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ABSTRACT •4~~~~O

method called Data Envelopment Analysis (DEA) is used to decompose
the efficiency of Decision Making Units (DMU ’s) into two parts :
(1) a component resulting from managerial decisions and (2) a component
resulting from constraints (called ~rogtams) under which management
operates. The DEA approach ac.~~~plishes this by enveloping the input—
output observations with exi~ mal relations developed in terms of a
specified nonlinear progr,a1I~ming ~Odel (and/or its linear programming
equivalent). Difference’s betw~4

’n the observations and the program
specific envelopes -,/cailed z~

’—bnvelopes——are imputed to managerial
inefficiencies. A/inter—program envelope is then constructed from
2 or more such a(—envelopes and used to identify “program” inefficiencies,
which are the inefficiencies that remain after the previously determined
*~anagerial inefficiencies have been eliminated. Numerical illustrations
accompanied by suggested tests of a probabilistic/information theoretic
character are provided by means of recently released data from “Program
Follow Through.” Designed as a study of possible ways of reenforcing
or extending Program Head Start’— an ongoing pre—schoo]. program for
disadvantaged childrenl —— the Program Follow Through expet~iment
provides data on agreed upon inputs and outputs for both PFT (Program —’
Follow Through) and matched NFT (Not Follow Through) participants in
various parts of the U.S. ~Only a subset of the variables from
the Follow Through experiini~~t are used. Hence the numerical example
utilized here is best regar~ed as only illustrative. Although the
results are adverse to PFT, ~~e DEA approach also opens new ways of
profiting from the results of\~uch experiments by examining combinations
of the underlying components. \~hese kinds of possibilities are also
described in this paper.
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1 BACKGROUND

In (10] and (23] we were concerned with developing ways to measure the

efficiency——more precisely, the relative efficiency——cf decision making units

(DMU’a) with special reference to public sector applications. These measures

were, in general, to be secured from observations on input and output values

that resulted from past decisions. The objective was to devise new methods

for dealing with multiple outputs as well as multiple inputs such as are of

interest for most public sector activities. • We wanted our efficiency

measures to be obtained directly from such input and output data (all of it)

in an objective manner—i.e., without recourse to a prior
4 
weighting choic~s

and like artifacts,such as price imputations from private markets to public

sector activities, -ouch--ac have customarily been employed for evaluating pub—

lic sector activities.

The developments in (10] and [12] naturally entailed a variety of new

methods (e.g., for estimating extremal relations from empirical data) as well

as new ways of unifying and using older concepts and methods (e.g., the dif-

ferent lines of research embodied in the works of Farrell [17] and Shephard

• (261). These will not be examined here. We want to concentrate instead on

extending the ideas of efficiency measurements by developing methods that are

directed toward identifying the efficiency of DMU’s under differing program

possibilities. That is, we seek to identify the efficiencies that are possible

under different public programs (e.g., different programs of public school edu—

cation) and to distinguish these aspects of efficiency from the way the DMU’s

operating under these programs avail themselves of these opportunities.

How we propose to effect these separations from given observations will

be developed in subscqucnt sections of this paper and illustrated in detail by

- - ‘
~~~~~~~~~~-
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reference to data from an important experiment in U.S. public school education

that has come to be known as “Program Follow Through.” Here we may observe

that such an evaluation depends in part on the ability to distinguish between

“program efficiency and “management efficiency” where the latter refers to the

efficiency of the DMU ’s operating under a given program. For if we fail to

make such a distinction, we are in danger of faulting what may be a “good pro-

gram” as a result of management (as distinct from program) inefficiency and,

conversely, a “bad program” may be approved because of the efficiency of the

DMU’s operating under its restrictions.

The data of Table 1, as drawn from [10], will help us clarify what is in-

tended in our characterization of DMU (managerial) efficiency. Here we are

supposing that each of three DMU’s produces a single unit of the same output

by means of two inputs in the amounts x~ and x2, that are shown row by row,

under the columns for D14U1, DHU
2 
and DMU3. (We may also think of these

values as the requirement per unit output as obtained from empirical data by

norming each DNU’s inputs by its total output.)

Evidently DNIJ
2 is not as efficient as DMU

1 
and hence cannot be character-

ized as being efficient. For reducing x1 3 to x1 — 2 while holding x2 — 2

in order to produce DMU2’s one unit of output would bring this management into

coincidence with DMU1.

TABLE 1
AN ILLUSTRATION OF

DM13 (-MANAGERIAL ) EFFICIENCY

r—..~ DMU

, INPUT ~~~~~~ 1 2 3

• Xl 2 3 4

x2 2 2 1

~~~~_ _____ 
— 2~~~_
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We are assuming, of course, that all inputs and outputs have some “value.”~
J

That is, we assume that released resources can be used elsewhere and/or that

an expanded output from the given inputs has some value. In other words we as-

sume that the indicated reduction of x1 represents a gain. However, this re-

duction neither uses all of the information of Table 1 (since DM13
3 is ignored)

nor gives the measure of DMU efficiency we are seeking.

To obtain the desired measure of DMU efficiency we import the following

formulation from [10] and (23]:

max h — r~i
UrYro

m
E v xi—l i io

subject to

(1) 
j~~ ~~i~r~ri ; .•.,  n

i~l
ViXij

Ur~ 
v1 

> 0; r 1, ..., a; i—i , ... , m.

The y13, X
j j values, which are all positive constants, represent observed

• amounts of r l , ..., s outputs and i—i , ..., m inputs for each of the

• j1, ..., a decision making units (DMU’s) that constitute a reference set.

For each phase of this efficiency evaluation, one member of this set is

singled out and represented in the functional as well as in the constraints.

The resulting optimization yields a set of objectively determined weights2’

u*, which generate an optimal 0< h < 1 with h~ 1 if and only if the

thus distinguished DM11 is eff ic ient .

3 .~ ut without specifying their numericaluagnitudes in advance. 
-

3~rhc reasons for restricting these weights to positive values are set forthin the “Corrections ” to [10].

~ii~
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We now apply what was previously said to determine such an h for DM112 in

Table 1. This means that the data for DM132 will appear in the functional as

well as the constraints so that for this single output case (with Yj 1,for

j — 1, 2, 3) we have:

max h0 — 3v1+2v2

subject to

lu
— 2v r2v

1> lu
3v1 + 2v2

> 
U a

— 4v1 +1v2

U , V1, V
2 

> 0.

As shown in (10] and (23) the formulation in (1) can be replaced ~y an• :. ,-: ~ :i .’.. .

ordinary linear programming equivalent for which calculations yield

u~ — 1, l/6~ v2~ — 1/3.

This solution evidently satisfies all constraints since
*

U

* *2v1 +2v 2

*U — 6/7
* +  *3v 2v

u* 
-

* ÷  * — 1 ,
4v1 lv,

— -~~ --.-— -
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and it provides the optimal functional value with h0
* — 6/7, the same as in the

constraint for j — 2.

We may observe that this same calculation which established the ineff i-

ciency of DM112, also established that DM131 and DM11
2 
are efficient. They, in

fact, serve as the efficient references for establishing this value of h0
* 

— 6/7

for This means that a suitable convex combination of the data for DM11
1

and DMU
3 
provides an efficient reference point for establishing the efficiency

of DM131. In fact this convex combination is formed from the data vectors to give,

5 (f\~~ 2/~4
’) 6(3

7~~2) 7~~l [YL
2 .

The supposition 15 that efficiency requires DM112 to be on the line (the

unit isoquant) generated from all convex combinations of the data for DM111
and DM133. To achieve a position on this unit isoquant, however, DM11

2 
would

have had to employ 6/7 of the amount of each of the two inputs utilized. See the

contraction factor on the right hand side in the above expression. Conversely, we

could multiply through by.~,L2. to obtain5 12 ’) 2/4\ 3~
~~~~~~~~~~ ~~~

which means that with these input amounts, an efficient m-iu2 would have aug-

mented its output from y2 l. to .~~. ± 
~~ 

units. In other words, h0
* measures

the amount of resource conservation that is required for efficient production

of a given output and its reciprocal measures the amount of output augmentation

that is required for efficient utilization of given inputs. The measures in

any case are by reference to subsets of DMU ’s which utilize the same inputs and

outputs in a relatively efficient manner. Witness, e.g., DM11
1 
and DM113 which

are both effic ient in the above illustration.

Ik. .. ‘.‘
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These ideas go over to multiple outputs and inputs and, as we shall see in

our Program Follow Through example, they can be extended to inter—program effi-

ciency comparisons as well. Before effecting our extensions in these direc—

tions, however, we can usefully conclude the present section by emphasizing

that our efficiency measure differs in important ways from other commonly em-

ployed measures such as indexes of productivity, etc. The latter, for instance,

generally proceed by reference to only one input and one output at a time with—

~~~ attempting to distinguish efficient from inefficient operations whereas our

efficiency measure considers all inputs and outputs that are represented as in

(1) and then measures possible gains from altering the input and output combina—

tions utilized. In the latter connection our efficiency measure is intended to

have the operational significance we have just exhibited for input reduction or

output augmentation whereas, in general, such significance cannot be assigned

to the usual indexes of productivity, etc 31

indexes of Laspeyre or Paasche variety.

• 
-.; —•---—- --- -.,-— —•-- 
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2. ESTIM&TION OF PRODUCTION AND EFFICIENCY RELATIONS

The above efficiency comparisons assume certain underlying relations which

may be summarized by means of concepts from the field of production economics.

In particular we draw on the concept of a production function as developed for

the case of a single output. Such a function is defined as an extreme). relation,

by which we mean that the output value is assumed to be maximal for any inputs

that may be specified.

In our case this production function is piecewise linear and with returns

to scale (and marginal rates of substitution) that are consequently piecewise

constant .hj Note , however , that these pieces are .a}so determined from the data. They are

also accompanied by an adjustment procedure that ensures attainment of the ef-

ficient surface even in the case of multiple outputs. See [10) and [23].

This situation differs from the usual approach to the study of production

functions (and related efficiency surfaces) in empirical economics. The latter ,

• we may say, generally proceeds by methods such as least—squares regressions or

simultaneous estimation systems which emphasize averages or like measures of

“central tendency .” These approaches therefore fail to match the methods of

estimation with the underlying theoretical constructs which , as we have just

noted, proceed by means of extremal relations. This means that a variety of ‘

possibilities for eliminating waste and inefficiency are concealed from view’~ 8

by virtue of the statistical methods employed.

PThis has since been generalized to functions that are piecewise Cobb— Douglas,
piecewise translog , etc., and which may exhibit both increasing and decreasing
returns to scale in their different pieces. See (12]. Utilization here of nations
such as increasing and decreasing returns to scale, etc., would, however, seem
to be pushing beyond the boundaries of what the test data we are using from
Program Fol low Through will stand.

)‘This deficiency is present in almost all of the econometric studies which hnvk ’ been
d &rect ed to issues of energy policy . (For a discussion of other shortcomings
of approaches u~cd in such studies see A. Charucs, W.W. Cooper and A. Schinnar

“Tr~insform s and Appro x imat ion s  in Cost and Production Function Relations .”
Un-iv~ r~ itv al TL• x n. at Aust in , Ce nt er  for  C’ bcrnc t ie Studies , Dcc., 19,6.)

________________________ ~-a—-.~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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We have already provided one way of locating such inefficiencies and illus-

trated its application by reference to Table 1., and we shall shortly introduce

additional extensions of these ideas. Before doing so, however, we need to

note that our approach involves interpretations and approaches to data treat-

ment that differ from the ones that have usually been employed in statistical—

econometric investigations of areas like educational policy, etc. The latter

way be referred to as utilizing a “prediction approach.” This is intended to

suggest that in such approaches one applies statistical regressions~
’or sitnul.—

taneous estimation techniques to all of the data. The resulting relations are

then used to predict further behavior on the assumption that decision makers

will continue at past levels of efficiency.

In part this approach is contingent on the methodologies (such as

least—squares) which are employed.~~
’ In part it is dependent on the kinds of

data treatments utilized. In general no data adjustments are effected for pur-

poses of distinguishing efficient from inefficient operations and hence no pre-

diction is possible beyond the supposition that future behavior will continue

to generate observations with similar mixes of efficiency and inefficiency.

• Our approach provides ways of distinguishing the relative efficiency in
-

~ the observations that have been generated from past DMU behavior. Accordingly

we can also adjust the data to provide the extremal relations that are needed

~~xtensive use of such regression and regression related techniques was made in
the study of Program Follow Through that was conducted by Abt Associates. See

~(13 and [2).

discussion may be found in [23] which ranges front critical evaluation of the
:1 one-dependent—variable—at—a—time assumption of standard regression approaches

and includes the limited ability of presently available simultaneous estimation
models and related statistical methods for dealing with the large numbers of
variables aiid relations that arc present in the kinds of applications we are
considering.

__ 1

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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.

to characterize the production functions and related efficiency surfaces which

are prescribed by our underlying theory i~

Our approach may be distinguished from others by referring to it as a

“control prediction” approach. By this we mean that the data adjustment and

estimation techniques wili not yield good predictions unless suitable controls

are applied. Thus in the Follow Through Program study, for example, we may

find that observed input and output values contain elements of inefficiency.

Although validated——e.g. , by reference to the behavior of relatively eff...cieut

subsets of DMU’s——there is nevertheless an assumption that these inefficiencies

may be identified and eliminated.

Evidently something more than simply a prediction via relations derived

from past observations is involved. We need to emphasize this since our ap-

proach also admits of simultaneous estimation of (multiple) output and input

relations that permit still further improvement by means of substitutions be-

tween the various amounts of inputs and outputs utilized. Unlike the predic— ..

tion approaches that we previously described~~ 
hrwover./ lt sucE - f ’

A :~~~~~~~
= . -

substitutions have been previously adjusted for possible departure from the

efficiency frontiers.

• discussion of ways in which these production functions (and efficiency sur-
faces) differ from others that have been used in economic analysis may be found
in [10] and (23].

Sum m ers and Wolfe in [30], for example ,. utilize statistical regression tech—
niques to reassign staff to different duties in order to achieve improvements-in ~~~
efficiency. In addition to the critique supplied in [5], we also need to un—
derscore that these regressions continue to retain whatever mixes of efficiency
and inefficiency were present in the data from which they were der ived, and
hence they d i f f e r  from the extremal relations estimates we shall be using.

d

—• ~~~~~~~ • ‘~~~~~
• -
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Because we want to emphasize the efficiency measurement and data adjustment

processes in our Program Follow Through illustration, we shall not explore these

further substitution possibilities in the present paperY In any case we need

machinery beyond that utilized in the pure prediction approaches in order to en-

sure that the wanted efficiencies will be forthcoming. For present purposes we

may think of these as being identified by means of a field examination such as

would accompany a “comprehensive audit.”2 Then we may think of our approach as

providing the basis of what is termed an “analytic review “in audit practice.

In such an a priori review, past data (and other pertinent information)are utilized

to identify places where an auditor should look for possible problems and

improvements. Although the models and approaches we shall be suggesting will

have value for such a review, a full verification of our “control predictions”

will generally require field examinations or other additonal modes of identification

of possible sources of inefficiency.

PThe values for the coefficients in these extremal relations are available
(without extra computation) from the duals to the linear programming equiva—

~lents to (1) . See (10] and [23].

~Brief1y such comprehensive audits extend the usual 
concept of financial audit

(e.g., CI’A attest aud its) to other aspects of management. See [13] and
[31].

- • ~~ ~~~~~~~~~ — - ~~~~~~~~~ -~-• —~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~ ~~~~~~~~ 
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3. PROGRAM EFFICIENCY AND DEtIA ENVELOPMENT ANALYSIS

We now want to extend the above ideas to enab~e us to distinguish program

from managerial efficiency in the different reference sets of DMU’s we shall be

studying. We therefore introduce the following extension of (1):

aa Z u  ym a x h — r — l r ro
ma ct a 

•

E v  xr 1  i io

(2) subject to

a aE u y
1 > 

r l r rj ; j—1, ...,
— ma a a

• i~j . V
i 
x
ii

a a
U , v~ >0; r 1 , • • •

~~ 

5ct ~ ~~~~~~~

where ct—i, 2, ..., k,respectively, indexes the sets which are of interest.

_ ~~- - -.--. • - - -~~~---- ~~~~~~~~~

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



_ I’___ —5- ~•• • - ,-• S

—12—

Within each such set we will, of course, have the same efficiency w~a—

surca~cnt stt u.niun as beCom e —— viz ., 0 h c 
~ with h — 1 if and only if

the DM1) being evaluated relative to ~~~~ c& th set of OMUs is efficient. Now~

however, we want to extend these Ideas so that we can apply them across

the sets a • 1, 2, ..., k in order to examine the re]ative efficiency of

the sets the:asclvcs.

For this comparison , we shall require  common outputs and inputs for

the reference sets. Then , provisionally, we may th ink  of th is  as a comup ari—

son between each of a 1., 2, ..., k “technologies” in order to determine their

varying degrees of eff iciency for converting common inputs into common outputs.

Each such technology provides a “boundary ” to the set of pro-

duct ion possibilities under the usual assumption s of economic theory. We

shall he dealing with direct  in ferences f rom empirical  data , however , and

so we will not. be able to a~sune that all PMUs attain these boundaries .

Furthetmore, unless a knowledge of these boundaries is objectively available

from some a priori source , we shall only be able to establish relative rather

than absolute efficiency ratings by reference to the most effic ient members

of the respective re ference sets. That is , these efficient subsets of DWs

will be used to establish the relative ef f ic iency boundaries which we shall

refer to as “envelopes” in order to emphasize these (and other) departures

from the usual assumptions of economic th* ory and methods of empirical inquiry.

Before e f f e c t in g  our across—envelope comparisons, -we shall bring each

DM11 onto the envelope for tts reference set. In the mann e r set for th  in [23].

We ~hal  1 r~a in ly  he conee mm~d vt th beh.iv icr such as the hehav tot of educa—

t ional Ins t Lt~t t  Ions in the publ i~ sce to r —— where p e r f e c t l y  compet itivo

m.mr k e t  forc es  ar e not ord inmr i i) ’  g iv”n f r , - e  p l ay .  Ni v e r t hele s s , in a ro .i~ h

TE~~ ?4f ~~y IS 8ZS -QQpy

5—-, ~~~~~~~~~~~ 4_ _



— 13—

sort of analogy we ~~ th ink of these ad)mt:;tmi~ntu .mu corresponding to that

part of competitive theory in vhi~ h each I)tIU is forced to become as eff I—

d ent as the most effic ient of Its cempetitor~; as a condition for survtvat.~
>

tote , however, that this is net an assumpt ion in our case since we actually adjust

the obsiarvations in this manner. Thus we are able to effect these across—envelope

comparisons on the basis of data which are .td j~mstc .d so that all DHIJs arc

ma efficient as the most efficient among them. The resulting comparisons

across these envelopes will then he used to rate the respective efficien-

cies of these envelopes.

Naturally, we shall need to utilize analytic methods that enable us

to effect cc~parisons be tween the differen t di~ tributiuns of effi-

ciencies both within and across each such sot. This will be done by a

variety of mtthods, includ ing uses of the “divergence” measure of informna—

tion theory for determining the “distance” between different distributions.

The usual tests of significance may then be applied , but it is important

to emphasize that we are proceeding in an order that is the reverse of the

usual one. That is, unlike the situation In which one wants to test an

underlying theory , we arc here using that theory to bring the observations

onto the envelope chat serves as the efficiency frontier in each set. On ly

after this has been done are the tests of significance to be applied.

As we shall see, this approach considerably simplifies the kinds of

statistical models and me thods that may be employed and it opens a variety

of applications for policy evalu~ticns and controls that are not available

:1 ~We shall, also refer to our envelopes as “efficiency frontiers” even
though we do not make the usual profi t  maximizing (incentive) assumption
that the most efficient DMIJ s always e f fec t  the best choice that technology
makes possible. See section 5 • below.

~~~~~~~~
. - - - • • - . • -. .• - - -.-—
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1’
frcm more ~u~tumary appr(’acIics.’~

’1 In any event we need to dist.ingulsti

this approach which we shall refer cc, as Data Envclopmen i Analysis (DEA) and

uhich we now try to motivate in the following way: Suppose we have two

different programs that might be used In public educat ion. Each program

has the same (t-~ultiple) output objectives and utilizes the same inputs as,

for instance , in Lhe experiment on £rogr .am Follow Through (I ’FT) that we

shall shortly cx.i.uine. In deciding whether P}t is better than its alterna-

tive, Non Follow Through (NFT), we need to allow for a variety of possi-

bilities in view of the fact th~it the observations for each of PFT and NFT

contain deviations that can reflect decisions which fall short of what each

program admits.

By distinguishing between program and managerial (. decision making)

efficiency, our DEA approach is directed toward evaluating a variety of

policy possibilities that need to be considered. As already noted, it en-

ables us to distinguish between managerial and program efficiency so that,

inter alia, we can determine whether program comparisons entail different

degrees of managerial efficiency in the data sets,or whether allowances should

be made for different degrees of DMU efficiency before effecting program eval—

uations. See section 5, below. Furthermore, the DEA approach singles out

the more efficient DMUs for possible sutdy en route to setting standards and

other types of controls within any such program. It also opens the possi—

bility of synthesizing entirely new programs by identifying subsets of across—

program D~1U’s (for which the envelopes intersect) as a possible source for

forming new program combinations that are better than any of the originally

identified programs. Of course, still other possibilities become available

and, in any case, the DEA approach helps us to distinguish good programs

which might be badly managed from worse programs that appear to be better

because of r.~anagcmeuc rather than program capability . It is this latter aspect

of flEA which we shall emphasize in what follows ,but we shall also at least

~~~~~~~~~~~~~~~~~ 
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4. PROGRAM FOLLOW ThROUGH BACKGROUND

We shall illustrate these DEA ideas by reference to a body of data1 that

have recently bec ome available from a very important experiment in U.S. public

‘i’primary school education known as Project Follow Through (PFT) .“ Before com-

mencing with the specifics of our analysis of the data from the Project Follow

Through experiment, however, we briefly consider its history and development.

It was conceived in the late 1960’s as a Federally sponsored program charged

with providing remedial assistance to educationally disadvantaged early primary

school students.

To a large extent PFT was developed in response to perceived needs for

furthering the objectives and accomplishments of the veil known Project Head

Start.~
> In fact, a major justification for Follow Through was to supplement

— -— a — 
~~~~~ 

,. ., _., .,. 
~~~~~~~~~~~~ ~~~~~ .. ..i 

~ 
_, .  

~~~~~~~~~~~~~~~~~~~~~~~~~unusual courtesy, especially for data on public school education, which we here—
with gratefully acknowledge. We are also grateful to Mary Kennedy, the Program
Follow Through Project Officer at the U.S. Office of Edacation, for sending us
the U.S. Office of Education Reports that are also referenced in [2].
9The study itself is known as Education as Experimentatien: A Planned Variation
Model. See the discussL-r~s in the U.S. Office of Education reports listed in

3Project Head Start was oc~igned as an early childhood pre—school interventionprogram aimed at bringin1 about significant cognitive non—cognitive gains
among disadvantaged children. When subsequent studies indicated that Project

- 
-

‘ Head Start effects were not sustained after its participants entered primary
school, Project Follow Through was one suggested corrective measure—the idea
being tha t special attention in the f i rs t  few grades woald lend reenforcement
to wha t Project Head Start had previously initiated. See the discussions on
pp. 158 — 159 in Vol. h A  of the U.S. Office of Educatii* reports in (2].

. 1
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public schools did not articulate sufficiently with the “Head Start goals , cur-

ricula, and objectives in the early grades so that these children would maintain

or accelerate their pre—school achievement.”~ Follow Through was envisioned as

an answer. As the same time Follow Through was also to be a “comeunity action

program,” going well beyond the classroom in providing for comeunity services

such as nutrition programs, social, medical, and dental. assistance, and even

psychological counseling service.

The academic portion of Follow Through could be interpreted as a forni of

Head Start which moved the latter from pre—school into the elementary grades

at the level of kindergarten through third grade. Initially conceived as a

program involving some 200,000 children, Follow Through received enthusiastic

endorsements from a variety of educational authorities. For instance R. L.

2~Eghert, writes:

(i)ts design stemmed from the conviction that sufficient im—
proycmcnts could be effcctcd in the institution serving chil-
dren that children ’s development would be so markedly superior
as to be readily demonstrated on measures of achicvcment,cog—

~~~ nition, self—concept , social maturation, and capacity to function
2~ independently. Follow Through’s dcsi~n was born also from the

convic tion that un1es~ such substantial differences were r~ni—fest, the really massive increases in spending that would be
£ ~ required could not be justified. In view of the results reported

by Millcr,Engelman ,Cordon, and others in the January~l968
meetings of prospective sponsors, this conviction did not seem
unrealistic, assuming that programs developed in small scale
settings could be implemented on a larger scale in a number of
co=unities.

I

e.g., Stanford Rcst~ar ch Institute (SRI) (291, pp .2—3.
I I

~‘Quotcd in [1] pp .A—7 and .~—8.

- 5---  - -5 .-  
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Unfortunately for those anticipating a large scale primary school action

program, a series of developments occurred between Follow Through inception

and funding which resulted in a change of Federal policy and a reduction in

annual funding to only $15 million dollars from an originally proposed $200

• million dollars.~
’ This reduction in funding caused a rethinking in which

the proposed massive application was convertid into an “experimenel study”

with the latter to be ~zecuted in an approach referred to as “planned variation.”

The idea was to utilize an experimental design approach or at

least as much of an approximation to these canons of classical statistics

as one is likely to be able to secure in a field like educational

policy.~ Nevertheless, within these 1i~ its of the “planned variation

model”, the enacted Follow Through Pro-gram was to be formulated around

a collectian of ~peclfica 1ly ident i f ied  approaches to treating the 
—

funding for this study is reported to have been as follows:

Academic Funding
Year (19—) ($10 )

67 — 68 3.75
68 — 69 11.25
69 — 70 32.00
70 — 71 70.30
71 — 72 69.00
72 — 73 63.06
73 — 74 50.62
74 — 75 52.85
75 — 76 55.42
76 — 77 59.00

Total 467.25

Source: p. 21 in W. Haney, The Follow Through Planned Variation Experiment ,
Vol . 5; The Follow Through Evaluation: A Thchnical h istory, prepared for the
Off ice  o t Planning, BuJ~ cci n~ and Evaluation of the U.S. Education Department
of HEW by The Huron In s t itu t e , Camb ridg e , Massachusett s , ~\ugust , 1977.

~‘fhLs ~s, of course , only a recognition of the particular susceptibility o
cduc:ttion , and especially education in th e  early grades , to emotions , pressu res
and othe r L h ~~di~:.eut~J to pure ly  sc ien t i f ic  studies.

_______  
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compensatory education problentsof disadvantaged children. These

program variations were each associated with “sponsors” (e.g.sponsors

headquartered at local universities or research institutes) who were

to Cl) pxovide the basic form and content of one par tf cular “planned

variation”and (2) work with designated local school districts in

implementing the indicated variation. See Tables A—i and A—2 in the Appendix.

Conformance with the above conditions was to be a requirement for

Federal funding (and related resource advant~’ges) and, further, this

was extended to a directive that each school district supply a Non—

Follow Through as veil as a Follow Through candidate group. Naturally,

allowance was made for periodic reports and analyses to facilitate

study of these various programs , and competent statistical (and other)

• consultants were retained for effecting analyses of the resulting data.

The results from these analyses were so mixed and subject to dispute

and chall enge~ however , that we confine ourselves to a PFT versus NFT

• comparison without reference to the variations in the assorted Follow Through

approaches identified with these different sponsors.~’

‘See [1] and [2] for a detailed treatment of the various ~ol1ow Through
sponsor performances.

L ~~~~~~~~~~~~~~~~~~~~~
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An;thçr difficulty aris~ s in that  Follow Through provided £ varie ty

of social as ‘cli as educational services to the cou~ un j ty . In fact ,

becausc of its oriCina]. tie to the Community Action Program (CAP) arm —

of OEO (the U. S. Office of Economic Opportunity), the following four

ce~~~i~tty services were mandated , in varying degrees , for all, of the

Follow Through Programs : -

(3.) Medical and dental services
• -

(2) Nutritional programs

(3) Social service programs

(4) Guidance and psychological services.

• Being community based and not attached to specific academic programs ,

it was not possible to determine the differential effects, if any, of

these nonacademi c activities of the Follow Through programs . Thus,

w ,liM the o ther analysts , will simp ly ignore these parts of the

Program in order to focus on only the academic portions of Follow

Through. -

Within the latter limits , certain attractive features emerge for 
~~

our purposes. For one thing, the Follow Through study is almost unique

a~~ng programs of its size in that all of the sites administered the

• same core battery of tests and measurements for the proposed national

evaluation. This included the NFT as well as the

PFT segments. Moreover, the former, i.e., the NPT

sites , were belccted to obtain matched co . parison sets of supposedly

comparable students. The PFT results could thereby be

matched to ccmparab le control populations rather than being confined

on ly ~o co~ pa risons with  so~a supposedly r,cncral aggregate national

narm. While this m atchin g was not completely carr ied out in

all detail , it at least provides a better basis that~ most of the

_____________ 
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other quasi—experimental desigesi/of “planned variation” genres in

educational policy.

5. SELECTION OF VARIABLES

In our opening section, we indicated some of the properties of

our proposed DEA approach to program and managerial efficiency measurement.

Now we might indicate others. Note, for instance, that the above matching

presents certain difficulties that are not encountered in the classical

(natural science) models of experimental design and which therefore require

specific attention.

As a case in point we might consider the problem of managerial

( — decision making) efficiency as it might be distributed between DMU’s

in PFT and NIT. Differences in decision making efficiency need to be allowed

for since, evidently, a “good program” may be “badly managed ,” and vice versa,

so that one needs some way of identifying this possible source of

contamination in arriving at a “program” evaluation.

If these were profit making entities one might — at least in

principle —— use dollar scalarizations for both inputs and outputs in

order to effect a matching for efficiency, possibly in the original

experimental design. No such a priori basis is available here, however,

and so our DEA procedures are applied “after the fact,” so to speak, to

eliminate such managerial inefficiencies en route to effecting the wanted

PIT—NIT comparisons.

Since we want to focus on the concepts and adjustment methodologies

e.g., Campbell and Stanley [6)

— ~-•_~~~~__-5  ~ i 11T JT ~~~~~~~~~ j ~~~~:r. ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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•
associated with our DEA approach, it seems prudent to restrict ourselves

to only a few of the variables for which data are available from the PFT

experiment . This means that our application to Program Follow Through is

only illustrative. On the other hand , the variables we shall study are

important ones and so the adverse findings of this DEA illustration cannot

be simply brushed aside. Moreover, omitted parts of the program (such as

the community services components) should have biased the results in favor

of PIT. In other words, even a favorable outcome for PFT would have fallen

short of what is required in that further justification for these other ex-

penditures and activities would be needed before a pro—PIT recommendation

was warranted. The fact that our study is not favorable to PFT compared to

NIT means that strong effects in other dimensions are needed to compensate

for this.

~Actualiy the separation between PFT and NIT is not as complete as might be
desired. For one thing, other Title I experiments might have been underway
in some of the NIT components and possible contaminating effects could also
emerge from even social interchanges between NIT and PFT participants. See
pp. 13 ff. in Vol. Il—A of U.S. Office of Education [2].
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Bearing the above points in mind , we now turn to another topic that also needs to be

considered . Although we select and discuss the output and input variables one

at a time we need to emphasi ze that this is not the way we shall use them .

Our approach will involve uses of input and output variables considered

simultaneously. Indeed , by means of the dual variables associated with

our linear programming problems, we can also obtain simultaneous

estimates of the relations connecting these variables to one another)’i

In this way we avoid possible objections such as those which

apply to standard statistical regression approaches that either

(a) treat each of the outputs as a dependent variable in separately

estimated regressions~ or (b) scalarize all of the outputs by weighting

the; e.g., relative to assumed costs and benefits, which are assigned

a priori to secure one overall regression.3i An easy way to summarize

what we are saying is that we are simultaneously estimating all of the

coefficients for an activity vector of inputs and outputs and at the

-j same time we are using the duality rglati~,as of linear programming to

effect the necessary adjustment for efficiency.~~

~kee ~IJJ and (2~]f 
or further discussion including the possible uses of

these coefficients for tradeoff analyses, etc., which we do not discuss
further in the present article.

2
See pp. 72 ff. in U.S. Office of Education Vol. Il—C in [2].

use of so—called simultaneous equation (econometric) estimation
methods might also be employed as in [4] and (3] . We do not use these
methods here , however , because (a) they are too limited in the number of
equations and variables they can handle and (b) they are not suited to
estimating tht extretnal relations involved in securing the wanted
efficiency ratings in any case.

the dI~ci~ssions in f1~ ] tmd [231.
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Turning now to data considerations we need to note that our

analysis, and hence our results, are based on results only from Cohort Il—K ——
which is one of a set of two longitudinal cohorts treated by Abt Associates

in [ 1). Our choice was dictated by a variety of

considerationJ’ such as the non—availability of complete Cohort III and IV~f

results at the time our research was being conducted, and by the fact

that Cohort I data were available only in an aggregate form that did

not permit access to the ind ividual DM17 level that is needed for the

DEA procedures.

From a set of 11 output measures, three were selected for

this study which we associate with their variable characterizations as

follows:

y1: Total Reading Score on the MAT = the Metropolitan
- Achievement Test. See [22). This is a measure of sev-

eral dimensions of a child’s reading ability. ihe
score is a site average. The test was administered
on a group basis over a period of several days.
As a measure of the cognitive ability of reading,
it required not only word skills but also compre—
hension and inferential skills as veil. There
are clearly problems connected with the use of such
“standardized reading achievement test ” scores
to measure the reading performance level of
disadvantaged children for whom this test was
adm±ttedly not developed . However , faced with
the absence of a viable alternative testing mechanism,
the MAT was employed .

y2: Total Mathematics Score on the MAT. This is a measure of
a child ’s quantitative skill ability. This test is
identical to the ~1AT Reading Test in its manner of
administration and vulnerability to criticisms
as a standardized test/~.lIt attempts to measure
several aspects of a child ’s quantitative skills
make—up such as mathematics computation ability, knowl-
edge of mathematical concepts and problem solving ability.

results in [2] were released only after the study we are reporting
here was concluded .

~~ee[23] for further discussion.

3
~Cohort IV d,i ta arc s t i l l  not availab le.

4
~ See pp. 38 f f .  in U .S.  O f f i c e  of Educ at ion Vol. I t—A ~~1. 
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y3: Coopersmith Self—Esteem Inventory. This is a measure
of a dimension of noncognit ive growth or affective
behavior . Developed by Stanley Coopersmith [16),the
test aims at measuring aspects of a child’s feelings of
self—esteem. This is done via measurements of a
child ’s feelings abou t himself , the way he thinks other
people feel about him , and his feelings toward school..
Given the stated universal Follow—Through commitment
to the development of the noncognitive facets of their
participants , it seems appropriate to include this as a rep—
reseqt~ tive i~ dicatorof affective behavior modification in
our illustration.

All of these output measures were taken at the end of the third

grade PFT and NFT experiences. This is the terminal or end grade for which the

experiment was conducted and hence provides the cumulative effects to this point.
For this illustrative exercise, it is not intended that we include all possible

or available outcome measures including ones that were obtained en route to this

terminus. It is felt that the three “final” output measures listed above are

sufficiently representative of the others in that they include two cognitive

measures and one nonco2nitive measure. For our purposes such a arou~ will be

sufficient in that (a) the outcomes supposedly measured by these vari€ibies are
impor tant in their own right and (b) they help to illustrate some of the diffi—

eul.ties that might be encountered in endeavors to weight these and other such

educational outputs in any a priori ‘~anner.
Following these same criteria we also briefly describe our selec—

tion of S input variables (from a set of 25) in the following manner? ~

x1: Education level of mother, as measured in terms of percentage
of high school graduates among the female parents. This
measure was chosen because past studies indicate that it is
highly correlated with home environment in its effects on
academic performance. More particularly, home environment
was expected to be an important input for any study of a
program ’s effect  on disadvantaged children.

x2: Righest occupation of a family member. This again is an
importan t non—school. input . The highest occupation measure

3 was felt to be a better indicator of social—economic status
than mean income (which was also available for use in this
study) . To be sure , it lacks the objectivity and continuum

~‘Sec 4\bt (1]  for  a deta i led  description of the variables and their role
in the ori.Ui~~l p r o j c c t .

~~~— ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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properties of mean family income , but it provides additional
information along other dimensions and does not require adjust-
ments from nominal to real values as do income figures, e.g.,
in proceeding from one region of the country to another.

z : Parental visit index. This is a count of the number of visits
to the school or with Follow Through personnel . It is
supposed to be a measure of parental interest with resulting
effects, especially on affective aspects of education, in
these early grades.

Parental counseling index. Also called the parent—child
interaction index , this is a measure of the amount of
time spent by parents in interacting with the child on
school related (cognitive and skill acquisition) topics ——
e.g., as in reading together.

x3: Number of teachers. This is the number of teachers at a
given PFT or NFT site. This variable was intended as a
simple measure of the labor intensity and/or the amount of
skilled t ime and attention that the site (school)was willing
to devote to the program.

Regarding the actual recording methods employed for the data on these

variables we here note that for each site we obtain a vector of input and out-

put variable observationsf For that point in time (the same time measurement

point for all sites) these measurements represent the total or cumulative

(not average) level. of output performance or total level of input magnitude

over the site.2 Tables A—3 and A—4 in the Appendix give the output data for PIT

and NIT, respectively , while Tables A—5 and A—6 contain the input data for PFT

and NIT with respect to the variables we are using.

4 . 4
1Data quality and completness, along with methods of collection and valida—
tion are discussed in [1) and [2). See also pp. 42 f f .  in U.S.  Office of
Fducatitn Vol . IT—A [2].

Lot ~1) ma~~nitudeF represent the mean values of out~iits and inputsmul t [plied ~v the tot:tI number of students per si te ,wherc the measurement
Ufl it  per ~t~&L’ut i:~ ~~~~~~~~~~~~~~~ Note there is on~ except ion to this
rout ine , n~tr.iel~

;, x5, nuttiber of cc~jc1,crs , where the original study informa t ion
was alr~ady provided in total site magnitude form. Ta~]es A—i th~ough A—4list the total rne;~~ur~’nents on the three outputs and f iv e  input variables
for both P I T  .io~ N U T .  

. ~~~~~~~~~~~~~~ — - — —j- -j -— — ~ ‘— —~~~~ —~~~ “~—~-—----~.- ~~— _-~ ___~-_ ---. -_~~- i. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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6. DM1) AND MANAGEMENT DECISION-MAKING EFFICIENCY

Other approaches to efficiency evaluation in

education have also been conducted in ways that are related to ours.1 These

have been concerned only with estimating or detecting inefficiencies in a cbl—

lection of DMU’s or with identifying organizations or programs where such

inefficiencies are present. In our case, however, we want to disentangle

managerial ( — decision making) efficiency from program efficiency, if

possible, before reaching a judgement on the latter. Naturally we do not

expect a mechanical procedure such as DEA to supply all, of the answers as

to the nature and sources of such inefficiencies. It should at Least supply

guidance , however , so that by audit follow—up or other such on—the—site

study techniques one can obtain further confirmation and perhaps even

specific remedies or correctives.~’ Thus, ve do not regard our analysis as

causal, at least for the purposes being considered iu this paper. I.e., we

are not effecting imputations in the sense that one may perhaps assign

causal significance to the independent variable in a regression model

approach~~’ We seek only initial efficiency evaluations which are sufficiently

well grounded so that (a) other evidence is needed to prevail against

these evaluations and/or (b) guidance as to where to look for possible

e.g., [7), [19] and (24].

3rhis may be thought of in terms of a rough analogy to statistical quality
control procedures where observations or estimates that exceed control
limits and/or the presence of runs In sequences of observations provides
guidance as to when and where to look for trouble and possible remedies.

—~See, e.g., H.A. Simon f27J .
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improvements is provided in the senses that were Just indicated.

Reference to Table 1 show;; that we have 49 DMU ’s for PFT

and 21 for NFl. In each case we first effect our efficiency evaluations

relative to members of the same set. That is, we distinguish an a~l set

for the DMU ’s in PFT and an ct —2 set for the DMU’s in NFl. In each case

the efficient members of the set generate an efficiency frontier, or

“envelope,” which represents the boundary of the production possibilities

(as indicated by the observations)in each case. See the discussion at the

end of the next section.

We shall refer to these as “ct—envelopes” which we may also

specialize to an “a l—envelope” and an “cz—2—envelope” and, on occasion,

we will replace these by references to the PFT and NIT envelopes, respectively.

After these envelopes have been derived we shall then generate a further

envelope that we shall refer to as an “inter—program envelope” or, more

briefly, an “inter—envelope~” This latter will then be used as a reference

for judging the ’~rogram efficiencie~’ of PIT and NIT after first

bringing all DMU ’s onto their respective ct—envelopes (in order to eliminate

inefficiencies resulting from managerial inefficiencies in the observation
for any DM1).)

To initiate this process we refer to Table 2 , below, which

shows the results of the program specific applications of (2) for

a~~ 1 (PIT) and a2  (NIT), respectively. We refer to these as

“managerial” efficiency calculations On the supposition that

the8e DMU’s are referenced only to others that share the same program

constraints. Hence the observed variations are ascribed to

variations in individual DM1.1 (managerial) decision—making~Lithin each of

PFT or NFl . In Table 2 the hth*a ~ values which are equal to “1” are for

DMU ’s which are on the efficiency frontier , i.e., on the “a—envelope.” All

1Tnc-Iud ing tt’~hnnlog ica1 and org:~ni~aLional choices perhaps imposed by past
m;In:I gt’ r~ and heuee he~ ~~iW C U r  ren t- tn~In ;iger Ia 1 control but which nevertheics~
a f f e c t  the ~ay ~‘rc~;enL dec islon~ ~irc made. -

~~~~ ~~~ _____________
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Table 2

PIT and NIT Program Specific ct—Envelope Efficiency Values

*2PIT h0 NIT h0

Site # Efficiency Value Site # Efficiency Value

1~ 1.00 - I2 0.90 52* 1.003 0.9* - 53 0.874 0.90 54* . 1.005* 1.00 55* 1.006 0.90 
- 56~ 1.007 0.89 57 0.928 0.91 58* 1.009 0.87 59 0.9210* 1.00 60 0.9813. 0.98 63. 0.883,2 0.97 62* 1.0013 0.86 63 0.9614 - 0.98 64 0.913,5k 1.00 

- 65 0.9716 0.95 66 0.9217* 1.00 - - • 68~ 1.00 -

39* 1.00 69* - 1.0019 0.95 70 0.9420* 3.00 - -

21* 1.00
22* 1.00 - -H 23 0.96 -
24* 1.00

U 25 0.97
U 26 0.93

37* 1.00
28 0.94
29 0.84
30 0.90
33, - 0.83
32 0.90
33 0.94 -

• 34 0.85
35* 1.00

• 36 0.80
37 0.94
38 0.94
39 - 0.91.
40* - 1.00
41 0.94
42 0.94
43 0.87
44• 1.00
45 0.89
46 0.90

• 47 1.00
49* 1.00
49~ 1.00

• Denotes a site with an efficiency value of 1

I 

- - -  _ _ H
- ~~~~~~~~ •~~~~~ • ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~



r~ ~~~~
- - - -

~~~~~

-- -- -

~~
--

~

— -

~~~~

--
~

- --—-—-——

—29—

other “h*U”< 1 are contained within the boundaries of their respective

“ a— envelope” and are thus less efficient.

( Insert Table 2 J

.
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• Raving obtained these program specific values for

our measure of “managerial efficiency;’ we next examine the results to

ascertain whether these efficiencies differ between the two sets. Toward

this end, we have at our disposal a number of classical statistical tests and

other measures . By way of illustration, we choose two such comparisons .

The first is a comparison of differences in the probability of a PIT

versus an NIT site being on their respective ‘tt -envelopes ” In other

words, we seek a comparison of the proba~aility of a PFT versus an NIT site

having an efficiency value of 1.0 relative to its own a—envelope. Without

attempting to exhaust the possiblities of simple statistical measures :.that

our approach permits, we shall then proceed to our second statistical

• test and average these managerial ( — DM1.1) efficiencies by reference to

their respective h~U values. In this way we shall be able to allow for

“magnitude” as well as “probability” in the simple comparisons that

we shall effect in order to ascertain whether we get similar or different

results from these two approaches.

— 
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Our first measurement is addressed to the probabilistic question

that we have just now formulated. To treat this question, we simply

consider the ratio of the number of DMU’s from a given a reference set

which are on their respective envelopes —— i.e., have values of 1.0 ——
relative to the total number of DMU ’s in this same feference set. Using the

information from Table 2 , we therefore find that the probability of being

on the a — “1—envelope” is

P(a—l) — me
(l) — 17 51

m (I) 49 147

where me(l) is the number of PFT DMU ’s with h*l values of 1.0 and m(l)

is the number of DMU ’s in PFT. For NIT this probability is

P(ct—2) — m (2) — 8 — 56
H • m (2) 21 147

where m(2) refers to the total number of DMU ’s in NIT and m (2) refers

to the number on the efficiency frontier.

Proceeding now in a somewhat informal manner, we can see that

~~ i ~~~~
j
~~

_ ~~: ~~~~~~~~~~~~~~~~
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the managers in the two programs , PFT and NIT, have about an equal likelihood

of being on their respective program referenced efficiency frontiers.

The differences between P(a—l) and P(a—2) are not statistically significant

so that an implication of the above results is that both PIT and NIT

site managers or “decision—makers” are drawn from the same managerial

efficiency pool or population. Relatively speaking there appear to be just as

many managers in PIT as in NIT who, within the limits of their program

constraints, operate their sites efficiently or inefficiently.

The above probability measures provide insight only into

the location of DNIJ’s in PFT and NIT relative to their respective

boundaries. Questions involving differences between the distribution of

efficiency values in the two groups are not addressed by the above calculation.

Thus to cheek and perhaps extend our understanding of these results,

while still staying with relatively simple measures, we consider a comparison

between the mean efficiency value differences in the two sets. Again

using the information contained in Table 2, we compute a PIT mean efficiency as

— 0.946 and an NFT mean efficiency value as h~
2 0.958.

Thus, NFl has a slightly higher mean efficiency.

• Proceeding now in a more formal manner than before we proceed to

a two—tailed unpaired t—test comparison of the significance of these differences

between mean efficiency values. For this purpose, we assume statistical

independence between observations, but do not assume tha t the two population

variances are the same. Hence, recourse is to the so—called Behrens—Fishcr

statistic --~’ for wh ich we obtain

t
3.,2 

— —0.26603

-~Ie actually used Cochran ’s approximation formula as given on p. 115 of [25].
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— • -• — — - __________________



— I  
~~~~ ~~~~~~~~~~ 

— -•-

~~~~

----—----- • - -

~~

--- ------ —.-

~

• •• • --- --- ---— .-- .•— -------•,-----

~~

- —-—--

~

-•-

~~ 

—--- ,--

~~~

---. - •  

-33—

by reference to data of Table 2 . At the0.05 level this is not significant

and so we do not reject the nuJ 1 hypothesis that PIT and NFl pools do not

differ in their managerial efficiency.

Before proceeding to our wanted “program efficiency” comparisons

we pause to try to illuminate some of the assumptions (and possibilities)

underlying our approach as follows. First we consider the hypothetical

observations portrayed in Figure 1. Here we are supposing two sets of

DMU’s which have similar outputs and inputs. All outputs and inputs are

fixed at the same level for every DMU except for the one input in amounts,

x, and the one output in amounts, y, shown in Figure 1.

If one were simply to calculate average efficiencies,

the set A would rank lower than B. On the other hand, the efficiency

frontier for A dominates that of B so that the simple calculation of these

- • 
averages might lead to erroneous inferences concerning the efficacy of

B vs. A. At a minimum, therefore, one ought to try to detect the presence

of different sources of inefficiency before assigning them all to the

• 

- 

programs associated with A and B, respectively.

We shall shortly be adjusting all points up to the frontiers

to effect our comparisons and, of course, the kinds of predictions that

one might make from this quarter are different than those one might make

by effecting ordinary statistical estimates from the data of Figure 1.

In particular one will now need to effect supplementary analyses and perhaps

provide guides and/or controls for the managers associated with the DMU’s in

such sets as A and B in order to reenforce the predictions that are being

made under our DEA approaches.

In terms of ordinary private sector (market) economies one may

think of the A and B frontiers in the manner of “technologies” that limit

what is possible. If one were to suppose a free play of competition 

.
•
--• - - .-
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Figure 1
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then one might also suppose that the following conditions are also at work

under the usual assumptions of market economics:

1. Pressure conditions: All firms (DMU’s) are forced

to become as efficient as the most efficient wewbers
of the reference set.

2. Incentive conditions: The most efficient firms (DMIJ’s) will
move to the frontiers that technology makes
possible.

Sans condition the pressure conditions allow only

for measures of relative efficie~tcy. Tests of hypotheses and resulting

efficiency e ’aluations and/or adjustments need to be interpreted accordingly

in any empirical study of input—output behavior. This, in any case, is

the way we shall proceed. That is, in the DEA adjustitents that we shall

now employ we shall be submitting our PIT—NIT observations to a procedure

that is analogous to the kinds of movements one would associate with the

pressure conditions . Whether a subsequent reinforcement can be effected

that will produce the related predictions is a separate issue that we shall

not examine in detail. At a minimum, however, our suggested DEA approach

opens new possibilities for a use of theory in public policy applications ——

in ways that are not generally available under the more customary approaches

that have heretofore been used.

~ Actually it is not clear how the validity of the assumptions associated with
these incentive conditions can be tested unless one has access to other in-
formation ‘(e.g., engineering information) besides market observations7
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7. THE I~tT~ ENVELOPE AND PROGRAN EFFICIENCY

Reference to Figure 2 may help to show how we propose to effect

our “program efficiency” comparisons. In this diagram the dots ( .)

and the x’s are supposed to represent PFT and NIT observations, respectively.

These are all hypothetical observations arranged to suit our convenience.

The resulting two dimensional portrayal is intended to show the amounts

of two inputs required to produce one unit of the same output by each of

several dif ferent D~1U’s in PIT and NFl, repectively.

The a—envelopes for PFT and NFl now correspond to the so—called

“unit !soquant.’ These envelopes (or isoquants) are determined by applying

the linear programm!ng equivalent of (2) to the observations for a— 1 and a 2

in turn. Points such as A represent PFT observations which have values

< 1 since these are not on the PFT a—envelope for which the values

h:i — 1 apply. Similarly points such as B and C have values of

h
*2 

< 1 determined relative to the NIT —envelope.

Carrying out the repeated applications of (2) needed to determine

these envelopes we may f ind , as in Figure 2, that the PFT a—envelope is more

efficient over some ranges and the NIT a—envelope is more efficient over other

ranges. This kind of inference may help to answer one set of questions

but we are now seeking an evaluation that will help us to decide which

program is better in some overall efficiency sense .

To help in answering the latter question we proceed as follows.

the discussion in section 1.

- --- — 5--  -~~~~~~ - - - - - -- -• - • - ~~~~~~~~~~~
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Figure 2
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First we utilize the procedures described in 1103 to bring all of the

observations onto their respective ct—envelopes. Then

we construct an inter—envelope that will enable us to compare the resulting

clusters of DiIU ’s on the assumption that they are all operating on the

efficiency boundaries permitted by their program constraints. This permits

us to impute remaining differences to the respective programs by reference

to a co~~on envelope which is always at least as efficient as any of the

a —envelopes —- as witnes s the “int er— envelope ” portraye d in Figure 2.~~
To make the above instructions more concrete we now replace (2)

with the following formulation for effecting the inter—envelope efficiency

determinations.

A

E u yr l  r ro
max. h —o m

i~~~1 
~i ~io

subject to

5 Al
I ~ Y ~ •

‘3’ ~ 
> 

Ii. r ~~~ ~ 
£ , • •.,  lii

i.

Al

i~~~l 
V
i 

X
ii

and

1 > 
r~l r ~

‘rj ; j 1, ...,
—

1~1 v1 x~

where, as before, all variable values are constrained to be positive.

Here the caret over a letter indicates that the efficiency adjustments to

the envelopes for a—l and a—2 have been carried out as described

in the preceding paragraph.

~For ease of understanding we are conducting this portion of the discussion as though the
isoquant assumption is valid . However , we are dealing with multiple outputs and inputs
so that the concept of an isoquant has no meaning and must be replaced by the more gen-
eral concept of a production possibility set. See [10). Also, we shall continue ([n this
same sptrit~ as though ~c are concerned with resource conser.’ation possibi l it ics .Actua~ 1y
many of our inputs arc fixed, outside the realm of n~anagcr ia1 discretion, and so one
might more properly speak of output augmentations rather than input reductions along the
lines that arc also indicated in [l0].Seo also the discussion following (1) in section 1.
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The DM15
0 

being rated in ( 3 )  can come from either a — 1 or a — 2 .

The fact that a DM15 is efficient under either of these programs,

however , does not necessarily produce an h* — 1 for this DMU. Failure to

achieve this rating, however, is assumed to be due to the program constraint

under which this DM15 was operating when the adjustments from y~0 and

x to 
~ 

and x were effected. In other words, an h* < 1 is now
ij ro ij 0

attributed to the program rather than the DM15 being evaluated in each case.

6. AN INFORZ IATION THEORETIC TEST OF PROGRAI4 EFFICIENCY

*The indicated application of (3) yields the h0 values shown in

Table 3. We could,of course, now repeat the same kind of analysis that

we undertook for effecting efficiency comparison between DMIJ’s operating under

PFT and NIT, respectively. Something more is wanted, however, in that

our program comparisons should really be effected relative to the clusters

of managers operating under each program. In short, we would like to

- effect our comparison by means of a measure of the distance between the

two distributions exhibited in Table 3.

A variety of measures of this kind are available. The one we

select involves an extended form of the information statistic which

Kullback [l9]refers to as a measure of “divergence.”~’ This measure is

def ined as

(4) ~ (f1, f2~ — I (f1: f2) + t (f2
: f1)

where f1 and f 2 represent density functions, discrete or otherwise, and

~
‘See Kuliback [21] p.190 f~r a discussion of the relation of this
measure to Mahalanobis’ “D “or “generalized distance measure.”

~ ~~~~~~~~~~~~~~~~~~~
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I represents the information statistics given by

I 
~~~ 

f2) — Jf 1 (x) log f1 (x) dx
f2 (x)(4.1)

I (f
1
: f

2
) — $f2 (x) log f2 (x) dx

f1
(x)

when the densities are continuous. Inserting these two expressions

in (4) produces

(4.2) ~ (f 1, f
2) — (x) — f,(x)) log f1(x) ~~

f (x)2

which shows that J is a measure of the “difference” between these two

densities.

Actually J (f1, f2) has most of the properties of a distance

function~~ Each of the terms in the sum defining (4) is nonnegative and

so ,

(5.1) J(f
1
, f2) 

> 0, with 3 (f1, f2) 0 if and only f1 — f
2

which is, as we know, the nonnegativity requirement plus positivity for

distinct points for any metric distance function. Similarly, this divergence

as defined above has the symmetry property, viz.,

(5.2) .1 (f1, f2) — 3 (f2, f1). 
— -

The only property that 3 lacks is the so—called “triangle property,”

viz., we cannot guarantee that

(5.3) J(f1, f3) 
< J(f1, f2

) + 
~~~2’ ~~~

Appendix A in Charnes and Cooper [83 , pp. 154—156 for a treatment
of the three def in ing  properties for  a metr ic  distance func t ion.

1~
_._
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That is, we may have

(5 4) .~~ f1, f3) > j
~~~1’ 

f2) + J(f2, f3).

Statistically speaking this means that the divergence between f1 and

may be significant even though the sum of the divergence between (f 1, f 2)

and (f2, f3
) is not statistically significant. In other words, we cannot

rely on the results of the latter to test the former .

Actually, we do not need the latter for our purposes. Ours is not

even a symmetrical comparison, in that we are only testing whether

PFT is significantly better than NIT relative to the “inter”

frontier. That is, we consider both PFT and NIT estimated program efficency

values with respect to the hypothesized frontier values of h0~~ — 1.

Toward this end we need only apply what Kullback refers to as the

“directed divergence” —— viz., 1(f1
:f 2) is one such directed divergence

in (4.1) and I(f2:f 1) is the other. The former, we may say, measures

the divergence between f1 and f2 from the standpoint of f1 
and the latter

measures it from the standpoint of f 2 . Of course , these measures will

not , in general , be the same .

In our case we are using the “inter” envelope as the common

standard of reference. That is, we are not comparing the a—envelope

distributions directly but are, instead, comparing each of them to the

inter—envelope distribution. Thus , using the data contained in Table 3.

~4or other references that involve nc~i and somewhat surprising uses of
these so—called “Kullback—Liebler” statistics see (9] and (25]. See
especially the fur ther  references to the important articles by Akaike that
are also cited in [9J and [25]. Sec also [13] for a Further extension
that discusses recently develrnwd duality relations for constrained
Khinchin—Kullback—Leihlcr estimates.

~~~~- ~~~~~~~~~~~~ —
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Table 3

Inter—Envelope Efficiency Values

* *PIT h0 NIT h0

Site # Efficiency Value Site I Efficiency Value

• 1 0.92 50~ 1.00
2* 1.00 51~ 3.00
3 0.94 

- 
52~ 3.00

4• 1.00 53* 3.00
5 0.93 54* 1.00
6* 1.00 55 0.99
7 0.99 56* 1.00
8* 1.00 57* 1.00

9 0.98 50* 1.00
10 • 0.92 59~ 1.00
11* 1.00 60 1.00
12* 1.00 61* - 1.00

13 0 . 9 9  62* 1.00

• 14 0.95 63* 1.00
35* - 1.00 64* 1.00
16* - 1.00 65* 1.00
17* 1.00 66* 1.00

18* 1.00 67* 1.00

19 0 . 9 9  - - 68 0.99
20* 3 . 0 0  - 69* 1.00 • 

-

21* 1.00 70* 1.00

22 1.00
23 0.99 -

24* - 1.00 -
25* 1.00 -

26 0 .99

27* 1.00 -

28* 1.00
29 0 .99

30* 1.00 
-

31 0 . 9 9

32* 1.00
33 0.99 -

34 0 .98
35* - 1.00
36* 1.00
37 0.94
38 0.99
39* 1.00
40 0.95
41 0.99

• 42* 1.00

43 0 .99
44* 1.00
45 0.99
46* 1.00
47* 

- 
1.00

48* 1.00
49* 1.00

Denotes a site with an efficiency value of 1

~~~~~~~~~~~~~ ,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— -— --.~~~~
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we obtain

I (f
1
: 6) — 2.40226 x lO~~

(6) and

I ~~~~ 6 )  — 0.03684 x lO~~

where f1 — f1 (hg) and — f2 (he) represent the distributions
1
portrayed

for PFT and NIT, respectively, and

for h~ — 1

(7) 6 (ha) gives

(6 —O for h~ < 1

Our comparison is with the degenerate distribution for which all h~—1 so that

also 6(h) l. In this case directed divergence, therefore, reduces to the entropy

measure of “disorder,” or, alternatively, “divergence” from the situation

in which all h*~1 —— which, we may note, is a consequence of the assumptions

discussed in connection with the pressure and/or incentive conditions noted at

the close of the last section. Thus,rsferring to the directed divergences

exhibited in (6),in accordance with our just noted assumptions ,we observe that the

first statistic in (6) has an I value for f1 which exceeds the I value

for f2 and hence has a grea ter divergence value than f2. No significance test

will reverse this sign difference and hence we now conclude that our evidence

is to the effect that PIT has not deaonstrated its superior efficiency. This

is consistent with our preceding results, too, and hence for reasons advanced

earlier (e.g., the additional expenditures involved) an implementation of PFT

,~is not warranted from this evidence.~~

~See [11] for a detailed discussion of these kinds of statistical distributions.

2~‘~The statistic for I. which is the so—called “Kuilback—Leibler ” statistic is
asvmptom~iticallv distributed as under a reasonably broad class of conditions .
Hence recourse may be had to this property when significance tests are wanted .
See Kul1bat~k [fl 1.

~In a genera l way this agrees with the findings —— but without the nunerous
qualifications ~nd exceptions —— described on pp. 158 ft. of U.S. Office of
Educ .ittou Vol. h A  [ 2 J .
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Of course, our PIT—NIT evaluations need not (and should not) end here.

A variety of additional possibilities are also open for study. We might , for

instance, conduct a facet—by—facet comparison of the DHU ’s on each a—envelope)

Note, for example, that DMU ’s on the same facet may be identified explicitly by

the fact that they will have the same optimal bases. Furtnermore, the direction

numbers (and hence the direction cosines)2
’
~ for determining the distance of these

DMU’s from the relevant part of the inter—envelope are also at hand. Hence,

measures of average distance from the inter—envelope can be readily secured

and applied facet by facet, if desired, for further evaluation of subsets of

PIT—NIT possibilities.

e.g., Gray [17]. -

See Appendix A in [7] which shows how to obtain the distance from a point to a
hyperplane by means of these values.

— 
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Returning to Figure 2 we may also observe that still additional possibilities

are present. Note, in particular, the broken line portion of the inter—envelope

which lies below both ce—envelopes. This, we should say, arises from possible

combinations of elements from PFT and NFT which offer greater efficiency possibilities

than either of them within the input region subtended by this facet. Such new

possibilities also need to be confirmed by further study, preferably in the field,

but the point is that they should not be discarded simply because the original design

did not explicitly consider these potential combinations of PIT and NFT elements.

SUMMARY A1~D CONCLUSION

The points that have just been made should suffice to indicate

some of the possibilities that our DEA approach may offer. Here we have

presented this approach in terms of an illustrative application to

— ~~~— -•~~-
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Program Follow Through. It is not to be regarded as limited to this Program,

however, or even to education programs. Our intention is to provide

a general set of concepts and methods that can be applied to a variety

of public programs where profit/cost and like considerations are not

directly applicable3i The point to bear in mind is that these concepts

are at their best when applied to situations in which there are an agreed

upon set of objectives and in which resource diversions to other

programs are not at issue.2)

%4here these conditions are met there is stiLl an interest in

resource conservation, on the presumption that released resources are of

use elsewhere. Notice now that our DEA approach gives us a method of

ascertaining the amount of resource conservation and/or output augmentation that is
possible as well as
a way of distributing these amounts between program and managerial efficiency.
How any of the conserved amounts
of resources might best be redistributed to other activities, e.g., to

activities of a non—education variety,involves issues of pricing and

weighting that are not addressed in our formulations.

Another point of interest is our choice of the Kullback_ Leibler

statistic. This choice was elected because we wanted to’ be able to compare

the distributions of f1 and f2 with the further possibilities that

might be available by relaxing the program boundaries. This could not

1t~,see [ 10] for further discussion.

the terminology of the U.S. General Accounting Office we are here concerned
with efficiency (including economy) and not “effectiveness” and/or “propriety.”

See [14 ] and [31].

_ -‘
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have been done as easily or directly by comparing f1 and f2, via, e.g.,

I(f 1, f2), although, of course, such a comparison might have been effected

and even extended for other purposes by recourse to (4) ff.

It should perhaps be again noted that we have here reversed

the usual relation between statistical methods and economic theory in

empirical research. A great deal of the latter research has been directed

toward theory testing, of course, and that is not our objective here.

We are instead concerned with using that theory (e.g., accepted parts of

production theory) to assist in the evaluation of public policy programs.

In addition to arriving at evaluations for these programs (and their management)

we have also been concerned with using theory to uncover opportunitiás

for resource conservation or output improvements that would otherwise

remain hidden from view.

Of course, we have a. confined our modeling of

possible new opportunities by reference to inferences from observed data.

We have also suggested that our DEA approach is best regarded as a guide

and that it requires supplementation by further study , preferably in

the field, in order to ensure that the indicated opportunities are really

~reseat. The fact of their presence is also not decisive unless controls

~r other alterations can be specified (e.g., by program audits of GAO

.4riety)~Jto ensure that the indicated improvement possibilities will

be forthcoming

by suitablt~. extended versions of such audits to allow for inter—
program compar~sons and evaluations. See Churchill, et.al. [14].

~~~ - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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In conclusion we might again contrast our DEA analysis as an example of

“prediction under control” in comparison with the “pure prediction”

that~ is represented by the following statement by Milton Friedman:ii

The only relevant test of the validity
of a hypothesis is comparison of its
predictions with experience.

Evidently Professor Friedman thinks that the end of theory is prediction

in the uncontrolled sense. This is one valid view of scientific

research, to be sure, but it is not the only one. At a still deeper level

one may say that a scientific theory achieves an even greater value when

it tells us where to look for possible modes of behavior that might

otherwise be missed entirely.

3
~prom (is 1, pp. 8—9 . 
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Table A— i

FOLLO W ThROUGH APPROACHES A~D ASSOCIATED SPONSORS INCLUDED

IN DATA ENV EWP~~~ T ~~ALYSIS STUDY

Approach and Sponsor Ni~~ber of UT Site. Ni ber of Nfl Sits.

RESPONSIVE EDUCATION PROGR~~~
Far West Laboratory for Educational Research 7 .7

sad Development

TUS~~)N EARLY EDUCATION MODEL (TEEN)
Arizona Center for Early Childhood Education 4 2

BASK STR~~T COLLEGE OF EDUCATION APPROACK
Bank Street Colls~e of Educat ion

DIRECT INSTRUCTION MODEL (DIN)
University of Or egeu -College of Education 3

BEHAVIOR ANALYSIS APP~~ AO1 (BA)
Support and Development Center for 6 1

follow Through — Un iver sity of Kansas

COGNITIVELY ORIENTED CURRICULUM ?~~DEL
-High/Scope Educational Research Foundation 3 —

FLORIDA PAREN T EDUCATION MODE L 
-

University of Florida 4 3

EDC OPEN EDUCATION FOLLOW TEROUGH PROGRAM
Education Development Center 2

SELF—SPONSORED - New York City,NT - 1. —

SELF—SPONSORED — Philadelphia , PA 1 1

SELF-SPONSORED - Detroit , NICK 1

SELF—SPO NSORED — Portlan d ,OR 1

SELF-SPONSORED - San Diego , CA 1 —

D ERDEP~~DENT E ARNING MODEL (TEN)
5ev York University — Insr.i tu t~ for 1 —

• Developmental Stud ies

LANGUACE DEVEWP )fNT (BILINGUAL) EDUCATION APPROACK
-j Southwest Educational Development 2 1

‘ Laboratory (SEDL)

BCR~~~-SOfOOL PARINERSUIP: A ?VTIVATION,AL APPROACK
Southern University and MM College 1 —

CALIFORNIA PROCESS MODEL -

Cali forni a St ate Department of 4 —

Education—Division of Cospensstor y Education ________ ______________

Total Number of Sites 49 21

Source : Abt (2 ] ,  p.A—1 8 
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Table A—2

Site Level Distribution of DEA Study Sample

itadat end Site f r a n1 City Slis~
Sit. S sit. S $ti~..i Pop. ; p,~p.

Isepoa.&ve £decatien Ibd.i

* 30 krk.l.y CA V &41 n CI ty 5$ 71
2 51 h fLeto .t~T U ?.arge Cfty 71 27
3 32 PC ~~d1i Ci ty
4 33 Pr..t ,~cA V ‘~ dius city $4
3 3~ L.benon~ItN Ju ral Ar ea ~~~ ‘~
e 33 Salt Leliut V Itsdts CIt y
7 ~~ Tacoaa.WA V ~~dL~~ City 71 42

ElEX Podat
$ )alti..r..IW S Let;. City —
I LAevood .PJ El Snail Cfty $0 —

10 57 Liacoin .N1 NC Ned ius Cit y N $3
U 3$ Uicbita ,KS IC ta r;. Cli,’ 54 36

Lank Str eet )bd.j -

12 31 5ev Terk $Y El Large City 72 243
13 40 Pttil.del pbia .PA Vt Lar ge City $0 37
14 Br.etl.boro ,VT El Snail Cii,’ 20 —
13 41 Pall Rtv.g .M& El liedius City 39 1$
16 VJ.lmlfl;too ,DE S NedLa City 109

ODe Mode l
17 Isv toik ,itt U Large City 31 —
1$ 42 £.$t. Louia ,I1. SC Lit;. Cii,’ 56 21
19 Gr eed Iaptde~ttL SC Isd1~~ City 10) —
20 43 *acdae Vl SC )tedj . CU,’ - 42 27
31 ‘4 Utst.El IC Modlu. City 77 sS

$A Mod.1 -

33 Isv Tork ~ifY U Large Cii,’ —
23 63 Pklisdelpb,ta.?A El tSr;. city 10$ 27
24 P.rt agevI1i. .~~ - 

IC leral At.s 47 —
2$ Zanies Ci ry , )~ SC L.tg. City 41

• 24 Liui.viLi..KT S L.r g. City- 90 —
27 Isr*di-an,IL IC frral Area 4$ —

C.s.itivs Curriculi Model
2$ Ian lerk IT U Large CIty 32 —
29 Clicago IL IC Lar ge City 1*
20 Clau s.. Co. j1. S $.aU City 4$ —

larant F4ucstIon Mod .2
31 PkIladelphi. ,1A I! Let;. City ‘4 —
32 ‘4 JactSoovtll. }1. $ Large City 13 33
33 41 R1ct~aond .VA S La rge City  111 49
34 42 IwstcO .tX S Large City 95 7$

33 tbiladsipbia ,PA SE Large Ctty 112 —
36 Pat .raoo KJ El Medius Ci ty 42 —

$.1f—$po.aored ibdel
37 Dsitoit .)tl - IC Large City 4) —
33 U Sev tork ,VY NE Large City 30 13
3~ IkJ ladeipkta ,PA St Large C LI P $6 —
40 P.rtl.nd ,O* V ta r;. Cky 43 —
41 l.a Diage.CA V Large CIty 71 —

lix )t,d.1

- !  42 Sew Tork ,ltT El LSiII Cit ,’ $3 —

sgm. i,d.1
43 70 P iiiiadeiphie .PA NE Lar ge City $6 36
44 Tq4.r.,CA V $.att City 173

l..e—Sctiooi Pert n.r .h ip Mode l
4$ ;ev T o k . Y NE Large City 26 —

C.1*f .rei. Pcoe..e Modil

64 Los Ani .Ies .CA V tar ,. City
41 J.~en.v *d .CA V s..i t City
43 Laennt ,CA V Jur .i Ar.. 37 —

San Jo .e.CA v Lu g. City 42

T•tit Siudri t Pci . AltO
5 Pou I ..4 Cii,’.45. .rT Pcpi4.i ion t i;urr So, ~~~~~~~

Pew Y.,,~ t i ty
(Foo Lnote~

; coniini u ed on next page)
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Table A—2
(continued)

1
NE — North Eastern United States

S — Sou thern Uni ted States
NC — North Central United States
V — Western United States

2Large City 200,000 or more

Medium City 50,000 to 199,999

Small City — 10,000 to 49,999
Rural Area — Less than 10,000

3A11 Data Envelopment Analysis study information refers to the Cohort LI—K
student population. Il—K indicates that this gro up of students began their
Program Follow Through experience in kindergarten . (This was also the only
one of three Cohorts which had completed all of the grades frou kindergarten
through third grade at the time of our study for which site level information
was available,) However, due to incomplete statistics along some DEA
variable diciensions, some of the Cohort lI—K PFT sites were not included
in the DEA study. Specifically, Bank Street Model: Rochester,N~’ site;EDC Model : Chicago ,]i site; and SEDL Model: St. Martin Parish,L~ sitewere excluded from the DEA study student population. The actual Cohort LI—K
PFT pop ulation was 3,367 of which, as noted above, a set of 3,210 students
were used in the DEA study. .This exclusion of sites also extended to the
NYT groups which were similarly reduced to 1,202 students.

4Two sets of NF~ students groups were created in the original Program
Follow Through study. One group was a local student set, usually in the
same school system as the subject PFT site . The second group , and the
one selected for the DEA study,  was a “best matched” group , which may or
may not have been located in the same school system or even the same
geographical region. The NFT group which most nearly matched the PFT students
of a given site along a number of demographic and initial, performance
dimensions was considered the “best match” fo r the latter. For several
PFT sites the same “best matched” NFT group was used. The much smaller
NFT student population total of 1,202 as compared to the PFT student
total of 3,210 resulted. See also preceding footnote.
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Table A—3 -

Unadjusted PFT Output Observations

Sit. S Total Readin g Total Math total Coop.raaith
~~~~~ ,PllS~ Scor.a ,PIIS~ 5c. .s ,pfls*

T3, T2

1 34.33 38.95 38.16

2 24.69 33.89 - 26.02

3 36.41 40.62 - 28.51

4 14.94 37.58 16.19
3 7.81 6.94 5.37
6 12.59 16.85 12.84
7 17.06 16.99 17.82
$ 20.29 30.64 33.16
9 26.13 29.80 26.29
10 46.42 31.59 35.20

— 11 39.80 37.73 30.29
12 37.84 47.85 25.35
13 - 26.48 31.36 26.54
14 10.31 - 10.86 7.47
15 - 14.39 18.30 14.33
16 - 32.94 36.03 35.19
17 17.25 

- 20.80 12.07
18 27.35 35.19 - 20.44
19 41.12 43.80 36.34
20 29.43 - 42.63 23.34
21 37.46 31.02 27.44
22 19.40 23.18 - 16.52
23 39.8$ 47.72 - 38.97
24 25.72 30.11 16.54
25 24.18 23.27 22.43
26 31.62 40.78 - 31.16
27 31.31 38.32 25.03
28 21.00 21.30 18. 30
29 6.31 7.02 6.16
30 11.64 15.26 - 13.6$
31 32.38 ‘ 13.90 14.42
32 4.59 6.16 4.99

- 
- 

— 
33 43.76 46.64 39.10

— 34 32.38 38.35 31.03
35 34.64 43.46 39.22
36 11.52 13.14 - 13.91
37 13.96 19.21 15.30
38 9.91 12.30 7.22
39 30.44 33.33 29.80
40 22.63 25.24 17.13
41 24.41 27.16 25.30
42 23.11 22.67 17.56
43 21.82 31.43 27.34
44 63.92 79.67 ~3.11
43 9.47 11.92 1.15
46 33.94 39.18 34.61

- 
47 29.42 35.10 28.42
48 7.70 11.02 9.02
49 12.17 16.03 15.52

• P115 — Per Hundred Studcnta
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- Table A-4

Unadjusted NFT Output Observations

Site S Total Reading Total Math Total Coop.rs.ith
Scores ,PHS* Score. ,PIiS* Scores ,PS.S~

TI T3 
.

30 39.07 - 42.71 27.67

31 9.96 14.34 9.33

52 45.37 31.38 31.61

33 18.23 22.05 - 17.36

54 59.63 64.41 33.89

33 
- 

24.20 25.21 18.74

- - 56 13.53 
- 

- 17.09 13.61

37 28.39 . 27.65 . 3Q•79

58 21.67 - 26.22 13.66

59 • 120.17 
- 

144.67 $1.39

60 13.15 18.04 13.31

61 6.92 7.10 6.35

62 9.35 9.83 ‘ 7.70

43 13.03 13.40 10.2~
64 18.63 24.45 23.13

65 12.28 13.01 9.89

66 16.81 19.72 - - 15.70 - 
-

67 26.36 28.22 24.46

68 22.85 26.21 28.14
• 69 8.17 8.70 5.12

70 13.69 14.19 ‘ 32.99

— Per Hta~dre d Stud eot i

$ —. — —-- -- .—— .--—~~.-~.--•— .— .. —-—- -----— -——--—---------——- - — ________________________
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Table A—S

Unadjusted PFT Input Observations

Site S !d~acattou Level 0ccupatic~ Parental ‘Visit Co~mseling )Iu.b.r of
of Hother ,PHS~ Indsx,PES* Index ,PHS* Index,PES Teacher.

xl. ~2 12 14 12

1 86.13 16.24 43.21 49.69 9
2 29.26 30.24 41.96 40.65 5
3 43.12 33 .31 38.19 35.03 9
4 24.96 6.14 24.81 25.13 7
5 11.62 

- 
2.2]. 6.85 6.37 4

6 11.88 4.97 18. 73 18.04 4
7 32.64 6,18 28.10 25.45 -7
8 20.79 12.97 54.85 52.07 8
9 34.40 11.04 38.16 42.40 8

10 . 63.74 14.50 49.09 . 42.92 9
11 32.92 11.67 39.48 39.64 5
12 36.00 10.15 37.80 39.52 5
13 39.20 10.80 41.04 41.12 7
14 14.6 2.88 9.64 3.1.14 3
15 4.29 .3.42 21.45 17.27 5
16 27.25 3.4.17 - 56.46 35.26 9
17. 22.63 4.43 15.40 15.00 2
3.8 28.00 7.61 28.73 27.04 9
19 53.56 13.70 53.04 49.85 7
20 23.42 9.05 29.69 31.74 - 4
21 31.57 10.08 - - 39.34 40.37 6
22 16.34 - 

- 3.84 20.89 22.10 4
23 44.28 14.14 36.70 52.27 11
24 19.74 6.43 24.20 25.66 3
25 24.40 8.03 33.42 31.29 7
26 41.40 11.70 44.01 46.35 7
27 27.20 9.38 37.80 31.55 4
28 23.92 7.12 25.58 29.01 3
29 10.62 2.33 10.10 9.09 4
30 12.48 6.14 23.13 22.46 6
31 19.32 3.89 24.01 24.74 6
32 6.30 1.93 7.11 7.68 4
33 46.62 14.65 65.71 57.49 10
34 38.95 32.82 47.02 41.92 9
35 61.60 1,5.56 53.98 50.29 6
36 3L08 6.26 22.18 21.96 - 4
37 19.35 6.68 22.61 23.31 4
38 11.20 - 3.08 9.90 10.06 2
39 34.40 - - 11.61 41.79 41.79 3
40 35.55 6.48 21.69 21.69 6
43. 30.33 9.30 35.50 33.14 S
42 25.44 7.10 26.81 26.23 3
43 26.66 11.43 41.36 44.63 6
44 39.79 22.49 54.77 76.12 U.
43 8.32 3.64 12.92 13.13 2
46 59.78 13.52 48.80 49.69 13
47 39.22 10.06 37.00 31.33 4
48 3.26 3.18 13.12 32.71 5
49 . 7.14 5.29 23.10 1~.06 $

*I,IIS • Per Dundred Students

_ _ _ _ _ _ _ _  _ _ _ _  ~~~~~
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Table A—6

Unadjusted PITT Input Observati ons

Site I Mucation Level Ocenpatl Parental Y1.aic C.imsslia.g Pu.ber of
of Moth.r,PRS~ 1~dSZ.P8S~ Iaden,PIS* Iad.z ,ISS* Teacher.

12 12 12 ~~s ‘5

30 68.16 12.2$ 33.3$ 34.64 15

3-1 11.88 3.39 13.41 13.82 8

52 3~.30 11.53 . 36.73 33.71 6

53 16.20 7.02 26.34 26.30 9

54 82.45 13.32 45.00

33 13.81 . 6.93 23.91 23.61 7

‘ 56 
- 

4.65 5.50 . 20.91 23.39 - 5

37 - 
41.25 8.41 26.23 23.24 10

38 10.44 5.22 17.10 . 18.93 3
- 

- 39 139.63 35.03 3.19.36 130.83 22

60 16.28 4.81 18.20 18.98 3

61 12.06 2.39 8.74 3

62 - 4.20 2.64 9.89 31.25 2

63 19.44 353 - 12.87 13.23 3

44 28.38 8.91 30.95 33.33 1

65 13.50 . 3.61 13.60 12.39 4
S

66 23.32 7.10 24.96 28.56 22

• 67 27.60 9.3$ 32.29 34.01 20

68 31.70 
‘

~~ 10.33 37.67 43.60 - 8

69 4.68 1.83 6.22 5.46 3

70 10.44 4.52 17.13 18.21 9

• P.r Hund r d Stude nts -
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A method called Data Envelop ment Anal ysis (DEA) is used to decompose the
efficiency of Decision Making Units (DMU ’iY mn’to two parts: (1) a component
resulting from man agerial decisions and (2) a component resulting from con-
straints (called programs) under which management operates. The DEA approach ~
accomp lishe s this by enveloping the input-out-ut observations with extrem al
relations deve loped in terms of a specified nonlinear pro grasm~ing model (and!
or its linear progra nsuing equivalent ). Differences between the observations
and the program specific envelopes —--eel-led a envelopes- -- are- (continu ed)f
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imputed to managerial inefficiencies. An inter-program envelope is then
constructed from 2 or more such a-envelopes and used to identify “program”
ineff iciencies , which are the inefficiencies that remain after the previously
determined managerial inefficiencies have been eliminated. Numerical illus-
trations accompanied by suggested tests of a probabilistic/information
theoretic character are provided by means of recently released data from
“Program Follow Through.” Designed as a study of possible ways of reenforcing
or extending Program Head Start - an ongoing pre-school program for disad-
vantaged children - - the Program Follow Through experiment provides data on
agreed upon inputs and outputs for both PIT (Program Follow Through) and . -

matched NIT (Not Follow Through) participants in various parts of the U.S. -

• Only a subset of the variables from the Follow Through experiment are used.
Hence the numerical example utilized here is best regarded as only illustrati$e.

• Although the results are adverse to PIT, the DEA approach also opens new ways j
of profiting from the results of such experiments by examining combinations
of the underlying components. These kinds of possibilities are also described
La this paper. -
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