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/ ABSTRACT A/(f'j’@/

‘k 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 programs) under which management
operates. The DEA approach aquﬁplishés this by enveloping the input-
output observations with exgtremal relations developed in terms of a
specified nonlinear prgg;aﬁiing'yddel (and/or its linear programming
equivalent). Differences between the observations and the program
specific envelopes ->"called aZvaelopes—-are imputed to managerial
inefficiencies. inter-frogram envelope is then constructed from

2 or more such &~envelopes and used to identify "program" inefficiencies,
which are the inefficiencies that remain after the previously determined
managerial 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-school program for
disadvantaged children|-- the Program Follow Through experiment /
provides data on agreed upon inputs and outputs for both PFT (Programv//
Follow Through) and matched NFT (Not Follow Through) participants in
various parts of the U.S. y Only a subset of the variables from

the Follow Through experi;§ht are used. Hence the numerical example
utilized here is best regarded as only illustrative. Although the
results are adverse to PFT, e DEA approach also opens new ways of
profiting from the results of \such experiments by examining combinations
of the underlying components. f'{?ese 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's) 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 E_grioro;eighting choices

and like artifacts}such.:s price imputations from private markets to public
sector activities,-égé%f:; have customarily been employed for evaluating pub-
lic sector activities. i

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
[26]). 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 effiéiéncy from the way the DMU's
operating under these programs avail themselves of these opportunities.

lHlow we proposc to effect these separations from given observations will

be developed in subscquent scctions 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 faili 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 Xy that are shown row by row,

under the columns for DMUl, DMU, and DMM3. (We may also think of these xl,'x

2
values as the requirement per unit output as obtained from empirical data by

2

norming each DMU's inputs by its total output.)

2 is not as efficient as DMU1 and hence cannot be character-

A
ized as being efficient. For reducing x = 3 to x = 2 while holding x, = 2

Evidently DMU

in order to produce DMUz's one unit of output would bring this management into

coincidence with DMU, . ' .
TABLE 1
AN ILLUSTRATION OF
DMU (=MANAGERIAL) EFFICIENCY

DMU
No .
| INPUT ! 3
i j 2 3 4
%, i 2 2 1
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We are assuming, of course, that all inputs and outputs have some ”valne."1

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 X, represents a gain. However, this re-

duction neither uses all of the information of Table 1 (since DHD3 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 ho = rgluryro
3 m
1£1Y4%40

subject to

s
(1 x> tgluryrj s i =l oni, =\, ﬁﬁt;
- m e .
1£1V1%14

U vy >0y t=1, oy 8- dmls Sog, W

13 values, which are all positive constants, represent observed :

amounts of r=1, ..., s outputs and i=1l, ..., m inputs for each of the

The yij’ b3

J=1, ..., n decision making units (DMU's) that constitute a reference set.

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

AT RS

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

The resulting optimization yields a set of objectively determined weightsz'

u, v which generate an optimal 0< h% <1 with hg = 1 if and only if the

thus distinguished DMU is efficient.

}¥ut without specifying their numericadluwagnitudes in advance.

¢ reasons for restricting these weights to positive values are set forth
in the "Corrections” to [10].
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We now apply what was previously said to determine such an ho for um2 in

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

2
well as the constraints so that for this single output case (with yj =]1,for

j =1, 2, 3) we have:

lu
max h = —m——p—
o 3v1 + 2v2
subject to
lu
1l > —r————————
- 2v1 + 2v2
1> 1u
3v1 + 2v2
1> 1lu >

- lov1 + lv2

u, vl, v2 > 0.

As shown in [10] and [23]) the formulation in (1) can be replaced by an
P AL o AL e
ordinary linear programming equivalent for which calculations/\ yield
* % *
u =1, vy = 1/6, v, = 1/3.

This solution evidently satisfies all constraints since

*
u
2. * 2v,." 3
vy o+ 2v, o
*
u
= 6/7
3v*+2v*
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and it provides the optimal functional value with'ho* = 6/7, the same as in the
constraint for j = 2. A

We may observe that this same calculation which established the ineffi-
ciency of DMUZ, also established that DMUl and DMU2 are efficient. They, in
fact, serve as the efficient references for establishing this value of ho* = 6/7
for DMUZ. This means that a suitable convex combination of the data for pHUl
and DMU3 provides an efficient reference point for establishing the efficiency

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

26)-3()-4C)

The supposition is that efficiency requires DMU2 to be on the line (the

dnit'isoquant) generated from all convex combinations of the data for DMUl

and DMU3. To achieve a position on this unit isoquant, however, DMU2 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 &4 to obtain Zﬂé
3(2),2/4 '3 4 v
6\2)" 6 \1 2 /

which means that with these input amounts, an efficient DHU2 would have aug-

mented its output from Yy -1.to-% + g' ; units. In other words, ho* 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., DMU, and DMU, which

1 3

are both cfficient in the above illustration.
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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 bé extended to inter-program effi-
ciency comparisons as well. Before effecting our extensions in these direc-
tions, however, we can usefully conclude the presenﬁ section by emphasizing
that our efficiency measure differs in imporrant 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-
out 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 augmentatioﬂ whereas, in general, such significance cannot be assigned

to the usual indexes of productivity, etcgJ

}ﬁ.g., indexes of Laspeyre or Paasche variety.
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. we may say, generally proceeds by methods such as least-squares regressions or

-7=-

2. ESTIMATION OF PRODUCTION AND EFFICIENCY RELATIONS

The above efficiency comparisons assume certain underlying relatioms 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 extremal 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
cortstatxt.]:3 Note, however, that these pieces are atso 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

The latter,

TICABLY
—/

THIS PAGE IS BEST QUALITY PRAC!
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functions (and related efficiency surfaces) in empirical economics.

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-J

by virtue of the statistical methods employed.

;&his 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, scem
to be pushing beyond the boundaries of what the test data we are using from
Program Follow Through will stand.

}LThis dceficiency is present in almost all of the econometric studies which bave been
directed to issues of energy policy. (For a discussion of other shortcomings

of approaches used in such studies see A. Charnes, W.W. Cooper and A. Schianar

"Transforms and Approximations in Cost and Production Function Relations.™
University of Texas at Austin, Center for Cybernctic Studies, Dec., 1976.)
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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

may be referred to as utilizing a "prediction approach.” This is intended to
suggest that in such approaches one applies statistical regressions£>or simul-

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

|
i

% 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) whiéh are employed.2> 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

gﬁxtensive use of such regression and regression related techniques was made in
the study of Program Follow Through that was conducted by Abt Associates. See
{1} and [2].

ZA discussion may be found in [23] which ranges from critical evaluation of the
one-dependent-variable-at-a-time assumption of standard regression approaches
and includes the limited ability of presently available simultancous estimation
models and related statistical methods for dealing with the large numbers of
variables and relations that are present in the kinds of applications we are
considering.
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to characterize the production functions and related efficiency surfaces which

are prescribed by our underlying theory.j>
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 will 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.cient

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 dérived

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-
Unlike the predic-..

tween the various amounts of inputs and outputs utilized.
(o~ dnre

"tion approaches that we previously describediz_hnuaue;,/:;;'results of such™ ¥
A !

substitutions have been previously adjusted for possible departure from the

efficiency frontiers. J,
Ko,
L S

1A discussion of wavs 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].
25ummers and Wolfe in [30], for example, utilize statistical regression tech-
niques to reassign staff to different duties in order to achieve improvements-in
efficiency. 1In 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 derived, and

hence they differ from the extremal relations estimates we shall be using.

’
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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 péper.i> 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

N
would accompany a 'comprehensive audit."? 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 informatioé)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.

;%he 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].

“Briefly such comprehensive audits extend the usual concept of financial audit
E (e.g., CPA attest audits) to other aspects of management. See [13] and ¥
| [31].

it S v iy

B
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; ) 3. PROGRAM EFFICIENCY AND DATA ENVELOPMENT ANALYSIS

We now want to extend the above ideas to enable 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): 4

\ sea o
max hg = r=1Yr yro
g“ a o

r=1Vi *i0

(2) subject to

[
L]
-
e
i
d‘i

a _a
u, v, >Qem] S sa g, e LS

where o=1, 2, ..., k,respectively, indexes the sets which are of interest. :
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Within each such set we will, of course, have the same efficieucy wea=

= *u *(l
surcuent situation as before == viz,, 0 < ho < 1 with ho = ] if and only if

the DMU being cvaluated relative to the uth set of DMUs {is efiieient. Now,
however, we want to extend these ideas so that we can apply them across
the sets a = 1, 2, ..., k in order to examinc the relative efficiency of ' |
the sets themsclves.

For this comparison, we shall require common outputs and inputs for
the refercnce sets. Then, provisicnally, we may think of this as a compari-
son between each ¢f a = 1, 2, ..., k "technologies" in order to determine their

varying degrees of efficiency for converting common inputs into common outputs.

- Each such technology provides a "boundary" to the set of pro-
duction possibilities under the usual assumptions of cconomic theory. We %
shall be dealing with direct infercences from empirical data, however, and
so we will not be able to assume that all DMUs attain these boundaries,
Furthermore, 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 mest efficient members
of the respective refercnce sets. That is, thése efficient subsets of DMUs
will be used to establish the relative efficiency boundaries which we shall
refer to as "envelopes" in order to emphasize these (and other) departures
from the usual assumptions of cconomic thecory and metnods of empirical inquiry.
Before effecting our across-eavelope comparisons, we shall bring cach
DMU onto the envelope for {ts reference set in the manner set forth in [23].
We shall mainly be concerned with behavior such’as the behavior of educa-
tional {nstiturions in the public scctor =~ where perfectly competitive

market forces are not ovdinarily given free play. Nevertheless, in a roagh
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sort of analogy we may think of these adjusitments as corresponding to that

part of competitive theory in which each MU is forced to become as efff-
.cient as the most efficient of {ts competitors as a condition for survtvalfg
Kote, however, that this is not an assumption in our case since we actually adjust
the observations in this manner. Thus we are able to effect these across-envelope
comparisons on the basis of data which are adjusted so that all DMUs are
as efficient as the most efficient among them., The resulting comparisons
across these envelopes will then be used to rate the respective efficien-
cies of these envelopes.

Naturally, we shall need to utilize analytic methods that enable us
to effect cezparisons between the different distributions of effi-
ciencies both within and across each such set., This will be done by a

variety of methods, including uses of the "divergence” measure of informa-

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 thcory, we are here using that thcory to bring the observations
onto the envelope that serves as the efficiency frontier in each set. Only
after this has been dene are the tests of significance to be applied.

As we shall sce, this apprcach considerably simplifies the kinds of

statistical models and methods that may be cmployed and it opens a variety

of applications for policy evaluations and controls that are not available

jWe shall also refer to our envelopes as "efficiency frontiers" even
though we do not make the usual profit maximizing (incentive) assumption
that the most efficient DMUs always effect the best choice that technology
makes possible. Sece section 5, below.
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frem more customary appwnchcs.’J In any cvent we need to distinguish

this approach which we shall refer to as Data Envelopment Analysis (DEA) and
vhich ve now try to motivate in the following way: Suppose we have two
different programs that night be used in public education. Fach program
has the same (rultiple) output objectives and utilizes the same inputs as,
for instance, in the experiment on Program Follow Through (PFT) that we
shall shortly examine. In deciding whether PFT 1s better than its alterna-
tive, Non Follow Through (NFT), we nced to allow for a variety of possi-

bilities in view of the fact that the obscrvations 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-

uvations. 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 DMU'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 worsc programs that appear to be better
because of management rachier than program capability.
of DEA which we shall emphasize in what follows,but we shall also at least

of theve other possibilitics alony the way,

dndicate vem:_of : 88

!

It is this latter aspect

el e et

2 For a discussion of the meaper results obtatned to date from
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4. PROGRAM FOLLOW THROUGH BACKGROUND

}
We shall illustrate these DEA ideas by reference to a body of datal'that

have recently become available from a very important experiment in U.S. public
primary school education known as Project Follow Through (Pl"’l‘).g\> Before com-
mencing with the specifics of our analysis of the data from the Project Follow
Through experiment, however, we briefly comsider its history and development.
It was conceived in the late 1960's as a Federally spomsored 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 well known Project Head

Statt.3> In fact, a major justification for Follow Through was to supplement

Wby S IW g B Wi wsim e Gty e oy B e Y o RN v R A e ICTY RS SUPRSEPA Y . I I, S,
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 Projéct Officer at the U.S. Office of Education, for sending us
the U.S. Office of Education Reports that are also referenced in [2].

“The study itself is known as Education as Experimentation: A Planned Variation
Model. See the discussi.rs in the U.S. Office of Education reports listed in
2],

3Project Head Start was ccsigned as an early childhood pre-school intervention
program aimed at bringing about significant cognitive amd 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 that special attention in the first few grades would lend reenforcement
to what Project Head Start had previously initiated. Sce the discussions on
PP. 158 - 159 in Vol. IIA of the U.S. Office of Educatiom reports in [2].
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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 "community action
program," going well beyond the classroom in providing for community services

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

psychologicalcounseling service.

The academic portion of Follow Through could be interpreted as a form 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 enthuﬁiastic

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

{
Eghert} writes:

(1)ts design stemmed from the conviction that sufficient im-
proyements could be effected in the institution serving chil-
dren that children's development would be so markedly superior
as to be readily demonstrated on measures of achievement,cog-
nition, self-concept, social maturation, and capacity to function
independently. Follow Through's design was born also from the
coaviction that unless such substaatial differcnces were rmani-
fest, the really massive increases in spending that would be
required could not be justified. In view of the results reported
by Miller,Eagelman,Cordon, and others in the January,1968
meetings of prospective sponsors, this conviction did not seem
unrealistic, assuming that prograns developed in small scale
settings could be izplemented on a larger scale in a nucber of

communities.

1)
7/See, e.g., Stanford Rescarch Institute (SRI) [29], pp.2-3.

el
“Quoted in [1] pp.A=7 and A-8.

e —————————————. .
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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
AN
million dollars.;’ This reduction in funding caused a rethinking in which

the proposed massive application was converted into an "experimenal study"

with the latter to be executed in an approach reférred to as "planned variation."

The idea was to utilize an experirental design appreach or at
least as much of an approximation to these canons of classical statistics

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

policy.. Nevertheless, within these linmits of the "planned variation

model", the enacted Follew Through Program was to be formulated around

a collcgtjan of specifically identified approaches to treating the

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

Academic Funding :r; i"
¢
Year (19-) g§106z ,;;E
67 - 68 3.75 - !
68 - 69 11.25 - |
69 - 70 32.00 -
70 - 71 70.30 &
71-72 69.00 v
72 - 73 63.06
73 - 74 50.62
74 - 15 52.85
75 - 76 55.42
16 - 77 -29.00

Total 467.25

Source: p. 21 in W. Haney, The Follow Through Planned Variation Experiment,

Vol. 5; The Follow Through Evaluation: A Tcchunical Uistorv, prepared for the
Office of Planning, Budgeting and Evaluation of the U.S. Education Department i
of HEW by The Huron Tunstitute, Cambridge, Massachusetts, August, 1977. '

0

7This is, of course, only a recognition of the particular susceptibility of
cducation, and especially education in the early grades, to emotions, pressures
and other impediceuty to purely scientific studies.
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compensatory education problems of disadvantaged children. These
program variations were each associated with "sponsors" (e.g..sponsots
headquartered at local universities or research institutes) who were
to (1) provide the basic form and content of one particular "planned
variation"and (2) work with designated local school districts in
izplementing the indicated variatioa. See Tables A-1 and A-2 in the Appendix.
Conformance with the above conditions was to be a requirement for
Federal funding (and related resoufce advantnges) and, further, this
was extended to a directive that each school district supply a Non-
Follow Througl as well as a Follow Through candidate group. Naturally,
allcvance wacs made for periodic reports and analyses to facilitate
study of these various prograns, 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 challenge, 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.9

1Scc'. [L] and [2] for a detailed treatment of the various Follow Through
sponsor performances.
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An;thgt difficulty arises in that Follow Through provided a variety

of social as «ell as educational services to the community. In fact,
‘because of its original tie to the Community Action Program (CAP) arm
of OEO (the U. S. Office of Economic Opportunity), the following four

cormunity services were mandated, in varying degrees, for all of the

Follow Through Programs:

(1) Medical and dental services
(2) Nutritional prograuns j :
(3) Social service programs

(4) Guicance 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 nonacademic activities of the Follow Through programs. Thus,
we ,1ike the other analysts, will sinply 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
among programs of its size in that all of the sites administered the

gsame 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 NFT

sites, were selected to obtain matched co:zparison sets of supposedly

comparable students. The PFT results could thereby be

matched to ccmparable control populations rather than being confined

only to cormparisons with some supposedly gseneral agsregate national

norm. While this matching was not completely carried out in

all detail , it at lecast provides a better basis than most of the
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other quasi-experimental designsl/of "planned variation" genres in

educational policy.

5. SELECTION OF VARIABLES

In our opening section, we indicated somé 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 NFT. 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
PFT-NFT comparisons.

Since we want to focus on the concepts and adjustment methodologies

;bf., e.g., Campbell and Stanley [6]
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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 PFT. 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-PFT recommendation
was warranted.g'The fact that our study is not favorable to PFT compared to
NFT means that strong effects in other dimensions are needed to compensate

for this.

;hctually the separation between PFT and NFT is not as complete as might be
desired. For one thing, other Title I experiments might have been underway
in some of the NFT components and possible contaminating effects could also
emerge from even social interchanges between NFT and PFT participants. See
pp. 13 £f£. in Vol. II-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 nceds to be

considered. Although we select and discuss the output and input variables one
at a time we need to emphasize 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.]-'j

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 regressionsa or (b) scalarize all of the outputs by weighting
them e.g., relative to assumed costs and benefits, which are assigned
a priori to secure one overall regression.%) 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
same time we are using the duality relatioms of linear programming to

effect the necessary adjustment for efficiency.ﬂ

1='Lee R0 and (23] for further discussion including the possible uses of
these coefficients for tradeoff analyses, etc., which we do not discuss
further in the present article.

2
—JSee pp. 72 ff. in U.S. Office of Education Vol. II-C in [2].

;k 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 th« extremal relations involved in securing the wanted
efficiency ratings in any case.

4 . . :
~Yee the discessions in [10] and [23].

ENCRITSUPTSVERTI L .
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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 II-K =--
which is one of a set of two longitudinal cohorts treated by Abt Associates
in [ 1]. u Our choice was dictated by a variety of
considerationsgz such as the non-availability of complete Cohort III and IVQJ
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 individual DMU lével that is needed for the

DEA procedures.

ey

From a set of 1l output measures, three were selected for
this study which we associate with their variable characterizations as
follows:

ylz 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 well. 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
admittedly not developed. However, faced with
the absence of a viable alternative testing mechanism,
the MAT was employed.

yzz Total Mathematics Score on the MAT. This is a measure of
a child's quantitative skill ability. This test is
identical to the MAT Reading Test in its manner of
administration and vulnerability to criticisms

. as a standardized test.4] It attempts to measure

4 several aspects of a child's quantitative skills

y make-up such as mathematics computation ability, knowl-

edge of mathematical concepts and problem solving ability.

1
f&he results in [2] were released only after the study we are reporting
here was concluded.

9
7See 231 for further discussion.

3)Cohorc IV data are still not available.

4 %
YSee pp. 38 ff. in U.S. Office of Education Vol. IT-A [2].
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y3: Coopersmith Self-Esteem Inventory. This is a measure
of a dimension of noncognitive 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 about 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-
resentative indicatorof 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 noncognitive measure. For our purposes such a grour will be
sufficient in that (a) the outcomes supposedly measured by these variables are
important in their own right and (b) they help to illustrate some of the diffi-
culties that might be encountered in endeavors to weight these and other such

educational outputs in any a priori manner.
Following these same criteria we also briefly describe our selec-

1\

tion of 5 input variables (from a set of 25) in the following manner?-

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.

Xyt Highest occupation of a family member. This again is an
important non-school input. The highest occupation measure
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

\
1Sce Abt (1) for a detailed description of the variables and their role
in the original project.




propertiecs 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.

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.

]
w

Parental counseling index. Also called the parent-child
this is a measure of the amount of

x
¢ interaction index,
time spent by parents in interacting with the child on

school related (cognitive and skill acquisition) topics --
e.g., as in reading together.

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 time and attention that the site (school)was willing

to devote to the program.

Regarding the actual recording methods employed for the data on these

]
w

variables we here note that for each site we obtain a vector of input and out-
put variable observations%' 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 PFT

—

and NFT, respectively, while Tables A-5 and A-6 contairc the input data for PFT

and NFT with respect to the variables we are using. é?
©
&9
35
53
35
\ :33 3
1Data quality and completness, along with methods of cecllection and valida- n g
tion are discussed in [1) and [2]. See also pp. 42 ff. in U.S. Office of ‘; =
Fducatiasn Voi. TT-A (2]. <)
2 o
‘he total magnitudes represent the mean values of outputs and inputs =]
multiplicd by the total number of students per site,where the measurement a
unit per student is bundred students. Note there is one exception to this
routine, nanmely, g number of teachers, where the original study information
was alvcady provided in total site magnitude form. Tables A=l through A-4
i

list the total measurements on the three outputs and five input variables

for both PFT aud NittT.
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6. DMU AND MANAGEMENT DECISION-MAKING EFFICIENCY

Other approaches to efficiency evaluvation in
education have also been conducted in ways that are related to ours.-]-J These
have been concerned only with estimating or detecting inefficiencies in a col-
lection of DMU's or with identifying organizations or programs where such
1nefficiencies-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

i
specific remedies or correctives:zj Thus, ‘we do not regard our analysis as !

causal, at least for the purposes being considered in this paper. Il.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:gl 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

-lgee, e.g., [7], [19] and [24].

-zThis may be thought of in terms of a rough analogy to statistical quality
l control procedures where observations or estimates that exceed control

b 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.

j 'jSee, e.g., H.A. Simon [27].

|
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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 NFT. In each case we first effect our efficiency evaluations
relative to members of the same set. That is, we distinguish an a=1 set
for the DMU's in PFT and an a =2 set for the DMU's in NFT. In each case
the efficient members of the set generate an efficiency frontier, or
"envelope," which represents the boundary of the production possibilities
(@s indicated by the observations)in each case. See the discussion at the
end of the next section.

We shall refer to these as "o-envelopes" which we may also
specialize to an "a=l-envelope" and an "a=2-envelope" and, on occasion,
we will replace these by references to the PFT and NFT envelopes, respectively.
After these envelopes have been derived we shall then generate a further
envelope that we shall refer to as an "inter-program emvelope" or, more

briefly, an "inter-envelope." This latter will then be used as a reference

e e e

for judging the 'pbrogram efficiencied' of PFT and NFT after first
bringing all DMU's onto their respective a-envelopes (ir order to eliminate
inefficiencies resulting from managerial inefficiencies in the observation
A for any DMU.)

To initiate this process we refer to Table2, below, which
shows the results of the program specific applications of (2) for
a.= 1 (PFT) and a=2 (NFT), respectively. We refer to these as
"managerial" efficiency calculations on the supposition that
these DMU's are referenced only to others that share the same program
constraints. Hence the observed variatioms are ascribed to
variations in individual DMU (managerial) decision—making;Lithin each of

PFT or NFT . In Table 2 the "h:a " values which are egqual to "1" are for

DMU's which arc on the efficiency frontier, i.e., on the "@-envelope." All

llncluding technological and organizational choices perhaps imposed by past
mnagers and henee bevend current managerial coutrol but which nevertheless
affect the way present decisions are made.

.
i
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Table 2

PFT and NFT Program Specific a-Envelope Efficiency Values

%1 2

PFT ho NFT ho

Site # Efficiency Value Site # Efficiency Value
10 1.00 -+ S-0%
g ::32 52+ 1.00
2 i 53 0.87
s i sS4+ . 1.00
2 = 55% 1.00
- - 56 1.00
: " 57 0.92
: g~ sge 1.00
L . 59 0.92

41 3409 60 0.98

2 g':; 61 .88

. 62+ 1.00

13 0.86 i 25

14 0.98 o 2

16 0.95 o 4

11. 1. 00 E: ‘3. %

18¢ 1.00 o< o5

19 0.95 - 1.00

20+ 1.00 . 70 e

21+ 1.00

22+ 1.00 ¥

23 0.96

24* 1.00 .

25 0.97

26 0.93

27¢ 1.00

28 0.94

29 0.84

30 0.90

31 : 0.83

32 0.90

33 0.94

34 0.85

35 1.00

36 0.80

37 0.94

k1] 0.94

39 ' 0.91

10* . 1.00

4 0.94

@ 0.94

43 - 0.87

44 1.00

4 0.89

r 0.90

47* 1.00

a8* 1.00

49 1.00

* Denotes a site with an efficiency value of "1"
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other "h:a"< 1l are contained within the boundaries of their respective

" a- envelope" and are thus less efficient.

[ Insert Table 2] 2
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Having 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 PFT
versus an NFT site being on their respective 'b--envelopes." In other
words, ;e seek a comparison of the proba>ility of a PFT versus an NFT site
having an efficiency value of 1.0 relative to its own 0 -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 ( = DMU) efficiencies by reference to
their respective hga 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.

Lopiadt it ’ £l lague. 8 el -2 s L T N e
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Our first measurement is addressed to the probabilistic question
that we have just now formulated. To treat this'questiou, we simply
consider the ratio of the number of DMU's from a given & reference set
which are on their respective envelopes -- i.e., have h:a 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 = "l-envelope" is

Plavt) = eV =17 = 51
wr s Uley A vy

where m_(1) is the number of PFT DMU's with h:l values of 1.0 and m(1)

is the number of DMU's in PFT. For NFT this probability is

n,2) . g = 56
m () 21 147

P(a=2) =

where m(2) refers to the total number of DMU's in NFT and me(2) refers

to the number on the efficiency fromntier.

Proceeding now in a somewhat informal manner, we can see that
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the managers in the two programs, PFT and NFT, have about an equal likelihood

of being on their respective program referenced efficiency fronmtiers.

The differences between P(a=1) and P(a=2) are not statistically significant

so that an implication of the above results is that both PFT and NFT
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 PFT as in NFT 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 DMU's in PFT and NFT 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 check 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 PFT mean efficiency as

! T*2

Y o = 0.938.

= 0.946 and an NFT mean efficiency value as

Thus, NFT 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 observatiomns, but do not assume that the two population
variances are the same. Hence, recourse is to'the so-called Behrens-Fisher

|
stacisl:i.c--L for which we obtain

tl,z a0 "0-26603

;Lc actually used Cochran's approximation formula as given on p. 115 of [25].
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by reference to data of Table2. At the0.05 level this is not significant
and so we do not reject the nu.il hypothesis that PFT and NFT pools do not i
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 I
observations pdrtrayed in Figure 1. Here we are supposing two sets of :
DMU's which have similar outputs and inputs. All outputs and inputs are i
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. i

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 minimpum, 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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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 wembers
of the reference set.

2. Incentive conditions: The most efficient firms (DMU's) will
move to the frontiers that technnlogy makes
possible.

Sans condition twol{ the pressure conditions allow only
for measures of relative efficiency. Tests of hypotheses and resulting
efficiency evaluations and/or adjustments need to be interpreted accorcingly

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

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

now employ we shall be submitting our PFT~NFT observations to a procedure

5 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.

chtually 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 observations.

——

S or e - —————— .
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7. THE INT.i. ENVELOPE AND PROGRAM 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 NFT 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 different DMU's in PFT and NFT, repectively.

The a-envelopes for PFT and NFT now corresponé to the so-called

"unit !soquant.'d! These envelopes (or isoquants) are determined by applying

R —— —————

the linear programm'ng equivalent of (2) to the observations for a= 1 and o= 2

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

h:l <1 since these are not on the PFT o-envelope for which the values
} h:l =1 apply. Similarly, points such as B and C have values of
: *2

h <1 determined relative to the NFT -envelope.

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

these envelopes we may find, as in Figure 2, that the PFT a-envelope is more

efficient over some ranges and the NFT o-~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.

léee the discussion in section 1.
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First we utilize the procedures described in [10] to bring all of the
observations onto their respective a-envelopes. Then
we construct an inter-envelope that will enable us to compare the resulting
clusters of DMU's on the assumption that they aré 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 common envel&pe which is always at least as efficient as any of the
a -envelopes -- as witness the "inter-envelope'" portrayed in Figure 2.;J

To make the above instructions ﬁore concrete we now replace (2)
with the following formulation for effecting the inter-envelope efficiency

determinations.

1
u vy A 2
(3) 1 > r-l r r R j 1’ ooy ml

and

i gl

1> r=1 Yr ytj s o o mz

A

. 2
. 1% Yy %y

. 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=1 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 thc more gen-
eral concept of a production possibility set. Sce [10). Also, we shall continue (in this
same spirit) as though we arc concerned with resource conservation possibilities.Actually
many of our inputs are fixed, outside the realm of managerial discretion,and so onc
might more properly speak of output augmentations rather than input reductions along the
lines that are also indicated in [10].Sce also the discussion following (1) in section 1.
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The DMUO being rated in (3) can come from either c = 1 or a = 2.

!
!
|
!
{
i

The fact that a DMU is efficient under either of these programs,
however, does not necessarily produce an hg = ] for this DMU. Failure to fj
achieve this rating, however, is assumed to be due to the program constraint
under which this DMU was operating when the adjustﬁents from "2 and
xij to ;ro and ;13 were effected. In other words, an h: < 1 is now
attributed to the program rather than the DMU being evaluated in each case.

6. AN INFORMATION THEORETIC TEST OF PROGRAM EFFICIENCY

The indicated application of (3) yields the h: values shown in

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

T

we undertook for effecting efficiency comparison between DMU's operating under

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

our program comparisons should really be effected relative to the clusters

b’ o i o 8 il

| of managers operating under each program. In short, we would like to
3 “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 [19])refers to as a measure of "divergence.";} This measure is |
i; defined as é
(4) J (fl, fz) L (flz fz) +1I (fZ: fl)

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

2

”ﬂSee Kullback [21] p.190 gfr 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(f: £, = Jf (x) log f1 ® 4
f (x)
(4.1)

I (f

.o

1 ) = jfz (x) 1log 2 (x) dx

x)
when the densities are continuous. Inserting these two expressions
in (4) produces

£ (x)
(4.2) J o Ly = (f (x) -'£ (x)) o 1" &
l 2 J‘ £, f,(x)

which shows that J is a measure of the "difference" between these two
densities.

Actually J (f £ ) has most of the properties of a distance
function.-g Each of the terms in the sum defining (4) is nonnegative and

so,

(5.1) J(fl’ fz) 20, with J (fl’ f2) = 0 if and only f1 - f2

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) J (fl, f2) =]J (fZ’ fl).

—

The only property that J lacks is the so-called "triangle property,"

viz., we cannot guarantee that

(5.3) J(£), £) SI(EL, £) + J(E, £5).

1

l&ee Appendix A in Charncs and Cooper [8] , pp. 154-156 for a treatment
of the three defining propertics for a metric distance function.
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That is, we may have

Gh) M. €) 2 EEL 1) & M2

Statistically speaking this means that the divergence between fl and f3
may be significant even though the sum of the divergence between (fl, fz)
and (fz, f3) is not statistically significant. In other words, we cannot
rely on the results of the latter to tes£ 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 NFT relative to the "inter"
frontier. That is, we consider both PFT and NFT estimated program efficency
values with respect to the hypothesized frontier values of ho*a = 1.
Toﬁard this end we need only apply what Kullback refers to as the
"directed divergence" -- viz., I(flzfz) is one such directed divergence
in (4.1) and I(fzzfl) is the other. The former, we may say, measures
the divergence between f1 and fz from the standpoint of fl and the latter
measures it from the standpoint of fz. 0f course, these measures will

v

In our case we are using the "inter" envelope as the common

not, in general, be the same.

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.

\

l?or other references that involve new and somewhat surprising uses of
these so-called "Kullback-Liebler" statistics sece [9] and [25]. See
especially the further references to the impcrtant articles by Akaike that
are also cited in [9] and [25]. See also [13] for a further extcnsion
that discusses recentlv develoned dualitv relations for constrained
Khinchin-Kullback~Leibler estimates.
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Table 3 |
I |
| §
Inter-Envelope Efficiency Values |
* & |
PFT hg NFT hg |
|
: Site # Efficiency Value Site # Efficiency Value
1 0.92 S0+ 1.00
2t 1.00 51+ 1.00
3 0.94 52+ 1.00
4* 1.00 53¢ 1.00
S 0.93 S4* 1.00
6t 1.00 55 0.99
7 0.99 56+ 1.00
8* 1.00 57+ 1.00°
9 0.98 58¢ 1.00
10 0.92 59+ 1.00
11+ 1.00 60 1.00
12+ 1.00 61* 2 1.00
13 0.99 62¢% 1.00
14 0.95 63* 1.00
15+ . 1.00 64* 1.00
16* 3 l.00 65* 1.00
: 17+ 1.00 66* 1.00
i 18+ 1.00 67 ; 1.00
i 19 0.99 : . 68 0.99
{ 20* 1.00 : €9t 1.00 °
4 21+ 1.00 70 1.00 : 3
22* 1.00 A
i 23 0.99
24* 1.00
} 25¢ 1.00 3
: 26 0.99
27* 1.00 %
28* 1.00
29 0.99
30* 1.00
3 0.99 i
32+ 1.00
. a3 0.99
34 0.98 !
; 35¢ 1.C0
: 36+ 1.00
; 37 0.94
| 38 0.99 p
i 39+ 1.00
! 40 0.95
1 41 0.99
i 42 1.00
¢ 43 0.99
1 44 1.00
z 45 0.99
] 46 1.00
" ‘7. 1.00
4 48¢ 1.00
49* 1.00

*Denotes a site with an efficiency value of "1°

ot e ik St




—

i 5 S

i SV ok e L AT A T e

S ity vk S

PP T T

we obtain

I (£:6) = 2.40226 x 1074

(6) and

I (fy: 6) = 0.03684 x 1074

1
where f1 = fl (hg) and f2 =f, (hg) represent the distributions portrayed
for PFT and NFT, respectively, and
6§ =1 for h# = 1
€)) § (h%) gives
?6

=0 for hg <Y .

;

Our comparison is with the degenerate distribution for which all h§=1 so that
also C(hg) =1. In this case directed divergence, therefore, reduces to the entropy
measure of "disorder," or, alternatively, "divergence" from the situation
in which all hgal -- 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, referring to the directed divergences

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

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

for f2 and hence has a greater divergence value than fz. No significance test
will reverse this sign difference and hence we now conclude that our evidence
is to the effect that PFT has not demonstrated 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.q‘

“See [l1] for a detailed discussion of these kinds of statistical distributions.

N

g‘rhe statistic for I. which is the so-called "Kullback-Leibler" statistic is
asvmptomatically distributed as xz under a reasonably broad class of conditions.
llence recourse may be had to this property when significance tests are wanted.
Sce Kullback [21].

;In a general way this agrees with the findings -- but without the numerous

qualifications and cexceptions == described on pp. 158 ff. of U.S. Office of
Education Vol. IIA [2].
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'iﬁee, e.g., Gray [17].

2See Appendix A in [7] which shows how to obtain the distance from a point to a

el

'Of course, our PFT-NFT 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 DMU's on each a-envelope.l\
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. Furthermore, the direction
numbers (and hence the direction cosines)ix 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

PFT-NFT possibilities.

N\

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 a-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 PFT and NFT elements.

SUMMARY AND 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




kb~

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 applicableJJ The point to be&r 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.%J

Where these conditions are met there is still an interest in

resource conservation, on the presumption that released resources are of

usé 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 formulationms.

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 fl and f2 with the further possibilities that

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

}éee [10] for further discussion.
Ehn the terminology of the U.S. General Accounting Office we are here concerned

with cfficicency (including economy) and not "effectiveness" and/or "propricty."
See [l4] and [31].

e
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have been done as easily or directly by comparing f1 and fz. via, e.g.,
I(fl. fz), 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 opportunities

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

vresent. The fact of their presence is also not decisive unless controls
or other alterations can be specified (e.g., by program audits of GAO

.ariety)¥]co ensure that the indicated improvement possibilities will

be forthcoming .

}JOr by suitablt extended versions of such audits to allow for inter-
program comparisons and evaluations. See Churchill, et.al. [14].

e
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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:}l

The only relevant test of the validity

of a hypothesis is comparison of its i

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.

;¥rom (18], pp. 8-9.
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Table A-l 4

FOLLOW THROUGH AFPROACHES AND ASSOCIATED SPONSORS INCLUDED
IN DATA ENVELOPMENT ANALYSIS STUDY

Approach and Sponsor Number of PFT Sites Number of NFT Sites
" RESPONSIVE EDUCATION PROGRAM
Far West Laboratory for Educational Research 7 J

and Development

TUSCON EARLY EDUCATION MODEL (TEEM) 2
.Arizouna Center for Early Childhood Education 4 2

| BANK STREET COLLEGE OF EDUCATION APPROACH
; Bank Street College of Education s . 3

DIRECT INSTRUCTION MODEL (DIM) 5
University of Oregou =College of Education S 3

e

BEHAVIOR ANALYSIS APPROACH (BA) B
Support and Development Center for 6 1
Follow Through - University of Kansas

COGNITIVELY ORIENTED CURRICULUM MODEL
‘Bigh/Scope Educational Research Foundation 3 -

FLORIDA PARENT EDUCATION MODEL
University of Florida 4 3

EDC OPEN EDUCATION FOLLOW TEROUGH PROGRAM ;
Education Development Center 2 ; -

SELF-SPONSORED - New York City,NY
i SELP-SPONSORED - Philadelphia , PA
f SELF-SPONSORED - Detroit, MICH
SELP-SPONSORED - Portland,OR
A { SELF-SPONSORED - San Diego, CA

[T

INTERDEPENDENT LEARNING MODEL (ILM) :
New York University - Institute for 1 a8 -
& Developmental Studies

3 LANGUAGE DEVELOPMENT (BILINGUAL) EDUCATION APPROACH
- Southwest Educational Development 2 1
Laboratory (SEDL)

HOME~SCHOOL PARTNERSHIP: A MOTIVATIONAL APPROACH

Southern University and ASM College - 1 -
CALIFORNIA PROCESS MODEL
California State Department of & -
Education-Division of Cozpensatory Education .
Total Number of Sites 49 21
=== ==

3 Source: Abt [2], p.A-18




Site Level Distribution of DEA Study Sample

Table A-2

.

PRt xet Model snd Site fegton! City sizel rrrd !
Stte / Site ¢ Name Studeas Pop. Studvat Pup.
Responsive Education Model
1 30 Berkeley,CA v Hedtlua City (1] n
2 s1 Daffalo,NY " large City n 27
3 82 Duluth, My ¥ Medium Cicy n 4]
4 33 Freano,CA v Madtus City ol 34
s 34 Lebanon,XH s Rural Ares 14 ”
¢ 33 Salt Lake,UT N Yedium City 3% 51
? L) Tacoms,VA v Mediwa City s1 «Q
TEEX Model
[ ] Baltimore,MD ] Large Cicy » -~
[ ] N3 X2 Soall City 80 =
10 ? Lincoin,N3 BC Mediua City 9% 55
n 8 Wichite XS ¥C large Cicy 8 3%
Bank Screet Model [
12 39 Nev York,NY 13 large Cicy 72 245
13 60 Philadelphia,PA SE Latge City 80 3
p LY Brattleboro,\T 1 Small Ciey 20 -
13 61 Fall River,MA sE Madia City 39 18
16 ¥ilatngton,DE s Mediua City 109 -
DIM Model
12 ¥ev York,NY 1.3 large Cicy an -
18 62 E.St. louis,IL [ Large Cicty 6 21
19 Grand Rapids ML {4 Mediun City 103 -
20 (3] Racine,¥Wl EC Medius Cicy . 62 27
a “ TNdiae, M Mediuva City n” 86
BA Model
2 New York,NY e Large Cicy 43 -
3 s Philadelphia,PA 13 Large Cicy 108 22
24 Portageville,M0 RC Rural Ares 47 -
23 Ransas City,M0 &C Lerge City 61 -
26 louisville,KY s Lsrge Cicy- 90 -
2 Meridian,lL xC Rural Ares 68 -
Cogaitive Curriculum Model
28 Nev York ,NY e Large City s2 -
29 Chicago,IL uc Large City 18 -
0 Okalooss Co.,FL $ Small Cicy 48 -
Pareat Education Model
n Philadelphia,PA e Large City 46 -
32 66 Jacksonville,FL H Large City 15 s3
n 67 Richaond,VA ] Large City m 69
% 68 Bouston,TX s Large Cicy 95 7
E0C Model |
3 Philadelphia,PA NE Large Cicy nu2 -
3% Paterson,NJ XE Mediwa Cicy 42 -
- Self-Sponsored Model
» Detcrolt X1 large City [} ] -
38 69’ New York,NY ¥E Large City 20 13
39 Philadelphia,PA e Large Cicy 86 -
40 Portland,OR v Large Cicy 45 -
13 San Diego,CA L} Large City n -
UM Model
42 Kev York,NY ¥E Large Cicy 3 -
SEDL rodel
& 1 Philadelphia,PA NE Large City 86 %
44 Tulare,CA . v Saall Cicy 173 -
Home=School Partnership Model
4 Kev York ,NY 114 Large City 26 -
Celifornis Procese Model
L1 Los Anzelen,CA v Large City * -
(%) Ravenswoud ,CA v Small Ciry 14 -
11 Lamont ,CA W Rurel Area t34 -
(1] San Jose ,CA v Lerge Clty 2 -
t Pep. 3210
® Poulrd Cltyvtde SIT Populetion Figure for i nchosesigbiial® - sl

New Yurk Ciey

(Footnotes continued

on next page)
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Table A-2
(continued)

NE = North Eastern United States
S = Southern United States

NC = North Central United States
W = Western United States

zLarge_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

3All Data Envelopment Analysis study information refers to the Cohort II-K

student population. II-K indicates that this group 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 from 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 dimensions, some of the Cohort II-K PFT sites were not included

in the DEA study. Specifically, Bank Street Model: Rochester,N.) site;

EDC Model: Chicago,IL site; and SEDL Model: St. Martin Parish,lLs site

were excluded from the DEA study student populatiom. The actual Cohort II-K
PFT population 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

NFT groups which were similarly reduced to 1,202 students.

Two sets of NFT 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" for 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.




Table A-3
Unadjusted PFT Qutput Observations - :
3
4
Site Total Reading Total Math Total Coopersmith
Scores,PliS* Scores,PlS* Scores,PlS* : ; 4
{
'1 'z - '3 f 1
1 54.53 58.98 38.16 4
2 264,69 331.89. : 26.02 |
3 36.41 40.62 g 28.51 |
4 14.94 17.58 16.19 |
5 7.81 6.94 5.37 :
g 6 12.59 16.85 12.84 {
| ? 17.06 16.99 17.82
i s 20.29 30.64 33.16
| 9 26.13 29.80 26.29 |
‘ 10 46.42 51.59 35.20 ]
- 1 39.80 Dy 30.29 ‘
12 37.84 47.85 25.35
3 13 - 26,48 31.36 26.54
i 14 10.31 _ 10.86 7.47
i 1s 14,39 18.30 14.33
g 16 32,9 36.03 38.19
17 17.25 ; 20.80 12.07 |
18 27.55 38.19 : * 20.44 {
19 41.12 43,80 36.54 ~
20 29.43 . 42,63 23.34
21 37.46 51.02 27.44
22 19.40 25.18 : : 16.52
23 39.88 42.72 38.97
24 25,72 30.81 16.54
25 24.88 25.27 22.43
26 31.62 40.78 . 31,16 »
. 27 31.31 38,32 25,03 .
28 21.00 21.30 18,30 '-
; 29 6.51 7.02 6.16
; 30 11,64 15.26 ; 15.68
y n 12.58 3 15.90 1,42 ¥ ]
4 32 4.59 .16 4,99
3 - 5 43.76 46.64 39.10
3 3% 32,38 38.55 31.05
j 3s 34.66 45.46 , 39.22
‘3 “ 11.52 13.“ u.’l .
¥ 3 15.96 19.21 15.30
3 38 9.91 12.30 7.22
'3 39 30.44 33.53 29.80
! 40 22,63 25.24 17.15
? 4 24.41 27.16 25.30
1 42 23.11 22.67 17.56
§ 43 21.82 31.45 27.54
&4 63.92 79.67 6.1
i 43 9.47 11.92 8.85
i 46 33,9 39.18 %.61
! « 29.42 35.10 28.42
; 48 7.70 11.02 9.02
i 49 12,17 16.03 15.82
g |
! # PIS = Per Hundred Students
|
g
|
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Unadjusted NFT Output Observations

Site # Total Reading
Scores,PHS*
L
S0 39.07
s1 9.96
52 45.37
53 18,23
54 . 59.63
S5 : h 24,20
56 -+ 13,53
57 28,39
58 21.67
59 * 120,17
60 15.15 .
61 6.92
62 9.35
63 13.03
64 18.63
65 12,28
66 16,81
67 26,36
68 i 22,85
69 .8.17
(] 13,69

#PAS = Per Hundred Studeats

il LA 00 o S e

Table A-4

Total Math
Scores,PHS*

%

2.1
2.3
51.38
22,05
64,41
28.21
17.09
.22.65
26.22
144,67
18.04
7.20
s.85
13,40
24.48
13.01
19.72
28.22
26.21
8.70
4.9

Total Coopersmith
Scores ,PHS*

i
|
i
i
5
g
§
!
|
|
E
E
E.
i
E
§



Table A-5

Unadjusted PFT Input Observations

Site ¢ Educaticn level Occupation

of Mother,PHS* Index,PHS*
5, %
1 86.13 16.24
2 29,26 10.24
3 43,12 1.1
4 24,96 6.14
S 11.62 2.21
6 11.88 $.97
7 32,64 6,88
8 20.79 12,97
9 34.40 11,04
10 . 61.74 14,50
n 52.92 11.67
12 36,00 10.15
13 39.20 10.80
14 14.6 2.88
15 4.29 5.42
16 27.25 14,17
17. 22.63 4.43
18 28.00 7.61
19 §3.56 13.70
.20 25.42 9.05
21 31.57 10.08
22 16.34 © 5,84
23 44,28 14.14
24 19.74 6,43
25 24.40 8.05
26 41.40 11.70
27 27.20 9.38
28 23.92 7.12
% 29 10.62 2.55
30 12.48 6.14
3 19.32 5.89
32 6.30 1.93
33 46.62 14.65
34 38.95 12.82
35 61.60 15.56
36 31.08 6.26
37 19.35 6.68
38 11.20 3.08
39 34,40 G, 11.81
40 35.55 6.48
41 30.53 9.30
42 25.44 7.10
43 26.66 11.43
44 39.79 22,49
45 8.32 3.64
46 59.78 13.52
47 39.22 10.06
48 3.2% 3.18
49 7.14 5.29

#PHS = Per Hundred Students

Parental Visit
Index,PHS*

!3

48.21
41.96
38.19
24.81

6.85
18.73
28.10
54.85
38.16
49.09
39.48
37.80
41.04

9.64
21.45
56.46
15.40
28.73
33.04
29,69
39.34
20.89
56.70
24.20
33.42
44.01
37.80
25.58
10.10
23.13
24,01

.1
65.71
47.02
53.98
22,18
22,61

9.90
41,79
21.69
35.50
26.81
41.36
84.77
12,92
48.80
37.00
13.12
23.10

Counseling
Index,PHS

X,

49.69
40.65
”.o’
25.15

6.37
u.o‘
25.45
52.07
42.40
4£2.92
39.64
39.52
‘1."
11.14
17.27
55.26
15.00
27.04
49.85
31.74
40.57
22.10
52,27
25.66
31.29
46.35
31.55
29.01

9.09
22,46
24.74

7.68
57.49

- 48.92

50.29
21.96
23.31
10.06
41.79
21,69
35.14
26.23
44.63
76.12
13.13
49.69
38.33
2.1
19.06

Number of
Teachers

Xy

[ ’




Table A-6

Unadjusted NFT Input Observations :

Site § Education Level Occupstion Parental Visic Counseling Number of

b of Mother,PHS* Index,Pus* Index,PHS* Index,PHS* Teachers
|
! 5 5 z, z, # I
s0 68.16 12.28 33,58 34.64 15
i 51 11.88 3.59 13.4 13.82 5 1
s2 55.30 1.53 . 36.73 3s.78 6 - !
53 16.20 7.02 26,94 26.30 )
54 g2.45 15.52 .00 4423 13
35 15.8 . 6.93 23.9 23.61 7 ]
. 4.65° T 5.0 - 20.91 23.39 s
) aLas 8.0 26.23 25.24 10 1
i s 10,44 s.22 17.10 5 18.93 S
! 59 139.65 35.03 119.56 130.83 ‘2
60 16.28 “a 18.20 18.98 s ‘
6 12.06 2.59 8.7 : 8.17 s |
62 . 4.20 2.64 9.89 1n.2s 2 |
| 63 19.44 3.83 : 12,67 T 13.23 s
B 64 28,38 8.91 30,95 33.33 8
| .. 13.50. - 3.6 15.60 : 12.39 .
66 23.32 7.10 24.96 28.56 ‘22
PR 27.60 9.38 32,29 k 34.01 20
&8 1.70 2 10.53 37.67 43.60 5
9 4.68 1.88 6.22 _ 5.46 s
) 10,44 4.8 17.13 18.21 )

#PUS = Per Hundred Students -

T
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