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We evaluate, by means of mathematical programming formulations, the relative technical and scale efficiencies of
decision making units (DMUs) when some of the inputs or outputs are exogenously fixed and beyond the discretionary
control of DMU managers. This approach further develops the work on efficiency evaluation and on estimation of
efficient production frontiers known as data envelopment analysis (DEA). We also employ the model to provide efficient
input and output targets for DMU managers in a way that specifically accounts for the fixed nature of some of the inputs
or outputs. We illustrate the approach, using real data, for a network of fast food restaurants.

In 1978, Charnes, Cooper and Rhodes (CCR) de-
scribed a mathematical programming formulation
for the empirical evaluation of relative efficiency of a
Decision Making Unit (DMU) on the basis of the
observed quantities of inputs and outputs for a group
of similar referent DMUSs. They termed this approach
Data Envelopment Analysis (DEA). Banker (1980)
and Banker, Charnes and Cooper (1984) (BCC) pro-
vided a formal link between DEA and estimation of
efficient production frontiers via constructs employed
in production economics. Unlike most of the tradi-
tional econometric approaches, DEA does not require
many restrictions on the underlying production
technology, or an exogenous specification of the
parametric form of the production correspondences.
Furthermore, it focuses primarily on the technological
aspects of the production correspondences and is not
dependent on assumptions about or estimates of input
and output prices. This feature has opened up several
interesting possibilities for applications of this empir-
ically oriented model to evaluation of efficiencies of
DMUs in the regulated sector (see Banker, Conrad
and Strauss 1986, and Banker 1984), in the nonprofit
sector (see Farrell and Fieldhouse 1962, Lewin and
Morey 1981, Lewin, Morey and Cook 1982), and in
the private sector (Banker 1985, Banker and Maindi-

ratta 1986, Banker and Datar 1987). The approach is
particularly advantageous in these settings because, in
general, it is difficult to obtain competitive prices for
outputs and, at times, even for inputs.

The DEA approach to efficiency measurement
yields managerially useful by-products. In addition to
developing relative efficiency ratings for DMUs, the
efficiency models provide information about the ex-
tent to which each input consumed by an inefficient
DMU could be reduced without reducing any of its
outputs, yet by keeping the input mix ratios (i.e., the
basic technological recipe) approximately unchanged.
In practical applications where it is possible to estimate
input savings, DMU managers often must deal with
some inputs, e.g., level of advertising, median income
in service area, number of competitors, that they do
not control. In such cases, information about the
extent to which an exogenously fixed input variable
may be reduced is not meaningful for the DMU
manager. We need to further extend the CCR and
BCC models in order to estimate the extent to which
the controllable or discretionary inputs can be reduced
by the DMU manager while keeping the exogenously
fixed inputs at their current level. This is the objective
that we set for the developments described in this

paper.
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Banker (1980) and BCC specify explicit postulates,
such as convexity and monotonicity, for the underly-
ing production possibility set employed for estimating
the relative efficiency of individual DMUs. This char-
acterization of the production possibility set will be
employed to estimate the relative efficiencies when
some of the inputs are not controllable. For this
purpose, we shall consider a subset of the production
possibility set that may be obtained by fixing the
nondiscretionary inputs at their current values. We
can then examine the efficiency evaluation problem
in the context of the constrained production possibil-
ity set, and thus estimate possible reductions in the
consumption of the discretionary inputs, keeping
exogenously fixed inputs constant.

1. A Two-Dimensional Model

To describe the special considerations involved in
dealing with exogenously fixed inputs, we shall employ
the type of two-dimensional representation used by
CCR (p. 436) to illustrate the relationship between
CCR’s efficiency measure and Farrell’s (1957) effi-
ciency measure. We shall consider a situation involv-
ing a single output, a discretionary input controllable
by the DMU manager, and an exogenously fixed
input; for ease of presentation we assume that it
is destrable to conserve all inputs and increase all
outputs.

We let y;, x4 and x; for j = 1, ..., n denote the
observed values of the single output, the discretionary
input, and the fixed input, respectively, for each of
the N DMUSs. To represent the observed data in a two-
dimensional diagram, we consider a section of the
production possibility set by the plane given by
¥y = y,, corresponding to the level of the output for a
particular DMU, referred to as DMU-4 in Figure 1.
Earlier developments described by BCC enable us to
express the (input) technical efficiency measure for
DMU-A in terms of the following linear programming
formulation:

minimize {e, — e(si4 + s5 + 7)) (1)
N

subject to X yxy + sh=ewxu i=4d,f (2)
J=1
N
2 VY= 5i=Ya 3)
j=1
N
2yv=1 )

=1

€4, Yis s;A’ 5_2-4, S; = 0-

input

4
xr
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XrA
R
slack
Xm R
Section of
Production
XE E Possibility
Set for y = Y\
exogeneously
fixed input
XdR XdB XdA inpuru

discretionary input

Figure 1. Maximum savings in input
X4 = | X44 — X4z |. Unsubstitutable slack in input
Xr=| X4 = Xyr| = i

In this formulation, ¢ is a small positive number. (In
practice ¢ is taken to be 107°. Any theoretical difficul-
ties associated with the use of ¢ can be avoided by
formulating (1)-(4) as a multistage, preemptive series
of linear programs (see, for example, Banker and
Morey, 1986), where the first stage linear program
minimizes e, and the second stage goal is to maximize
(shse + St + 52).)

The reduction £,,, possible in the consumption of
each of the two inputs without reducing the level of
the output (i.e., y.), can also be estimated for
DMU-A4 as

Eu=(1—eMxu+si¥, i=d f (&)

However, since input x; is exogenously fixed,
DMU-4 manager cannot reduce its consumption by
the amount indicated in (5). The problem then is to
determine whether and to what extent the consump-
tion of the discretionary input x, can be reduced,
given that the level of the other input will remain
fixed at its current value of x;;.

To illustrate our approach, we shall refer to Figure
1. The BCC formulation evaluates the efficiency of A
by comparing it with the point E on the efficient
surface, and also on the contraction/expansion path
of A. The coordinates of the point E are given by
Xar: = e%x,4 and X = e%x;. The amount of reduc-
tion possible in the input x, is given by the distance
| X44 — X4 |. But since input x,is exogenously fixed,
information about the reduction possible in x; is not
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useful to the DMU-A4 manager. It is therefore more
meaningful to compare 4 with the point R on the
efficient surface, which consumes the same quantity
of the fixed input x; but a smaller quantity of the dis-
cretionary input x,. In fact, the amount of reduction
in the consumption of the input x, can be estimated
as the distance | x4 — X4z | .

We shall next incorporate this restricted compari-
son as part of the relative efficiency evaluation pro-
cedure. Note that the terms eXx,. and e¥x; in (2)
represent the coordinates of the point E. We shall
replace these terms by the coordinates of the point R
and modify (1)-(4) by considering the linear program
of (6), (7), (8), (3), (4), and (9), namely:

minimize {p, — e(sfs + 53)) (6)
N

subject t0 2 Xy + S = paXas @)
j=1
N
Z X+ Sh = X ®)
j=1
Pas Yjs S;;,‘, S]‘t‘, Sa = 0. (9)

Note that in (8) we require only that the composite
reference group utilize no more of the uncontrollable
resource than the unit under evaluation, but not nec-
essarily exactly the same amount; this choice enriches
the comparison set. However, the prioritization en-
sured by the (non-Archimedean) weight ¢, or equiva-
lently by a multistage, preemptive series of linear
programs, will first identify the maximum reduction
possible in the discretionary input, before identifying
the slack in the fixed input. We can then use the value
p%, and s¥ obtained from the optimal solution to (3),
(4) and (6)—(9) to estimate the amount of reduction
possible in the discretionary input as:

€y = (l - P:.I‘)di + s}/,lk- (10)

Furthermore, even after we affect this reduction in the
discretionary input there may be slack s7; for the fixed
input. Since the maximum reduction in the discre-
tionary input, namely p,, has already been evaluated
via the minimization problem in (6), the slack repre-
sents the quantity of the fixed input that cannot be
substituted for any further reduction of the discretion-
ary input. (Note that the objective function in (6)
included slacks only for the discretionary input and
the output so as to insure that no priority is given to
any slack associated with nondiscretionary input.)
This property is reflected in the dual only as
nonnegativity requirements for the associated dual
variable, rather than a strict positivity requirement.

As noted in CCR and BCC, because of its special
structure, the dual for the previous problem can be
expressed as a fractional programming problem, i.e.,

Ups = VX = to

maximize 1an
VaXda

subject to X UM "W j=1...,n (12)
Uy Xgj

va=e>0, v=0, (13)

and u, is unconstrained in sign (it is the dual variable
associated with (4)). Note that (11) involves the ratio
of weighted outputs to weighted discretionary inputs
and hence is similar to the original CCR formulation
(p. 430); this reformulation completes our desired
extension of the relative technical efficiency measure
for the two-dimensional case.

2. Generalization to Multiple Outputs and
Muitiple Inputs

In this section we develop a general model for situa-
tions involving multiple outputs, multiple discretion-
ary inputs and multiple exogenously fixed inputs. As
in the preceding section, we shall also estimate the
amount of reduction possible in the consumption of
discretionary inputs by interpolating the performance
of the most efficient DMUs, employing, as in BCC,
the characterization of the production possibility set
in terms of convexity, monotonicity and other prop-
erties. This approach identifies any relative technical
inefficiencies that may be present at the level of
operations of a DMU, that is being evaluated.

Welety,forrefl,...,sland x;fori €l =
{1,..., M} be the observed outputs and inputs values
forj =1, ..., N DMUs. We shall categorize each
input as either discretionary, and assign it to an index
set I, or fixed, and assign it to an index set I, so that
LUli=I={l,..., Mland I, N [;=@.

The BCC formulation to measure the technical
(input) efficiency measure 5 for a DMUj is given by
the following linear programming problem:

7d = min {eo - 6(2 sh+ 2, s;,)} (14)

i=1 r=1

subject to

N

Y yxy + sh=exo iE€1L, ... M)} (15)
Jj=1

N

Y vyi=So=Yo reil,...s (16)

J=1
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Yy=1 (17)

€o, Vs s?(.), 55 = 0- (18)

The quantity € > 0 is as defined in (1)-(4).
Proceeding as in Section |, we now modify the
constraints corresponding to the exogenously fixed
inputs to reflect the fact that these inputs cannot be
reduced, so that we can estimate the maximum reduc-
tion possible in the other inputs. We therefore present
the modified technical evaluation problem as follows:

S
173" = min [po - 6(2 S,‘T) + 2 S,_o)] (19)

i€lp r=1

subject to

N

D YiXi; + S = poxio { € Ip (20)
j=1

N

z Y Xij + S?(l) = Xio i€ I[: (21)
=1

N

Yvvs—so=vo refl,...,s 22)
j=1

N

Xv=1 (23)
j=

Po, Yjs S;Bs sE) = 0' (24)

The dual of this linear programming problem has a
form that enables us to represent it as a fractional
programming problem.

2;11 UrYro — zielp UiXio — Uo
Zielb ViXio

76’7 = max

25)

subject to

Z;Ll UrYrj — Zielp UiXij — Up <1
= 4
Zielp UiXij

JE I, ... N} (26)
u,v;ize>0, for refl,...sy and iel, 27
v;=0 for i€l (28)
and u, is unconstrained in sign. (29)

The modified technical efficiency measure from
(19)-(24) is directly related to the BCC technical effi-
ciency measure from (14)—(18). From the diagram in
Figure 1, it is visually apparent that

_OE _u

. Xdr
e — 1s greater than = —,
ty 04" x, ser pd o

at least for the one output, one discretionary input

and one fixed input case depicted. A similar relation-
ship between these measures is valid even for the
general case discussed in this section. We formalize
this relation in terms of the following result:

Proposition 1. The modified technical efficiency com-
ponent p¥ from (19)-(24) for any DMU, is less than
or equal to the corresponding technical efficiency com-
ponent ef from (14)-(18).

To prove this proposition, we note first that ef < 1
in optimal solution to (14)-(18) because DMUj is
itself one of the j = 1, ..., N referent observations.
By comparing the constraint sets in the two linear
programs, we see that any optimal solution to
(14)—(18) is a feasible solution for (19)-(24); hence,

p¥ < ef.

3. Technical and Scale Efficiency

Our analysis so far has addressed only the measure-
ment of the purely technical efficiency at the given
scale of operation for DMU,. BCC have proved that
the original CCR formulation obtained by deleting
the constraint %2, v;= 1 in the programming problem
of (14)-(18) provides a measure for the aggregate
technical and scale efficiency of DMUj. Therefore, to
estimate the modified aggregate technical and scale
efficiency measure when some of the inputs are fixed,
we write the following programming problem:

S
74 = min {ho - e( Y sp+ X s,‘o)} (30)

i€lp r=1
N
subjectto 3, ux;+ sh=hoxo i€, 31
j=1
N N
2 HiXij + S?(} = 2 HiXio i€ ]l-‘ (32)
Jj=1 J=1
N
Ywyi—so=vo re€fl,...s (33)
Jj=1
h09 Hj, S%; 3:0209 (34)

and e > 0, as in (1)-(4).
Hence, if the level of the ith discretionary input for
the DMU under evaluation were adjusted to the level

h¥xio — S .
Xho=—wv—o [ EIp, 35)
’ Eﬁ\ nr

and the level of the rth output for the DMU under
evaluation were adjusted to the level of

, _ Yot s
yro=-z—,v—*

=t Ky

refl, 2, ..., s, (36)
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then the DMU would be technically efficient and
operate at the most productive scale size so as to have
a modified aggregate efficiency rating of one.

The dual of this linear program can also be cast in
the form of a linear fractional program similar to the
original CCR formulation:

s
=1 UrYr
74 = max L'—yo (37
2:’51,, ViXio
subject to

2§=l Uryri — Eiel,.- vi(xi; — Xio)
Zielp UiXij

<1 jE{l,...N}  (38)

u,v;ize>0 for refl,...s} and i€Ip 39)
U,'?O for A=W (40)

As in BCC, we now present a formal relationship
between the modified technical efficiency measure in
(19)-(24) and the modified aggregate technical and
scale efficiency measure from (30)-(34).

Proposition 2. The modified technical efficiency
measure n8'" is greater than or equal to the modified
aggregate technical and scale efficiency measure n§'*.

The result follows immediately from the observa-
tion that an optimal solution for the former linear
program is feasible for the latter linear program.

The modified scale efficiency measured as the ratio
of the modified aggregate efficiency to the modified
technical efficiency is, therefore, less than or equal to
one, and it reflects the divergence from the most
productive scale size for the controllable inputs. In
other words, if ¥, u* = 1 for an optimal solution to
(30)-(34) then the modified scale efficiency rating for
the DMU, is equal to one, and it implies that DMU,
is currently operating at the most productive scale size
for the discretionary inputs, given the fixed level of
the non-discretionary inputs. Further, as in Banker
(1984), ¥, u* > 1 implies that DMUj is operating
at a scale greater than the most productive scale size
for the discretionary inputs. It is also possible to infer,
therefore, that the technically efficient referent point
given by y/ = y,o + 578, x! = Xio — s%* for i € Ir,, and
x! = p8xy — si* for i € Ip, is in the region of the
production possibility set where decreasing returns to
scale prevail. Conversely, if XX, u¥ < 1, then DMU,
is operating in the increasing returns to scale region,
at a scale smaller than the most productive scale size
for the discretionary inputs, given the fixed level of
the non-discretionary inputs. The managerial impli-
cation of this inference is that average productivity
can potentially be increased by increasing the level of

activity in terms of the outputs y, by proportionately
increasing consumption of the discretionary inputs x;
for i € I, as indicated in (35), while keeping the non-
discretionary inputs x; for i € I fixed at their current
levels.

4. Output Targets

So far we have focused on the problem of estimating
the extent to which we could reduce the consumption
of discretionary inputs without reducing output pro-
duction. An alternative approach could consider the
estimation of the extent to which output production
could be increased without requiring additional in-
puts. For this purpose, we shall consider ¢he following
programming problem to estimate the (output) tech-
nical inefficiency measure for a DMU,.

S M
Maximize {go + e(E So+ 2 s,%)} (41)

r=1 r=1

subject to

N

2 ViV — S0 = &Y, TELL ..., s} (42)
j=1

N

Y vixi+ sh=x0, i€, ..., M) (43)
j=1

N

Yy=1 (44)
j=1

g(), 'Yjs sr-Os S;B = 0~ (45)

We note that the M constraints corresponding to
the M inputs compare the reference input quantities
YK, vx; with the corresponding quantities x;, for
DMUy, and not proportionately reduced quantities
e X as in (14)-(18). Therefore, these targets project a
reduction in the inputs of only the slack quantities
si. By modifying the objective function of the pro-
gramming problem in (41)-(45) to read

Y
maximize {go + e<2 Sro+ X s,»‘a) +¢ 2 s?{,}, (46)

r=1 i€lp i€l
where e and ¢’ /e are small (non-Archimedean) positive
numbers, we can substitute as much of the factors sj
for i € Ir as possible, in order to secure further
reductions in the targets for the discretionary inputs,
or increases in the targets for the outputs. Any positive
s for i € I then represent surplus quantities of fixed
inputs that cannot be substituted for a discretionary
input or used to produce more output in a manner
consistent with the underlying production technology
reflected in the observed input and output level.
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5. Exogenously Fixed Outputs

The analysis described in the preceding sections can
be directly extended to situations with some exoge-
nously fixed multiple outputs that are therefore
beyond the discretionary control of the DMU man-
ager. An example of an exogenously determined out-
put may include check cashing transactions in a bank,
where output is related to the performance of a purely
gratis service function. In this case, management is
interested in determining the maximum factor by
which only the controllable outputs can be augmented
without requiring any more resources. We shall, once
again, consider the programming formulation (41)-
(45). If all the outputs were under the discretionary
control of the DMU manager, then the adjustments
needed in all of the outputs to render the DMU
technically efficient is given by

Yio=(g8y0 + s for r=1,2...,5 (47

However, in situations with the levels of some outputs
exogenously fixed, beyond the discretionary control
of the DMU manager, these targets for increasing
outputs may not be meaningful. Proceeding in a man-
ner analogous to our earlier analysis of exogenously
fixed inputs, we seek to estimate the maximum pos-
sible increase in the discretionary outputs, keeping the
inputs and exogenously fixed outputs at their current
levels. Therefore, we write the following programming
problem:

maximize {Zo + e< Y spo+ X S?B)} (48)

r€vp i=1

subject to

N

2 'ijlj - sl—ﬂ = goyro re Vp (49)
J=1

N

Y YiVs = 7% = Yro re€ v (50)
je=1

N

Y vxy + Sh= Xo iefl,..., M} (51)
J=1

N

Yv=1 (52)
Jj=1

Do, ¥j» Swo, S = 0. (53)

In this formulation v, is the set of indices of outputs
under the discretionary control of the DMU manager
and », is the set of indices of exogenously fixed out-
puts. The maximum possible increases in the discre-
tionary outputs are then given by (47).

Further, the dual of the programming problem in

(48)-(53) can be cast in the form of the following
fractional programming problem:

Zfin ViXio — Zreyp Uyro — U

minimize
ZI‘EVD uryrj
subject to
M
Ell ivij ErEF ryrj ‘$1, _]=l,...,N,
U Ve
r€yp
vizeforie{l,2,.... M, u,zeforr€vp, u, =0

for r € vr. This problem is similar to the original
formulation for estimating the relative (output) inef-
ficiency of a DMU. As before, the relationship be-
tween this modified technical inefficiency measure
and the original technical inefficiency measure can be
formalized by means of the following proposition:

Proposition 3. The modified (output) technical ineffi-
ciency component &, obtained from (48)~(53) for any
DMU, is greater than or equal to the corresponding
(output) technical inefficiency component g, obtained
from (41)-(45).

The proof of this proposition is analogous to the
proof of Proposition 1 and is omitted.

6. Empirical lllustration

In this section we shall apply the analytical techniques
developed in this paper to a real data set for a 60-
DMU network of fast food restaurants. This example
will also serve to illustrate the impact of fixed uncon-
trollable inputs; in particular, it will compare the
difference in controllable input targets that results
from two different treatments of the non-discretionary
inputs—one in which all inputs are indeed treated as
discretionary, and the other in which only the truly
controllable inputs are treated as discretionary. It will
show the differences in targets that result from elimi-
nating only technical inefficiences and from eliminat-
ing both technical and scale inefficiences.

We considered data on 3 outputs and 6 inputs for
60 restaurants in the fast food chain. The 3 outputs,
all considered controllable, corresponded to the 3
principal categories of food sales for the fast food
chain: breakfast, lunch and dinner sales. Two of the 6
inputs corresponded to expenditures for supplies and
materials, and expenditures related to labor; these
were clearly discretionary. Two other input variables
represented the age of the store and the advertising
expenditures allocated to the store by headquarters.
Decisions regarding advertising expenditures were
made at the corporate level, and therefore, this input
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Table 1
Comparison of Various Inefficiency Measures
for DMU-51
All 6 Inputs Only Inputs 1 and
Measure Treated as 2 Treated as
Discretionary Discretionary
1. Technical efficiency 0.964 0.904
2. Aggregate technical 0.948 0.899
and scale efficiency
3. Scale efficiency 0.982 0.994
4. Returns to scale Increasing returns: Decreasing returns:
60 60
T ur=.9399 3 u*=10542

=1 J=1

was beyond the control of the individual restaurant
manager. The final 2 inputs were demographic and
indicated whether the store was located in an urban
or rural area, and whether it had a drive-in window.
These uncontrollable characterizations were handled
by means of binary 0-1 variables, with zeroes corre-
sponding, respectively, to a rural location and a loca-
tion with no drive-in window. For evaluating a store
located in a rural area or one without a drive-in, these
variables force the peer group members (i.e., members
of the reference group) to be compared only to like
stores. However, the reference group for stores in
urban areas (considered to be a more favorable envi-
ronment), or stores with drive-ins, could consist of
stores of both types. (Banker and Morey 1986 treat
the use of categorical variables to model situations
lacking a continuous scale. They treat both control-
lable and uncontrollable categorical variables, the con-
trollable categorical variables necessitating a mixed-
integer LP formulation.) The detailed data set for the
60 stores is available from the authors.

In Table 1, we compare in detail the results of the
efficiency analyses, performed under different treat-

ments, for one of the stores, DMU-51. Treatment I
considered all 6 inputs to be controllable (the only
modeling possibility previously available, i.e., formu-
lation (14)~(18)). The result was an optimal propor-
tionate reduction factor e of 0.965, which implies a
3.5% simultaneous reduction target for all 6 inputs.
In contrast, treatment II considers only the first two
inputs to be controllable; in this case the maximum
possible proportionate reduction factor p¥, obtained
from formulation (19)~(24), is 0.904. This result im-
plies a 9.6% reduction target for these two controllable
inputs, without requiring the remaining four inputs to
be lowered from their current levels. Note that this
outcome is consistent with Proposition 1.

It is also interesting to compare for the 51st DMU
the estimates of returns to scale for each of the 2
treatments. In both cases, if we utilize (30)-(34), di-
vergence from the most productive scale size is indi-
cated. However, when we consider all the inputs to
be discretionary, ¥f°, u* = 1.0542 indicates that
DMU-51 is operating in an increasing returns-to-scale
segment of the production possibilities set. In other
words, if we increased all 6 inputs proportionately,
then we could increase 3 outputs in a greater propor-
tion. However, when only the first 2 inputs were
considered discretionary, decreasing returns to scale
were indicated because Y2, u}* = 0.9399 is less than
one. This result implies that if only the first two inputs
were increased proportionately, keeping the four non-
discretionary inputs fixed at their current levels, then
the three outputs would be increased by a small
proportion.

These considerations are reflected in the targets
displayed in Table II for DMU-51 to eliminate tech-
nical, or technical and scale, inefficiencies. First, we
observe that the targets suggested (from (10)) for in-
puts | and 2 for eliminating technical inefficiency

Table II
Targets for DMU-51 to Eliminate Inefficiencies

Target for Eliminating Technical

Targets for Eliminating Both

Inefficiencies Technical and Scale Inefficiencies
Current ; :
Level All inputs Only inputs All inputs Only inputs
. i and 2 . 1 and 2
dgonsxthr ed considered d?;)cl;:lt('igrrm id considered
\scretionary discretionary lonary discretionary
Input 1, cost of $254.39K $24591K $230.08K $256.63K $216.99K
supplies and
goods
Input 2, cost of $205.06K $181.18K $179.80K $185.88K $17491K
labor
Output | $165.75K $165.25K $165.25K $175.82K $156.75K
Output 2 $489.77K $489.77K $489.77K $521.09K $465.59K
Output 3 $ 99.57K $149.39K $135.26K $163.839K $125.01K
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Table II1
Impacts of Different Assumptions About
Controllable Inputs on Inefficiency Measurement

Only 2 of
All 6 l nputs the 6ylnputs
Measure Considered .
Controllable Considered
Controllable
1. No. of units scored 33 33
technically efficient
2. Range of technical 0.8769-1.0 0.8725-1.0
inefficiency scores
3. No. of units scored 24 32
technically and scale
efficient
4. Range of technical and 0.7665-1.0 0.8766-1.0

scale inefficiency
scores

(columns 2 and 3 of Table II) are more demanding
when only these 2 inputs are considered discretionary.
Next, we consider the elimination of both technical
and scale inefficiencies (columns 4 and 5 of Table II,
using formula (35)). When all inputs are considered
discretionary, the reduction required in the inputs to
eliminate technical inefficiency is offset by increases
required to exploit the prevailing increasing returns to
scale. Therefore, the targets were higher than those
required to eliminate only technical inefficiency. (The
net target associated with the cost of labor of $185.88K
(column 4, row 2) is a reduction (in spite of the
increasing returns to scale), since from (35), the scaling
occurs after the inefficiencies have been eliminated.)
On the other hand, when only inputs 1 and 2 were
considered discretionary, reductions were required in
the two inputs to eliminate technical inefficiency as
well as scale inefficiency, because a decreasing return
to scale prevailed in this case. Consequently, the tar-
gets for the two inputs were lower than those required
to eliminate only technical inefficiency.

We also observed similar impacts on inefficiency
measurement for the other 35 DMUSs that were not

Table IV
Mean Absolute Change in Technical and Scale
Inefficiency Scores when Only 2 Inputs Are
Considered Controllable Instead of All 6 Inputs

Mean Absolute

Range of Inefficiency  No. of Units

Score with All 6 Inputs in Each Value %Change
Considered Controllable  Category n In; iciency
core
1. 1.0 24 0
2. 0.950-0.999 10 0.0168
3. 0.900-0.949 15 0.0298
4. <0.900 11 0.0795

rated technical and scale efficient (see Table III). There
was no change in the efficiency classification of the 24
DMUs that were operating on the efficient production
frontier and at the most productive scale size. But the
impact on the inefficiency score increased for the more
inefficient DMUs, as is evident from the data pre-
sented in Tables IV and V. The mean absolute change
in the technical and scale inefficiency score was 7.98%
for the 11 DMU s with inefficiency rating below 0.900.

Table V
Mean Absolute Change in Targets to Attain
Technical and Scale Efficiency when Only
2 Inputs Instead of All 6 Are Considered

Controllable
Largest
Mean
Input Absolute  Mean Ch?:ge
or Change Absolute Target
Output in Percentage (overrgall
Target 36 units)
I.1 Cost of $20,067 8.09% $120,000
supplies
and
materials
1.2 Cost of labor 9,882 5.34% 63,200
0.1 Salesoftype 1 10,640 8.94% 71,000
0.2 Salesoftype 2 53,460 9.81% 402,000
0.3 Salesoftype 3 23,403 15.29% 167,000

The impact on the targets for the 36 inefficient DMUs,
if they were to attain technical and scale efficiency,
was also considerable. The mean absolute percentage
change for the 36 DMUs ranged from 5.36% to
15.29% for the output “sales of type 3.” It is thus
apparent from the empirical application that reflecting
the fixed nature of some of the inputs permits the
identification of a considerably enhanced opportunity
for targeted savings in the controllable inputs or for
targeted increases in the controllable outputs.
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