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This paper reports the results of a fic^ld study designed to evaluate the

capabilities of DEA in locating relatively inefficient hospitals among a set

of teaching hospitals. Earlier research has reported on the development of

Data Envelopment Analysis (DEA), a mathematical prograrr^ning based technique

developed by A. Charnesj W. W. Cooper and E, Rhodes [6] [7] [8], DilA is de-

signed to locate and measure the technical efficiency of Decision Making Units

(DMU) that use multiple inputs to produce multiple outputs on an expos t bAsis.

A key characteristic of DEA is its ability to locate inefficient DMU's

based on observed behavior without specific information about the production

function, i.e., the input-output relationships that characterize the tech-

nology of a set of Decision Making Units within an industry. All that is

required to apply DEA is an understanding of and an ability to ''.leasure the

relevant outputs and inputs. These characteristics are particularly suitable

for application to health care organization because 1) considerable benefits

may arise from any technique which will improve efficiency in this sector due

to its size and widespread concern about health care costs; 2) the production

function of these organizations is not well understood and is not currently

specifiable in any detail (see for example [9] and Ix-,]); and 3) these organi-

zations are characterized by multiple outputs and inputs, e.g., a hospital

uses labor, capital and supplies to produce many types of patient care and

to provide other outputs such as research, community education, and nurse and

intern training.

Other studies of DEA have found the methodology to be reliable in locating

Inefficiencies when applied to articifial data where the efficient and ineffi-

cient units are known with certaintv. Sherman [lA] found that DEA accurately





located tliG inefficient DMU's without knowledge of the underlying production

function using only the outputs and inputs of each DMU as the observational

data. Other field applications have relied on the theoretical soundness of

DEA and its coir.patibili ty witli economic theory as discussed in the works of

the originators of this new methodology, Charnes, Cooper and Rhodes [6],

[7] and [8]. Fie].d studies have used DFA results tempered by sensi-

tivity analysis to indicate to managers wliich DMU's were inefficient (see

for example [3] and ["^j). In these applications, the accuracy of the DEA.

results were not subject to tests of whether DEA was accurate except to

the extent that in some cases managers found the results to be generally

reasonable and more importantly management was willing to accept the DEA

results as a base for taking actions to improve the efficiency of the DMU's

individually and collectively. ,
•

' •
"•.""'

In this study, the use of DE.^ in the health care environment is being

considered because of the widespread interest in improving the performance
,

of health care institutions and in reducing the costs of their ser\-ices.

At the same time, there is evidence that the incentives for improved health

care organization efficiency are minimal due to the revenue or costs reimbursement

systems, and there is also evidence that inefficiencies exist among a sizeable

percentage of these institutions and particularly hospitals. Other techniques

used to evaluate efficiency of heatlh care organizations including ratio

analysis and regression analysis ahve been found to have serious limitation [14]

so that DEA represents a new and possibly superior alternative which we con-

sider in this study.

In this study, we specifically attempt to validate the results of using

DEi\ to locate inefficient hospitals. In contrast to the DL\ validity tests

performed by Sherman
[ ] using an artificial data set where the inefficient
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DMU's were known with certainty, there arc no absolute or even widely accepted

indicators about v.'hirli huspitals ai^e inefficient. Indeed, if such indicators

were available, there miglit be no need to pursue other efficiency measurement

.techniques like DH^. Consequently, we need to seek other approaches to vali-

date the DEA results when applied to hospitals as a basis for assessing reli-

ability of this methodology in health sector applications.

To validate the DEA results, wo enlisted the help of a panel of nine health

care experts familiar with the hospitals in the data set 1) to help define

the relevant and ideal inputs and outputs, 2) to assess the iiLplications of

any compromises between ideal versus available input-output data and in the

DEA evaluation of hospitals, and 3) to evaluate the reasonableness of the

DEA results with respect to the hospitals identified as inefficient and the

magnitude of these inefficiencies. These experts include hospital adminis-

trators, hospital regulators, and management .consultants for hospitals. In "•

addition to the opinion of these regulators, two other forms of validation

were completed. First, where the experts questioned aspects of the DEA re-

sults, other types of data were considered to corroborate or refute the

experts opinion and to determine whether such data might alter the DE^\ con-

clusions. A second step taken to validate certain results was to review

them with managment of one of the hospitals (hospital J) identified as_ in-

efficient based on DEA to determine whether they agreed with the conclusions

that their hospital was relatively inefficient.

The results of this study provide insight into the reliability of DEA

for hospital application as well as observations about the way health care

managers evaluate hospital operations and the adequacy of the data collected

on hospital management information systems for purposes of improving efficiency

of these organizations. Section 2 describes the procedures used to select the
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hospital data set and the lii.iiLation inherent, in the available data versus

an idea] data set. Section 3 describes the results of the DF.'\ evaluation

and the reaction of the experts. Section A describes the reaction of manage-

ment of one of tlie inefficient hospitals to the UEA results. In section 5

we summarize these results and consider the implication with respect

to the types of data that are collected by hospitals, and the way managers

and regulators view hospital efficiency. In addition, we suggest areas

where further research may help to improve the capability and reliability

of DEA in evaluating efficiency of health care organizations.
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Section 2 - Hospital Data for DEA Efficiency Evaluation

Tlie unit of study that was evaluated usinp, DFj\ was the Medical-Surgical

(MS) area of 22 teacliing hospitals. For these 22 hospital KS areas, we

collected 1976 data and used the following 3 inputs and 4 outputs to charac-

terize their activities.

Outputs: y-i - Patient days of care provided during 1976

for patients 65 years or older.

y2 - Patient days of care provided during 1976

for patients under 65 years old.

y^ - Number of nursing students in training in 1976.

y/^ - Number of interns and residents in training in 1976.

Inputs: XI - Full time equivalents (FTE's) of non-physician

medical surgical staff during 1976.

X2 - Medical surgical area supply dollars expenditures in

1976.

X3 - Bed days available in MS area in 1976.

Every component of the data selection process was considered in concert ^^7ith

a subgroup of the experts 1) to achieve the primary objective of evaluating

the reliability of DEi\ in a health care setting, 2) to understand the implicit

compromises in data selection and specification to allov; for assessment of the

generalizability of the results, and 3) to incorporate a reasonably true

picture of the medical surgical area operations which would enable the

researcher to derive some m.eaningful conclusions about the managerial relevance

and usefulness of DEA for health care applications. The following discussion revie

the key issues that were addressed in this process and the way these were re-

solved in the following order: selection of Medical Surgical area, selection

of teaching hospitals, use of 1976 data, and selection of specific inputs and

outputs.

Medical Surgical area - Rather than use the entire hospital as the object

of the study, the Medical Surgical area was selected because 1) it represents

what is often the largest department, i.e., it includes all patients that stay

overnight in a liospital except for those with special treatment such as pedi-'

atrics, psychiatry, intensive care , etc.; 2) use of a subpart of a hospital
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would increase the rescarch.er' s abiJiLy Lo detenr.ine if the inefficiencies lo-

cated via DT-A were indeed present because of the narrov.'er scope of activity;

3) the range of outputs would be more contained so that case mix (the mix of

patients treated) v.'ould already be somewhat narrower than that of the entire

hospital-a key consideration since case mix output measures are not yet well

developed; 4) there was a reasonable degree of uniformity in that all hospitals

in the study acknov7ledged MS as a distinct area, i.e. separate MS data was

reported to the state regulatory agency; and 5) a departmental assessment capabilit

would represent a focus that is not heavily emphasized in research studies

which might provide a basis for managerial insights not available in total

hospital studies. A concern of certain experts was that all hospitals do

not necessarily include the same activities in the MS area so that there was

potential incomparabililty which would have to be addressed. This issue would

not have been circumvented by use of the entire hospital, since hospitals

may include or exclude certain activities which may be provided by outside

organizations like anasthesiology services, laboratory services, etc. The

comparability of the MS area did not prove to be one of the critical issues

in this study but this represents an issue that needs to be carefully evaluated

in other similar health care studies.

Teaching Hospital Data Base - Teaching hospitals which train nurses,

interns, residents and medical students were selected because 1) they re-

present a more interesting challenge for DEA since these are distinct services

provided In addition to patient care which are not easily addressed using other

methodologies less sensitive to multiple output-multiple input situations,

and 2) tlie data set should include roughly similar organizations with similar

outputs and inputs so that either all teaching or all non-teaching hospitals

would be selected and we chose the forT.ier. One issue we liad to- address was the
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varyinj; levels of teaching activiuic, as there is no unifoi"^ definition of

teaching hospitals across all states (even thon^Ji these data were all from

hospitals within one state). Teaching hospitals, for this study, included

those that reported training of nurses, interns or residents. This too,

was of only moderate concern to the experts and did not prove to be problem-

atic.

Wiile there were more than 22 teaching hospitals within the state, certain

of these were excluded because of greater specialization and/or lack of ade-

quate or complete data.

1976 data - Use of older data was expected to be lass threatening

to administrators and regulators, as the results would describe past in-

efficiencies and would be silent on the efficiency of current operations.

The fiscal year 1976 was specifically selected (instead of 1975 or 1977)

because a special study on hospital case mix was completed based on 1976. oper-

ations for a'subset of the hospitals in the state (on a voluntary basis) which

would provide added insight to evaluate the validity of the T)IA results.

Selection of Outputs and Inputs - Table 1 reflects the ideal outputs

based on a review of the formal description of the MS area included in the

state reporting instructions amplified by discussion with the experts.

The general approach was to ascertain what services are provided in the MS

area to define its outputs and to determine what types of inputs are required

to provide these services. No output included could be increased without the

expectation that some inputs would also have to be increased. Numerous compro-

mises are reported in table 1 which are primarily a result .of unavailability of

data and some ambiguity in specifying the inputs and outputs of this area. The

latter problem reflects a degree of insensitivity or a sense that output-

• input relationships are not of great concern in hispitals which may be

due, in part, to reimbursement systems which have emphasized
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cost reimbui'scmcnt and cost conLainnient policies that do not reward hospitals

for efficiency inprovements . (See for example [ ], [ ], and
[ ].)

Ratiier than review each of the issues raised in table 1, we will attempt

to provide an overview of the conclusions that were reached v.-hen we selected

the 4 outputs and 3 inputs for the DEA study. In general, while

the experts v.'ould have preferred that the output data correspond '..iQi'e directly

with the ideal data in table 1, it was agreed that the input/output data

selected reasonably reflected the key MS inputs and outputs. One ex-

ception was that the output measures of patient case mix that were selected

only segregated patients by age and v?ere therefore not sensitive to other

possibl}' more important dimensions of case mix. We chose to proceed with

this v;idely acknovjledged weakness because 1) the use of 1976 data provided

us with another measure of case mix for some of the hospitals, and 2) age

was one acknowledged though incomplete case mix dimension which was available

(see for example
[ ] and

[ ]), and 3) there was no case mix data collection

system in the state nor is there any one accepted and valid measure of case

mix. Nevertheless, use of age as a case mix indicator is clearly incomplete

and any results using this measure in this or any other study v.'culd have to be

carefully evaluated before any strong conclusions would be possible.

Another dimension absent from the data is quality of outputs. M-;ile it

is inconceivable that all 22 hospitals provided the same quality of care, we

chose to take the same position as hospital regulators; that is, teaching

hospitals were all considered to provide a minimum quality of care which

is generally believed to be at or above a very high standard. N'one of the

hospitals in tlic study were viewed by the experts as being substandard nor

werc.,->uy believed to provide distinctly higher quality care or teaching than

others to the point where this required higher input consumption levels. Con-

sequently, rlie lack of a qualliy dimension was not believed to be a serious issue

with this data set.
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In sliort, the case mix data was believed to be a key limitation. The

exclusion of a quality measure and compromises in otlicr data specifications

represent areas v.'liich v;crc not believed to have a significant impact.

Understandint; tlie data limitations described above, we proceed to

describe the results of a DEA efficiency evaluation of these 22 teaching hospital

MS areas.





3. Applic.iLiou of !)1:A Lo Evaluate the Efficiency of the Teaching Hospitals,

The version of DEA wc chose for this evaluation is a fonn developed by

CCR [ ] which is in linear program foinn as follov7s:

Objective

Max h - = T. u y
"^'^'^^ ° ^^ ^^^ ^''^ ^^^"S

•^ „_"] 1" ^o evaluated in the set of
= 1,...15 Dl-iU's.

Subject to

> ^ "r ^ri " ^ ^i ^ i' j = 1,.... 1

r=1 ^ ^^ W, ^ -"J

1 = Z V. X.
1 io

-)

i=1

< u , V. ;
r 1

r = 1, 2, 3, /.

i = 1, 2,. 3

Data: Outputs: y . = observed amount of r output for j^'' DMU

Inputs; x^ = observed amount of i input for j JWU

(16)
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The A outpul.s and 3 inputs for tlic 22 hospitals arc reported in

exhibit ] . The DFA results are summarized in table 2 in the columns (1)

and (2) for the 22 liospitals A through V. Hospitals with an efficiency

rating of 1 are designated as relatively efficient v/hile a rating of less

than 1 implies relatively inefficient. Column (2) in table 2 reflects the

efficiency reference set of each inefficient hospital and represents the

efficient hospital against which an inefficient hospital is being most

directly compared. For example, hospital D is relatively inefficient

based on DEA as indicated by an efficiency ratio of .857. Hospital D's

level of inefficiency is determined by comparison with its efficiency re-

ference set, i.e., hospitals C, D, and M. These efficiency- references

set hospitals will alv;ays include hospitals rated as relatively efficient

e.g. Hospitals C, D and M have a rating of 1.0.

The results indicate that 10 of the 22 hospitals are relatively in-

efficient and that three of these have ratings below 0.9. As is discussed

in CCR
[ ], the ratings do not represent strict rank ordering of efficiency.

Nevertheless, a hospital that has a low efficiency rating, e.g., below .9

is likely to require more substantial adjustments to input and output to become

efficient than one which is inefficient but with a rating close to 1.0. This means

that the lovjest rated hospitals may have inefficiencies that are more

apparent or easier to detect because of the magnitude of the inefficiencies

that may be present.

At the point of the initial DEA application, we had essentially no know-

ledge or a priori expectations about which hospitals would be identified as

inefficient. We presented these results to the experts, who had general fam-

iliarity with these hospitals, and asked them to evaluate the reasonableness

of these results.
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The experts' rcnctions were as fol]ov/s:

— llo.'-.pitnls B, (;, K, N, Q, S and V whic.li wei^e rated as inefficient

scum to be a 'aelicvabJc result.

— No strong opinion could be elicited about hospital L,

— Hospital E, also rated as inefficient, was believed to be

more special i/;ed and therefore less appropriate for comparison

with the otlier 21 hospitals.

— Hospital J was rated as inefficient but there was strong disagree-

ment about the reasonableness of this designation. Three experts
considered themselves particularly knov;led gable about J. Two of

these experts strongly concurred with its rating as inefficient

and one strongly disagreed.

Experts' criticisms of the DEA results for hospital J arid about the entire

procedure emphasized two issues:

a. The efficiency reference sets selected by DEA did' not reflect comparable

hospitals, i.e., other hospitals in the group were believed more appropriate as a

basis for comparison.

b. The case mix data used reflected only age which was believed to be

incomplete and was believed to be a likely source of the misevaluation of

hospital J.

We also found that these experts were not equally familiar with all hos-

pitals in the group and that their knowledge of the hospitals did not let them

clearly distinguish betvjeen the total entity and the MS area. In addition, their

natural orientation was not focused on questions of technical (output-input)

efficiency, but rather reflected a broad set of criteria of which some concept of

efficiency v.-as just one part. The composition of the group of experts was such

that the problems encountered were not likely to be avoided by selection of other

experts. Consequently, the first reactions of these experts could be construed

as being generally in agreement with the DEA results except for hospital J,

however, more rigorous evaluation and validation of the DEA results were re-

quired .

-12-





Tabic 3 js an oxninplc of 1.1k> output fonnnt v.-c founa to be most undorstand-

ab]e by Llie CNperts. Il reflects the results of ]WA in table 2 for hospital J

vliich is compared witli a composite of-its efficiency reference set — hospitals

C, D and M. The input output matri:-: of C, D and M are multiplied by tlieir

shadow price (.286 for C, .60.'^ for D and .1/(6 for M) and suir-.med to yield a

composite tliat would yield the same or greater outputs than were achieved by

J with fewer inputs than were used by J. Hence, a combination of actual hospital

operations yields a more efficient hospital than J. Specifically, the composite

produced more training outputs and the same patient day outputs with fewer FTF's,

supply dollars and bed days available. In essence, the experts' concern was

that J was not necessarily comparable to C, D and M and that age was not an

adequate measure of case mix.

' Enphasis on the three least efficient hospitals, V, J and N

VJe decided to concentrate our analysis on the three least effi-

cient hospitals, Hospitals V, J and N, for a nujTLbsr of reasons:

o The input and output data selected required a nurier of cora-

proroises from what would be an "ideal" input/output data set

because of the weak case mix data and unavailability of other

data. Concentrating on the least efficient units would, it

was hoped, minimize the extent to which the inefficiency was

due to these necessary data compromises.

o The more inefficient the unit, the easier we thought it would

be to locate the true source aaid possibly the true cause of

the inefficiency. This could then provide a stronger basis

to determine if the DEA results pi-ovided reliable informa-

tion about hospital inefficiencies. If DEA was of no value

for the highly inefficient units, this conclusion would

probably extend to the other inefficient unuts. If DEA was

_
useful only for highly inefficient units, then it might

still be desirable for just that purpose in light of the

alternative techniques available.





i.G4

TcJJo 3

Vr^h I;\m3 vuVion of lioEpital J versus Efficient Units

wii'i v.'hicli J is Directly Co.Tj^arod

/Ior.DJt£il J - Efficicnc/ !\itina - .857

vs.
Hospiml J

Mcolr,Tl--Si.:rr,ical arc.i

^ < Supp. $

T /(Bed days

/" Nurr,e Training

T \ Medicare Days

V 1 Non-Medicare Days
t/
S V Intcm/Rcsid. Training





Focusi'.ij; on tlic tlirce lovjcsf rnted liospitalii, V, N and J, wc cn:barl;cd on

a set of procedures to p,ain more confidence in tliesc results and to resolve

the conflict over liospital J. First ve considered other case nix indicators to

determine if they would indicate that the DEA results might have been biased

by the use of only one case mix indicator — age. This result is described

in section A below. Wc used DEA to conipare and evaluate a subset of 9 of the

22 hospitals that had a more specific case mix indicator for the MS area.

This case mix indicator was available for only 9 of these hospitals solely

for 1976 and v;ould reflect the best available case mix measure for these hospitals

described in section B below. V.'e then addressed the comparability issue raised

by the experts by using DEA to evaluate a subset of 7 of the 22 hospitals that

were' considered to be comparable "less intensive"teaching hospitals based on

an "accepted" grouping system used by the states rate setting com.raission. The

comparable group results is discussed in section C. Section D describes the

reaction of the experts to the expanded tests in section A, B and C. In general,

these expanded tests and experts' reactions supported the results of DEA though

there remained some conflict about hospital J results which were further evalu-

ated with management of hospital J as reported in the subsequent section A of

this paper,
'

.
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^
• In t ro du c t ion of alternative r.a_se_ mix measures in D!;A evaluation

In response l.o the experts^ concern cibouL the adequacy of the

case mix ncasure, we now consider the effect that alternate measures

(suggested by one expert) might liave on the original conclusions.

Table ^ incorporates the data in Table 2 and includes additional

indicators of these hospitals' operations as follov;s. T-.to other

case mix surrogates included are: 1) the V.'ashington index reflecting

the v;eig]ited index of complexity of services offered (see [3 ]) ;-

and 2) the average length of stay (ALOS) . In addition,

average cost per day, total MS beds available and occupancy rate are

included in Table ^ as factors v/hich might influence the efficiency

of MS. The issue we address is whether these other indicators of

case mix, cost, etc. appear to compensate for the inefficient rating

resulting from using DEA without incorporating these added variables.

Hospital N - Hospital N had an efficiency rating of .887.

Consideration of the additional variables included in Table 4 tends

to support the initial DJiA. results, as follows:

a. The Washington index of N (53.2) is lower than the seune

index for its ERS hospitals upon which the inefficient

rating is calculated, i.e. VJasliindex of D=64, M=57.4, and

R=89.8. Thus, N offers less complex services axid is therefore not

likely to have a more severe case mix than the ERS hospi-

tals.
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b. Hospital N's avoragG length of stay is 10 days v;hich

is shorter thaji the ERS hospitals ' ALOS v;hich is 11

days for D and 12 days for M and R. To the extent

that ALOS is a case mix indicator, 13 has a less severe

case mix than the ERS hospitaDs.

c. The cost per MS day in hospital N ($44) is higher

than D ($39) and M ($40.) but is son-.ewhat lov/er than

but very close to R ($45)

This small cost difference does not

necessarily suggest that N is more cost efficient than

R. If N had significantly lower costs' than D, M and R,

this might be an indication of cost efficiencies v.'hich

compensate for DEA identified inefficiencies, but this

is not the case.

Notv.'ithstanding the compromises in the input/output data used

for DEA, N continues to appear to be inefficient after considering

these alternate case mix and operating variables. This of course

assumes that there are no significant unknov;n errors in the data re-

ported by these four hospitals. .Moreover, this conclusion was further

supported by the opinions of the experts as described above. Based

on these results, DEA appears to have accurately identified Hospital

H's MS area as relatively inefficient .con-pared with the 22 MS areas

in our data set.
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Hospital V - vre perform tlie same analysis on V as v;e completed

above for h' but find that the additional variables in T^ble ^ re-

sult in Eoxe questions as to whether the DE7i case mix measure was

adequate as suggested in the following:

a. The V.^ishington Index for V was 83 v;hich compared to its

ERS hospitals is higher than that of C (=53.7) and D (=54)

but lov/er than the index for.R (=89.8). Thus based on

the Vrashington Index, V may have a more severe case mix than

C and D which may not be adequately reflected in the age

breakdown used in the DEA evaluation. Kence, the case mix

differential could compensate for the DE7>. inefficiency rating

of .857 attributed to V.

b. The average length of stay for V v;as 9 days which is lov;er

than R's J^LOS (=12 days) and D's ALOS (=11 days) but higher

than C's ALOS (=6 days). Again, based on ALOS, V appears to

have a less severe case mix tlian J: ar)& D but a more severe

mix than C.

c. The cost per day of V of" $3G is also lower than D's cost

of $39 and R's cost of $45 but higher than C's cost of

$33. With respect to two hospitals D and R, V may have

cost savings wliich compensate for technical inefficiencies.

The issue we need to address is whether W has a sufficiently

more severe case mix and/or sufficiently lower costs than its ERS

hospitals to compcrssiite for the degree of inefficiency noted

by DEA? There remains uncertainty about whether there are compensating
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cost'-G and case mix characteristics v;hich might suggest initial \)\IA results

understates V's efficiency v.'ith respect to its ER3. One expert v;ho

c1 a i r. I

o

d to be v.'e 11 acgu'iintcd with hospital V indicated that it is

clGarly a less efficient hospital suggesting that the above arhi-

guitics would not account for the inefficient rat ing. Nevertheless

better case mix measures are needed to rerun a DEA evaluation v;hich

would be refuted less easily by hospital V. In this case, better

case mix data were not available. Experts' opinion and additional

insights about hospital V reported in Section f;
do support the con-

clusion reached v.'ith DEA. .

Hospital J - Hospital J, with efficiency rating of .857,

is the hosi^ital v.'ith conflicting expert opinion and it v.-as

subsequently investigated in a field study described in P^'^t ^.

In this analysis we find similar mixed results as were found for

Hospital V above:

a. Hospital J has a V?as}iington index of 66 which exceeds

that of its tlirce ERS hospitals C (-53.7, D (=64) and
'

M (=57.4). Thus, J v.'ould appear to "have a more severe

case mix than its ERS hospitals which night have resulted

in underestimating J's efficiency because of an inadequate

case mix measure.

b. Length of stay for J is 11 days v.-hich is the same as C

(-11 days) and D (-11 days) but is lower than M (=12 days).

On this dimension, J appeared to have a case mix that is
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rouglily similar to its ERS car.c nix 'whicli v.-oiild tend to

support the DEA results.

c. The cost per day of J of $37 is lower than D (=$39) and

M (--$40) but hicjher than C (=$33), Here, again, the results

are inconclusi\'e because J is not uniforrp.ly higher or lov^er

than all the hospitals it is being compared with.

The above analysis suggests that a more refined case mix measure

may be needed to resolve the uncertainty about the DEA results for

hospital J which we will address in Sections C and D.
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^ • Application of PEA to Hospitals with Detailed Case Mix Data .

111 Section B ^'g resfjond to tlio cxporlr^' concerns about tlie

insensitivity of the age brc£ikdov,Ti as a case mix surrogate by using

the case mix index developed using 197G data for a subject of this hospi-

tals in this study. A case mix severity index was developed v^here 3

is tlie higher and 1 is the lower level of severity [621- This index

and otlier more detailed case mix data -were available only for the

hospitals that voluntarily participated in the case mix study. Vie

found that 9 of the 22 hospitals (B, CD, I, J, M, 0, S and V) had these

refined case mix data. Of the original 3 highly inefficient hospitals,

only J was in this sot. We chose to evaluate J with respect to the

other' 8 hospitals to help resolve tlie conflict aj^'.cng the experts.

If J is still found to be inefficient, there v.-ould be little room to

qualify this conclusion based on the inadequacy of the case mix surro-

gate. V?e also v.'ere able to revise the age breakdown to specifically re-

flect the percentage of days for patients >^ 65 years of age in t)ie MS

area (as opposed to using the entire hospital Medicare days percentage

used in our other DEA evaluations reported herein). The MS percent of patient

days _ 65 years of age is in Exhibit 2 column (9) and the MS case mix index

is in coluinn (10) of the same exhibit.

PEA Result s

Using the s£ime inputs and outputs we described in Section 2 except

for the revised patient age breakdown for over and under 65 years old,

tlie DEA results are presented in Table 5 for licspital J.
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.

Table 5

DEA Evaluations of Hospital J and A

Group of 9 Hospitals with Detailed Case Mix Data

Efficiency Rating of J

.849

Efficiency Reference Set (ERS)

of J and the factors (shadow

prices) assigned by DEA to the

ERS hospitals

C

.095

D

.872

N

.121

Comparison of Case Mix Indicators and Bed Size

Hospital

MS Primary Diagnosis
Case Mix Index
(3 = most severe diagnosis)

Percent of patient days
v;ith age >_ 65

(incorporated in DEA)

Bed Size

2.12 2.01 2.14 2.10

.50 .37 .56 .37

258 190 171 454
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Hospital J is again r^.tcd as inefficient: v.'it.liin this group and has the

same ERS as in pliat;e I using all 22 hospitals. The rating has changed

sliglitly due to use of the ir.ore accurate MS related patient age break-

dov.'n

.

This set of nine hospitals are not in the same state hospital group so

there remains a corrparability issue. VJe can, hov.'ever, detemine

wliether there is a sinilar case mix in these hospitals by reference

to Table 5. Note that the Hospital J's case mix index (=2.12)

is bctv.'een Hospital D's (=2. 14) and N's (=2.10) and well above

Hospital C's (=2.01). Thus, one ERS Hospital, C, has a distinctly

less complex 'case mix. The "factors calculated by DEA by v.-hich the

ERS hospital input/output vectors are v;eighted to develop the

composite hospital input/output vector are listed in

Table 5. These indicate the relative v.'eight assigned by DEA

to each hospital in comparing them to Hospital J. Hospital C

has a lower relative importance in this comparison so thiat J is

being compared more directly to D and N. If, for cxaruple, we

weight the case nix of the ERS hospitals in proportion to these

factor values, the composite case mix equals that of Hospital J '
.

((.095) (2.01) + (.872) (2.14)+(.121) (2.10)=(2.12)).

It appears that J is being compared

to hospitals which have similar case mix and that J is clearly less effi-

cient based on tlie inputs and outputs we employed for the DEt\ evaluation.
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Sc.ct_ion_^J - nva3u.il-..i on of a lioro Comparable! Subsot of the 22
Ho? .jj.i l.al:;

V.'c clioiic a sub;jot of tlie 22 lioKj^itals v;hich '.••ould be "
'

more; cor.iixirable ilian the entire group to dcteminc if the DEA re-

5;ults v.-ould differ from pliase I and wliether this \,-oiild resolve the

ii^sues noted about Hospital J described above. That is, more com-

parable )iospitals are expected to have similar activities, inputs,

and case mix. If v/e evaluate these comparable hospitals using DEA,

the remaining operational differences are then likely to be due to

varying degrees of efficiency because other variables V7ill have been

controlled for in the group selection pr6cess.

One set of hospital groupings, developed by the State Rate Setting

Commission (RSC) v.'ere accepted as groups of "comparable" hospitals by

the RSC for rate setting review purposes. Ten hospitals are included

in this RSC group, v;hich reflects tlie "less intensive" teaching hospitals,

We noted that seven of the original 22 hospitals are in this "comparable"

group which specifically includes hospitals J and V. We now

compare just these 7 hospitals in a common "comparable" group using

DEA to evaluate relative efficiency v.'ithin this group. DEA results

for this set of hospitals are believed to be less subject to criti-

cism that these hos^Ditals are not comparable, since these groupings

have been adopted and provisionally accepted to support rate regu-

lation, --: . '•
-*-

- DEA Results

Tlic results of DEA applied to this cross-section of comparable

hospital MS areas are included in Tiibls 6. Ke now consider

how these results compare with the earlier results to determine

whether comparability resolves the conflicts that arose (in- Section A.'

resvilts. -22-





0^ cir<Mt(^:-.t .interest an J'naco ii i".iiuj.\.L, j.;. ci.^i. i.»^ ^.. ^..^ -.---

lutals found r.',:.:it inoi f ic;.icnt J cind V, are aloO inefficient

when co:r,parcd to the £;maller more comparable group. The ERS for each of

these hospitalr, has changed to include only hospitals in this group but

similar results are found as indicated in Table 6.

Ho5< p I t^l J Pn aso .11 Results - Ineffi ci ent v;hen Co-pared v;ith

Coinoarab Ic )'OoPi bain

Table ' indicates that Hospital J, compared v.'ith a composite

of its tlu"ee ERS hospitals, produces t)ie same amount or fewer outputs

v;ith more inputs. If v;e accept the IB grouping as valid, then we can

assert tliat these four liospitals are comparable and that J is techni-

cally less efficient in producing the four outputs v/ith the specified

inputs. At tliis point it would be reasonable to accept the DEA results

that point to J as inefficient because we have already explicitly

considered case mix with respect to age in DEA and thiC cor.iparable

groupings suggest that there is further similarity in case mix and

in otlicr operating cliaracteristics v.'ithin tljis group. The data in

Table 6 tlien support tiie comparability of J and its E!^S. For

example, t}ie size of J's and its ERS hospital's KS areas is similar

(between 171 and 317 beds with J at 258 beds). J may have a more

severe case mix based on the V.'ashington index, but its average length

of stay is in the sam.e range as th.e ERS liospitals A, D and O. Thus,

This appears to provide additional evidence that Hospital J is inefficient.

We re-submit this result to the experts, as will be described in Section

Hospital V - Phase 11 Results

Similar conclusions to those of Hospital J apply to Hospital V, (see table f

except that in th.is instance, one expert with close knowled^je of that

hospital's operations indicated in Phase I that tliis hospital is believed

to be less efficiently operated.

Hence, Hospitals J and V appear to be inefficient when compared to these

more comparable liospitals.
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5.77

Table 6

Comparison of "less intensive" teaching Hospitals' MS Arf^as ,

Hospital

A

B

D

J

Q

V

DEA
Efficiency

Ratincj





5.70

Tablo 7'. J I .

Compjirison of llocpita] J v.'ith

MliSC GioMp IB Hospitals

Hospitnl J - DHA Efficiency Ratine? = .800

Hospital J
y!eciicaI-Sur:;ical p.rea

VS.

0/^ l\urse Training
u\

T
I
Medicare Days

I) j l\on-!iedicare Days
T /

SV Intern/Resid. Trainin;

FTE

Supp.

Bed days

Nurse Trn.

Medicare Days

Kcin-);cdicare Days

lnt/r;esid. Trn.





D . Rcr.2)onsG of Expc^rts to DF-A Results in Sections A, B and C.

The results of Sections A, H, and C v.-crc presented to the experts

Their reactions to DF.A results and other insights about the overall

analysis arc discussed in this section.

General Reactions to 'DCA Results.

0\'erall the experts strongly support the objectives and need for

the new DEA type analysis. Three experts specifically noted that

the eipplication of DEA to hospitals would be useful in identifying

where operations could be iirproved and tliey expressed an interest in

promoting further study of this approach to efficiency evaluation of

hospitals.

Generally, the experts agreed that the specific hospitals iden-

tified as higlily inefficient with DEA was reasonable. The conflict

over the hospital J is effectively resolved in the subsequent Part 4.

This conflict was the result of a strong dissenting opinion of only one

of the experts. Two other experts strongly concurred with the DEA evalu-

ation of J. Overall, the results of the DEA analysis were believed to be

accurate with respect to the three highly inefficient MS areas identified

by DEA with respect to the selected inputs and outputs.

Feasibility of DEA Application

a) Data. The experts wore sy-Tpathctic with data comprondses

needed to complete this DEA evaluation. V.Tiile tlie data used were

generally comparable, there arc undoubtedly sorr.c errors which are due

to hosj^ital rci-orting systcns or hum^n error. In addition, one expert

-2A-





provided an oxninplo of one \.'ay tlio D1:A ro5;!j].ts night be bia.secl.

Thort: is a nurr.inq sliortagc v;hich is affecting certain hospita].5j nov;

more tlum \n 1976. One lior;pital J.n the data cot ir, knov.-n to be undni

staffed v;ith respect to nurses. Their inputs are consequently lower

than tliey should be based on nanJiyement' s judgment and this may be

reflected in somewhat lo'.ver quality even though this quality differ-

ential is not objectively identifiaisle. This hospital v;ould appear

to bo more efficient than it v.-ould be under norr.al fully-staffed

circu^nstances. Understaffing could also make other hospitals appear

to be inefficient with DEA 5 f these other hospitals are compared to

t]ie understaffed hospitals. Some of these biases in the DEA results

can be identified by further analyzing those results v.'hich appear

incongruous v/ith experts' e;-:pectfitions. For example, a data correc-

tion is located in reviewing DEA results in the subsequent Section 4.

Other X-'i'oblems of this nature may require specific adjustments and

some will bo difficult to locate v.-ithout extensive study. This

data related problem v;ou]d aifect DEA results as well as re-

sults using other evaluation techniques.

Improved case mix data are li):cly to be available in the near

future to allow for more precise hospital comparisons. The ability

of DEA to incorpor£ito case mix data in specific detail v;as welcomed

by several of the exports.
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1)) Si-lcct'-ion of Tniuibf; <'ind Oi ]tTnit.f.. Allliouyh Uiorrj arc not

belic^vod Lo he i;ub<;l;aiit i.al difjCorcnccs in dc-partnc-nts in )iospil;als,

the KS Jiouadary problems noLc-d in Section 2 will

)iave .so:no impact . Tlio DEA results ,;ould have been more readily en-

dorced liy the experts if the potential MS differences v;ore specifically

reflecLcd in the input and output measures used. At the same time,

current reivorting systems do not provide these data. If DEA was foriri-

ally adopited for hospital evaluations, the related reporting require-

ment to provide accurate and comnarc'ible data would have to be specif-

ied. Comparisons of entire ]io5;pitalE v;ould also reduce the department

boundary problem somewhat. Nevertheless, within the .M.S area of the

22 hospitals, no expert was aware of differences which v;ere knowii or

believed to bo so substantial as to alter tlie overall results with

respect to tlTc highly inefficient liospitals.

The following analysis further supports the experts' reactions

cTnd resolves the conflict about Hospital J. Specifically, it indi-

cates how the DEA methodology can be helpful in diagnosing ineffi-

ciencies within a liospital identified as inefficient by DEA.

Section ^. - Field Study of Hospital J - Verification of Inefficiencies

Identified by DEA _.

The DEA results appeared to be reasonable to the experts familiar

vith the hospitals in the data set, the inputs and outputs employed, and

the meaning of the DEA evaluation. The only exception was with respect

to hospital J, where our expert strongly disagreed.
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Ill l.lur; pli.iijc V, v/o iiddicsfj Lin: finer question of w'lether the D1>A

infornation can help iocc.tc technical inefficiencies v;ithin an

inefficient hor.i)ital and v;)u:tl)cr this infornation can be translated

into manncjerial action to improve efficiency of hospitals.

The DEA results for hospital J v;ere presented to the executive

director and the director of finance of that hospital. Our objec-

tive was to verify the existence of the inefficiencies noted by DEA

determine if these inefficieiicies can be reduced via managerial

action. Based on Table 7 Hospita] J
_

'

_ _

has inputs in excess of the composite of the hospitals in its ERS

as follov.'s:

Composite Inputs

of Hospitals

A, D, and

(from Table )

Excess Inputs of

Actual J co:rLpared to its

Hospital J ERS Hospitals

Input Level (froni Table)

Full Time
Equivalents

Supply Dollars

Bed Days

195 250 55

$133,670 $316,000 ' $182,330

85,310 94,400 9,090

The ERS hospitals also had 34 more Intern/Resident Training out-

puts than Hosj^ital J (see Table 7). The data for these four

hospitals' MS areas were again verified with the rate setting commission

reports to be sure that the extremely high supply dollar amounts in Hospital

and other 'variables accurately reflected the data reported to that agency.

A ratio analysis v.'as also completed to determine if this seemingly

hicjli inefficiency level of hospital J found in phases I, II and III

would also bo evident with, simple ratios and because ratio analysis
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„, ,.„a., . ha. .*e hi.hc.t P^. supply .»Ua. an. ..a .ay inputs

,,,.t oc«..na,.y rate, in «iation to pati.nt .ay o.tpats wUhost

„..„„t„.nt .or ca.c »i. or tea=Un, cotputs. «=nco, . aPPear. to

„,.,„ano.co==ivoa™onnto.t,K.et.r.einpatspar.naa,.stec,

ge

(low

any

be

patient clay of care

Note that the ratio analysis approach used by the rate setting co.^-^

mission would not have identified 1 as inefficient because its costs did not

exceed one'standard deviation above the group n.ean. Ratio analysis .ay,
.

however, be use. in tandcn with -A to t-e crtont that it can
. .

exe^ine inaividual relationships between variables when ineffi-

ciencies are believea to be present. Katio analysis cannot be easily

.aiustea, however, to incorporate the multiple inputs an. outputs

..a it is not so aajuste. by the KSC or in Table 8. Based on

the m. results and wit., no prior .nowledge that hospital . was

.neffioient, we have been alerted to the existence of inefficiencies and

„„-on-nl Ts use of 3 inputs to produce

„e are now able to focus on llo=.pital J

, types of outputs. It is not clear that this sa.. result couM

„ave been as cUrectly' achieve, by evaluatin, all possible ratios.
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5.103

Tabic- 8

Comparative 1976 Medical-Surqical Area Statistics

Hospital J compared vith its EP.S hospitals in the couiparable

group oT'^teachiiig hospitals

Hospital

:

FTE/Patient Day

Supp/Pationt Day

Occupancy Rate

Cost Per Day

Avg. Lcngtli of

Stay

Efficiency Reference Set Hospitals for

hospital J leading to a DEA efficiency

ratinq of .88 for hcsuital J in Dhase II

J





'i'hv ou'cutivc di.'cctor tind financial lajiiacior of I!c;jpitol v7

were yivan an cvorview of the-. D;;.a ryjLliodology ^nd results.

They }iad already bc^cn l^riefed by one of our experts about this study

and its conclusionr. v;ith respect to llo^pital J, V?e cxp]ained that

the data are A years old, that they relate only to the MS area, and

tliat the inefficiency did not necessarily reflect managerial weak-

nesses. Management indicated that the-' wore surprised at the finding

because they monitor their activity closely and felt their operating

ratios were at least in line with Massachusetts teaching hospitals.

Hospit al J'r. Management' s Response to PEA EvaJuaticn

Hospital J's management's response to the DEA results

are dcscri.bcd below.

1) No substantial differences between these hospitals MS area

data were believed to exist. Although hospitals may he moti-

vated to adjust data to maximize their reiiriursem.ents in

different ways, this was not believed to be a serious issue

witli respect to the MS area data submitted to the

RSC and used in this study.

2) Data reported by Hospital J were traced back to tlieir

intei-nal records and were found to be accurately reflected in

the input and output variables used in the DEA evaluation.

3) The MS area was believed to be similarly structured

among all teacliing hospitals that J was aware of. vrnen we raised the

issue of v.'lietlier other tasks like housekeeping and dietary services

were assigned to t:Me MS area, it was dismissed by J's man-

agement as unli);ely to account for the DEA results with respect
'

to J and the EUS liospitnls with which J was directly compared.
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A) A comprehensive cane mix mennnre wns noted as being

absent, althour^a this topic was not probed in any depth.

5) Explanations for inefficiencies located in Hospital J

required more in-depth analysis. Three distinct explanations

were found and verified as possible explanations for the degree

of inefficiency identified in Hospital J as follows.

a) Exce ss Supplies . Tlie Hospital J accounting system

charges supplies used on the MS floor and supplies chargeable

directly to patients to the MS floor during the year. At the

end of the year, the supplies chargeable directly to patients

are transferred out of the MS area. v:e verified this transfer

which amounted to $1A1,000 (transferred to Central Service Smolies

(CSS)). Hospitals A, D and had no such transfer on their

AOl reports suggesting that this was unique to Hospital J, at least

araoung these four hospitals. Thus, Hospital J's nct^ supplies, which
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never appear an such in our data, actually v/ere $17'1,900

(31!), 900-141, 000) . (P,evi.scd DEA results v;ith this adjustment

axe described below.

)

b) Excess Hospital Beds . The occupancy rate of Hospital J

was CO':, in 1976 and £-'r.ong the lowest for teaching hospital MS

areas in our study. Subsequent to 1976, Hospital J's management

acknowledged the need for a bed capacity adjustment and their

number of beds in MS (and hospital-v;ide) v.-as reduced after 1976.

Certain of these beds attributed to J in 1976 v.'ere described

by management as less than full service beds which v;ere actually

available only for emergency use. Thus, J's capacity was over-

stated in 1976. MS area beds in J decreased from 258 in 1976

to 235 beds in 1900. This was verified by reference to subse-

quent years 'reports. (v?e did not determine if other hospi-

tals also decreased their ijumber of MS beds.)

c) Excess MS Staff . Management ' of J are aware that they

have a "richer" (higher) staff to patient ratio than many other

hospitals. Tliey claim this is done to maintain a higher quality of

life for paticnits and that tliis is believed to lead to other benefits

such as greater contributions from the comjtiunity J serves. The

staffing level was compared with about seven hospitals against which

J was believed by its ranagement to be comparable.
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DcTsed on t-.hose data, the

director of finance ostinatcd tl";at J had an extra 0.15 paid

hour i->cr patient day v/hich translates to about 5.4 extra FTE'i

per year in the MS area.

Vrith this information, a revised set of DEA evaluations v;as

completed to determine the effects of this now information on J's

efficiency rating.

Revised DMA evaluation of Hospital J based on field diagnosis

In Table 9 we compare the adjustments that our DEA evalua-

tion v;ould prescribe to make J efficient compared with the adjust-

ments suggested by Hospital J's management.

Table 9

FTE '

:

Excessive Inputs
based on DEA eval-
uation of Hospital
J (Table 5.8)

Bed days
Available

55

5090

Supply $ $182,230

Input Adjustments
and Excesses

Noted by Hospital Cause of Excess
J Management Inouts

5.4

6935

141,000

Intentionally richer
staffing .

Reduction of 19 beds
to compensate for low
occupancy rate

Transfer to CSS area
due to unique account-
ing system

There are several possible paths to make hospital J •

^^°^*^ efficient and it is management's j^rerogativc to select tlie

-32-





mor.t sensible palli. The question vc nov; coi*]5idcr ir. v;hGthor l.he

o
polh dei;cribc:cl .in Colvi;.ni 13 cl" Tabic "^ vould make J efficient.

The supply dollar cxces.'j in colurrm B of Table 9 is effec-

tively a correction of the data. Bed day excess in colmrin B reflects

£in inefficiency acknowledged by nianagement v.'hich v.-as subsequently

adjusted. The excess FTE inputs are intentional and still subject

to potential review by regulators because of the potential cost

savings and iirprovcment in technical efficiency that p.ight result

from a reduction of FTE inputs.

Vv'e first considered what J's efficiency rating would be with

the supply data correction and the reduced bed days available level

reflecti.ng the level of efficiency that \."ould have existed if the

beds were eliminated in 1976. The revised efficiency rating for J

v.'as 0. 9G v;liicli indicates tJiat J is still inefficient after these

adjustments, althougli substantially more efficient than it originally

appeared in the initial results in Section 2. (This assumes other

hospitals did not reduce their bed size.)

VJe now include an adjustment to reflect the acknowledged rela-

tively high FTE level and rervm DEA to reflect a reduction of this

input by i>.A FTEs, This is the amount of reduction needed to bring

J into line with otlier hospitals according to J's management. This

resulted in an efficiency rating of 1.0. If J reduced its personnel

by 5. A, the MS area would no longer be teclmically inefficient in

comparison with this group of hospitals. No further explanations were

considered necessary as the set of adjustiuents noted by management
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v.'ore ndcquato lo iucrc.ij.n the cfliciency to 1 and v.x-re verifiable as

rea.sonablc i:i lic:ht of the hospitaj's circu:riritances . In essence, tliic

rer.olvcn tlie conriicu over J, as its ina;iage)P.ent has pointed to areas

on tlie DKA evaluation wl^ore th.ey admit to excess inputs in the 1976

data.

The results of this study support

the validity of DEA results in locating the highly inefficient units

and the potential feasibility of using DEA as a tool to locate such

inefficient units. VJith no a priori knowledge about which, if any,

of the 22 hospitals were inefficient, and with existing groupings and

ratio analysis approach pointing to hospitals other than J, V and N

as hiq'ily inefficient, these hospitals v/erc accurately identified

by DEA as inefficient based on judgnient of the experts. Beyond the

experts input, the field study of hospital J indicated that the apparent

inefficiency was real and identifiable by managenent of the hospital.

Hospital J's inefficient DEA rating was due to both data error and

managerial inefficiency, furtlier reflecting the potential analytic

capabilities of this methodology. Thus, DEA results, when properly

interpreted, could identify inefficient hospitals, and also j^rovide

meaningful information to help locate technical inefficiencies within

hospital units.

5 . DEA in }!Ospital Setting s - A Management and Regulatory Tool

The reactions of th.e experts described in tlus chapter v,-ere

directed toward assessing th.e validity of DEA results. U'e also asked
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the experts to addrass a related in.u. if n"^ ,• r^-..ur. li D^^;^ ^g found to be
reliable, i, u a tool which v/ould be of vaJuo .. , •

•
'^'^'^'^ to hospital management

or regulators. Based on expert :Judg.ont, the DEA result^ aoo .'^'-'1 /-e suits appear to
be reliable at least with rosoect f n < kicspect to the more inef ''inV.n*- >,^. x. -,j-iii_j-_xcient hospitals.

•
'-^ "°>^ review the responses of exnnn-r. . ., .exports on the feasibility of using
this technique in practice.

ponse froi?, our exDerts was wifh >-^with re.pect to use of DEA for cor^paring
hospitals by their administrator^ • rhi. .-Loi.. Tnis type of analysis appears
to be o. ,re.t ...e.3t to .o.pUa. .„,.a,„s. .., ,,...,, ,„„,;^,
co»...aU.e .„a...,e. to .™. extent U.o.,. ..,e. ,.,3 co™.or..e„-
sive techniques like ratio analysis n-A . •H'^-iiois. Dr,A evaluations would allow
a-i.i3....o.. o. ..3P.U.. ..„,,,,, ,3 ,„^„,^^^^^ ^^ ^^^^^^^ ^_^^^,^
-=ul..s in .„,,,,,,,„ „,„, ^,,^ ^.^^^^^^_^^^, ^^^^^^^^_^^ ^^^^^^^^^^^^

Administrators miqht firc-i- ^-ght first consider whether data problems or incon-
sistencies contribute to the result n. .u .result. Once the data issues were
resolved, the DEA results might point to th.

It point to the presence of technical
inefficiency as occurred with Hospital T r^'^-Pital J. Management could then in-
vestigate the procedures used by other mor. .fvy otner m.ore efficient hospitals to
.et...„. .... ,,.3. ,,,.„ ,,,,^,^„^^^,^ ^^^ ^^^^^^^^ ^^^ ^^ ^^^^^^^^
- t,.o3e t.o.„i,„e3 c» .e „3e. .0 i.p.... .,. i„e.,.=i.„, ,„3PUaU.
operation.

«PPlyin, ... o„ a .,.a..„c.„tai .a.is ,,ou:a an.„ the ,.„eraZ""""""" to ,.0.. t..i. ..,„,_,3 aoco.«aMa .0. .., i„.,.
^-io„oi„3 aooatoa i„ oo.pa.i3o„ to ot.e. 3«n.. aepa.t.e„ts i„

-35-





other hor.pitals. Such .inefficiencies, v.-hich are Eonov;hat like produc-

tion variances, would cither }iavc to bo justified based on other fac-

tors excluded in the DEA analysis or investigated to determine liow

their input-output relationship car; he ir.proved to the level of tlie

more efficient hospitals' departinents.

Such management application v.'ould, of course, have to be tem-

pered by behavioral consideration and by coiitrolling the aiMOunt of

gami.ng that develops around any measurerient technique.

b) Use of DEA as a Regulatory Tool . Several experts believed

that DEA was potentially useful for regulatory purposes.. They pre-

ferred the use of DEA as a tool to he.lp regulatory agency auditors

locate inefficient hospitals for purposes of encouraging those hos-

pitals to improve operations rather than to penalize them for their

inefficiencies. DEA results can be used by regulators to educate in-

efficient hospitals about where they appear to be relatively ineffi-

cient .

DEA miglit also be useful as an audit tool for regulatory pur-

poses as an additional tcclinique for screening out inefficient hos-

pitals. Here, hospitals found to be inefficient might be penalized by

reducing their reimbursement rates, preventing thero from applying for
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certificates of need until they ir.prove efficiency, etc.

Use of DE7^ as a regulatory too.t i.aises questions about tl;e po-

litical and legal fcafjibility of penali^ii.g hospitals ' inefficiencies

via rate setting or other methods. Tv/o experts, one of v;hom was

the chief executive of a health regulatory agency, described this

aspect of the regulatory process as follows. Politically, DE7i v.'ould

be subject to the same pressures that are exerted on any such method-

ology. Hospital administrators would assess the L-apact of using

a technique li):e DEA. Those administrators v;ho expect to be penal-

ized by the results would be motivated to attempt to liiTiit its usage

or oppose its adoption. If a large nurriber of hospitals or a small

group of politically pov;erful hospitals expected uZh to be damaging

to their institution, there would be much, and possibly successful,

resistance to the methodology.

The regulator^' agency v;ould have to be convinced of the

reliability of DEA in liglit of these hospitals'

objections, and v.'ould then negotiate the way it was to be used with

those opposing its adoption.

Once such a technique is adopted, the legal feasibility

issues w]iich may arise will generally relate more to the legisla-

tive powers of the agency than to the methodology itself. Courts

have overruled health regulatory agencies where their actions were

interpreted to exceed their statutory authority. If this were a

limiting factor in the use of DEA, it v.'ould relate only to the

anticipated use of DEA under the agency charter rather than to the
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cjiionLioM of whc-tlicr it i'J an uppropri ale metliodology for that pur-

l>osc. If the DUA ;:j">j:>roach v/ore adoptccl by 'uich an ngoncy after

tlioy sinidi rd it and fc5U!id it to bo r(-'lia):jl.G , the burden of proof

ay to the nietliodological v;caknes;-.e.s v.-ould rest v.'ith the regulated

parties, i.e., the hospitals. Generally, the regulatory agency is

viewed by the court as the expert v;itli a staff capable of assess-

ing the regulatory methodologies. Consequently the court v;ill tend

to support the agency unless the opposing side can produce convinc-

ing evidence to discredit the methodology. The test generally applied

is whether the methodology is good, and v;hether there is a better

approach. One exi^ort who specialities in issues of health law

v;as av.'are of no cases where the courts found a regulatory agency's

selection of a methodology to be unsupportable, and thus illegal.

7^s tlie quality of data improves, tlie inputs and outputs will

CO closely reflect the true activity levels of hospitals. This

should ullov; for much more rigoro\is testing of DEA. If expanded

tests further support the findings of this study, t>iis proven relia-

bility of DEA vrauld decrease the li}:elihood of successful political

and legal opposition to its use in a regulatory setting.

Qualification - Weaknesses in the "S:-r5ert ^enchr.srk"

DE.1 was applied to a set of teaching hosritals'

ncdical-surgical areas. This application re~j.:ired several con-

pronises in data specification froni an "ideal" data "base, llie DEA

results aijpeared reasonable to our set of experts knowledgeable

in cany aspects of hospital nana-enisnt. Cn -„he other hand, frcn

experience (or otherwise) the exports tonied to rely on ratio

analyses and past experience without adequate appreciation (we think)

nior
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of the posr.jbilitier. that DEA offers fcr hcinilinc rnany r.ore variables

than thcije (or other) hoi-pital experts ari aocustcr-.cd to considerinr;.

Evidence fron this qua.rter must also be qualified because each

expert jud-^rient is more likely to be qualitative and subjective than

quantitatively oriented and objectively verifiable. Furthermore, there

are other limitations such as:
'

* The experts could not cornpa,re all of the hospitals vithin a large

sample in a relatively even nanner but tend rather to have dets.iled

knovledge based on experience vith only a subset of these hospitals.

For exajnple, no expert consulted v.as willing even to rank all the

teaching hospitals in our study in part because of the multiple

dimensions involved and possibly fsr other reasons as well.

• Expert opinions also tend to reflect a r.-.ixture of consideratio:;s

such 0.5 hospital prestige, effectiveness, eccno:";ic efficiency,

staff quality, teaching quality, etc., and it 3S not liliely

that such experts could segregate issues of technical cy

from other issues, as is done via DZP.. Alternatively this cay be

regarded as a strength in the use of such experts to guard

against deficiencies of DEA in its focus on issues of

efficiency v;hile ignoring other performance dimensions. ' '

< EAperts may not be aware of specific hospital department

efficiency levels and nay therefore project their overall

hospital evaluations to the department being evaluated even

..when asked specifically to assess only one department—the

medical-surgical area.





• Expert:;. :;i:ty also confuse different types of efficiency

includinr; ;:cale and allocative efficieacjes rather than con-

fining^ themselves only to technical efficier.cy in assessing hospitals,

This :r,ay be further reinforced because of the hea'.'^/ e^iphasis

placed on hospital cost containment in recent state and

federal legislation vhich emphasize issues of "best" price or

need for a service (effectiveness) very prominently while

leaving other issues in the background to some extent. Conse-

quently, experts may need to be trained or oriented to independently

assess technical efficiency--the object of this study—and then

to go on to other t;vT)es of efficiency, too, g„„u

and allocative efficiencies.

^ ^ , "r.ss'cital incentive
Current

9

systems do not revard administra'ors for improving their

hospital's technica] efficier.cy even "ho'jgh this is one

avenue to cost reduction. (This condition arises because the

hospital rate setting systems have ger.erally reimbursed

hospitals for their costs, regardless of whether they reflect

efficient or inefficient costs). Consequently, these

adninistrators r;ay not be adequately trained or oriented

tovard any types of efficier.cy evalu£"ion.

Qualificat Jon - Cor^plcteness of 7;ZA in Licatir.r Inefficient

Hosnitals

The field, evaluation of one of the hospitals v'ith a low

DFA efficiency rating verified that there were distinct areas of

inefficiency as well a.s data problems which were accurately reflected

in the DhA results. Furthermiore, this hospital, would not have been
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identificd ar. inefficier.t ly the cy.iz'Ar.:^ 'rVf-l-^tion "'-•cho.nisms

used in M'iGs:ichu3'-tts. Kcvertheli'ss, c:ll cf t'r.z hocpitals in the

stucy co'ild theoretically he technically ir.r:'':'i:;ier.t. ^ven if HlilA

vere operatin^r, perfectly in itr } centif ica-.ior.r,, it can only locate

relative inefficiencies •v.-'r.op. applied --o da-a se-s, as ve used

then, without external knovled.-e ahout absclutc-ly attainable levels

of efficiency. Tnus the efficient units are r:zz necessarily

technically efficient in an' absolute zense.

Verification of such efficiency ~i^ht be -ir-dertaV-en, of

course, but vith our- limited resources ve ;sncer.trated on the

least efficient hospitals. Thus, even thc-jgh DIA vas found

to be accurate in these dirT-.ensions , it rer.alns to be seen vhether

the efficient units vere also correctly identified by site visits

and studies instead of relying only on the concurrence of a body

of e:cperts, a.s ve did.

Strengths and linitations of T)?A in Vse as a ManaKe-ent Tool

in the Health Care Sector

V7e nov.r consider the use of DZA as a mananezent tool for the

health care industry and discuss the relative s-rengths and limitations

of such applications. There are at least tvo potential user groups

vho nay benefit from use of DEA in the health care sector: (l) health

care managers vithin hospitals, and (2) regulators of hospitals.

The regulators nay complete hospital efficiency assessments either to

deterr.;ine v,'hich hospitalij arc inefficient; or to determine v.'hich

hospitals require additional management services to improve their oper-

ations. They ray then need further aid to determine hov;- best to

penalize the inefficient institutions and to r^r:;viGe incentives





for improving operatior.-j ;.'.r.d reallocating resources. Beyond thiy,

a regulator inicht use DEA to cull out inef ficier.": hospitals froT. the

rate setting base, thereby establishing reir.burse-nent rates based only

on the ir.ore efficient hospitsls.

Health care managers, such as hospital aitinistrators night also

utilize DEA to evaluate the techr.ical efficiency of their hospital and

its departnients compared with other hospitals.

V/liile DEA appears nost directly useful as a tool to identify relatively

inefficient hospitals vithin a set of ho£pi"als, these user groups nay

find the additional analiytic capabilities provided by DZL-\ to be of value

as veil. After a hospital or hospital department is identified as

relatively inefficient, DEA may be used to perforr. various sensitivity

and/or "vhat if" analyses. While the variety and number of possible

sensitivity analyses nay be endless, depending on the imagination

of the user, ve note a fev exa-mples to illustrate the t;.^es of issues

that might be analyzed via DFA as follovrs:

- What changes in operations vould make the inefficient
unit efficient? Here management might propose various
possible vays of reducing inputs or increasing outputs. Each
of these alternatives might be compared vith other. hospits.ls

to determine vhich of these alternatives •..•ill make the
hospital or department technically efficient.

• Ho•^^^ sensitive is the hospital's efficiency to alternative . .

input/output specifications? vrhere alternative se~3 of input
and output neas-are are used, DEA can be reapplied to determine
if the conclusions about one hospital's inef ficienc;: is heavily
influenced by the choice o'" input and c-utput m5as-j.:-es.

For examole, the use of raticnt versus Patient dav as

an output measure m.ay lead to different conclusions about
a hospital's efficiency. Unless one of these is determined
to be the "proper" measure, both sets of res^alts may have
to be considered. This c?-pability is particularly important
for hospitals, since there are currently n'-unerous but no

authoritative taxonom.ies of outputs and inputs and •^ays to
taeasure tliem.
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Are inefficiencies due t.o cirrcr.t ~ar.:i~er.ent pra.ctice

or to characfceri ;:tic:j of a hcspit?.! that c2.r.r.ot be varied at
tiie dicicretion of np.ns,,-e:nent? Certain inputs, like the a^e and
quality of the p.lant, nay not be ?or.tro.llatle over the short run
but nay contribute to overall technical inefficiency as calculated
by. DEA. In such situations, a Dll-'. evaluation can be redone v,'ith in-
puts altered to reflect thene noniiscretionary inputs at an
efficient level. See Cp.3'J The resulting analysis vjould suggest
whether such a ho.-pital was still inefficient after nondiscretion-
ary input are effectively filtered out of the efficiency assess-
ment .

Use of PEA in Concert vith Other Evaluation Tools

As ^.'e have already noted, DE.A assessments vill help identify

inefficient units and the potential location of z'r.e inefficiency,

e.g. vhich departnient is rclativcZy inefficient and vhich inputs

or outputs appears to contribute to the inefficiency. The specific

location and cause of the inefficiency and the re::;edy to ir.prove

efficiency would require use of other Operation Research techjiiqxies •

or Industrial Engineering methodologies. In addition, other

techniques, like ra,tio analysis may help locate operating relation-

ships vhich relate to other inefficiencies. Eor exar.ple, the

analysis in section 4 of the hospitals in section 3-C indicated that

one hospital appeared to be cost inefficient by virtue of an excessive cost

per day ration, a statistic which is of key interest to regulators.

At the sa!;;e tine, DEA foimd other hospitals in the group to be

technically inefficient, a result that vas not available fron the ratio

analysis but v'nich could also lead to t!:e desired reduction of cost of

hospital care.

DEA is a nev nothodology v/hich potentially can strengthen the

ability of a. manager to assess efficiency and it appears to be a technique

that could be added to the analytic tools now used by r.anagers. Once a
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dat.a b-.)3e ir; dcvelopei to capture the relevant ir.puts and outputs for a

DEA analy:-is, the incremental cc". of running a :ZA analysis is com-

parable to that of runnin- --nj^ linear pro=7:raj"jr.inr pac>:age, and should

therefore be quite r.cacot. Hence, ve i- not believe the use of DZA vnll

be reduced to a question of v/hich anal---tic resources the institution car.

afford. Rather, it is likely to be a cue.-tioa of vhether DHA shculd

also be used, a.nd i.n vhich vays .
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