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Significant increases in health care costs in the past decade have stimu-
lated demands from employers, insurance companies, consumer
groups, and others that such costs be brought under control. These
demands have sparked continuing debate about the roles individual
hospital characteristics might play in producing meaningful hospital
efficiencies. However, despite concerted efforts to identify relative effi-
ciencies across individual hospital characteristics, considerable uncer-
tainty remains over the effects of even the most commonly examined
factors (e.g., for the debate over the role of for profit versus not-for-
profit ownership, see Arrington and Haddock 1990; Becker and Sloan
1985; Ginzberg 1988; Gray 1986; Herzlinger and Krasker 1987; Run-
dall and Lambert 1984; Schlesinger, Marmor, and Smithey 1987;
Valdmanis 1990; and Wheeler, Zuckerman, and Aderholdt 1982; for
discussions on the role of system membership, see Ermann and Gabel
1984; Shortell 1988; Watt, Renn, Hahn, et al. 1986; and Zuckerman
1979).

Uncertainties over the role of individual hospital characteristics in
determining variations in costs and efficiency, however, are not unique
to the recent decade but span many years of research. In the 1960s and
early 1970s, for example, the role of hospital size was hotly debated
only to remain unresolved, primarily because of an inability to control
effectively for variations in hospital outputs (Carr and Feldstein 1967;
Feldstein 1967; Klarman 1970; Mann and Yett 1968; and Zaretsky
1977). The importance of this problem spurred much research and
development effort, culminating in the creation of various case-mix
indexes (Hornbrook 1982a, 1982b; Jeffers and Siebert 1974), the most
prominent of which are the diagnosis-related groups (DRGs) measures
used by Medicare. But even with improvements in methods and requi-
site data bases for measuring case mix, the problem of controlling for
the diversity of hospital outputs continues to complicate the study of
hospital costs and efficiency.

The purpose of this study is to examine the effects of selected
hospital characteristics on variations in technical efficiencies, while
accounting for multiple hospital outputs and inputs across all urban,
acute care-general hospitals in the United States. Specifically, four key
hospital characteristics of obvious importance both conceptually and in
terms of public policy concerns over the control of hospital costs are
examined: hospital size, membership in a multihospital system, owner-
ship, and payer mix. The literature dealing with the effects of these
characteristics on the behavior and performance of hospitals is exten-
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sive. While not reviewed here, it should be noted that considerable
variation in findings remains in that literature regarding the effects
each of the characteristics has on hospital performance (for some over-
view discussions, see Gray 1986; Flood and Scott 1987).

In designing the study, a variety of approaches for handling out-
put and input diversity were considered, including use of indicators or
ratios, or examination of aggregations of individual indicators using
various weighting schemes (Hadley, Mullner, and Feder 1987; Feld-
stein 1967; Grannemann, Brown, and Pauly 1986; McGuire 1987;
Ruchlin 1977). Ultimately, an innovative technique that simultane-
ously takes into account multiple outputs and inputs in the computa-
tion of overall levels of efficiency was adopted for use in this study.
That technique, called data envelopment analysis or DEA, is discussed
further in the next section (for a description of the DEA software used
in this study, see Ali 1991).

APPLICATION OF THE DATA
ENVELOPMENT ANALYSIS TECHNIQUE

Data envelopment analysis is a tool in which linear programming is used
to search for optimal combinations of inputs and outputs, based on the
actual performances of, in this case, hospitals. The program evaluates
the technical efficiency of each hospital relative to 'optimal" patterns of
production, which patterns are computed using the performance of hos-
pitals whose input/output combinations are not bested by those of any
other comparison or peer hospital. The way in which the DEA program
computes efficiency scores is explained briefly using mathematical nota-
tions (adapted from Charnes and Cooper 1980). The efficiency scores
(EJ) for a group of peer hospitals (j = 1 .... n), are computed for the
selected outputs (yg, r = 1, . . . s) and inputs (xv, i = 1, . . . m) using the
following linear programming formula:

S

UrYro
Maximize: E= r=1

Vi Xio
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s UrTY

Subject to: r c 1

i1

u. vi > 0 for all r and i.

In this formulation, the weights for the outputs and inputs, respec-
tively, are Ur and vi, and "o" denotes a focal hospital (each hospital, in
turn, becomes a focal hospital when its efficiency score is being com-
puted). Note that input and output values as well as all weights are
assumed by the formulation to be greater than zero. The weights Ur and
vi for each hospital are determined entirely from the output and input
data of all hospitals in the peer group. Therefore, the weights used for
each hospital are those that maximize its-the focal hospital's-
efficiency score. The program also identifies a group of optimally
performing hospitals that are defined as efficient and assigns them a
score of one. These efficient hospitals are then used to create an "effi-
ciency frontier" or "data envelope" against which all other hospitals are
compared. In sum, hospitals that require relatively more weighted
inputs to produce weighted outputs or, alternatively, hospitals that
produce less weighted output per weighted inputs than do hospitals
defined by the program to be on the efficiency frontier, are considered
technically inefficient. They also are given efficiency scores of less than
one, but greater than zero (also, see Charnes and Cooper 1978;
Charnes, Cooper, and Golany 1985; Morey, Fine, and Loree 1990;
Rosko 1990; Sexton 1986; and Schinner et. al. 1990).

In this article, a hospital's peers include hospitals located in its own
local market or, in cases where too few peers are available for computa-
tion of reliable efficiency measures, hospitals located in markets that
have similar area characteristics. By comparing each hospital's effi-
ciency to such peer hospitals, local environmental variations are con-
trolled implicitly in the computation of efficiency scores.

DEA is a recent addition to the collection of quantitative tech-
niques available for the analysis of organizational performance. Devel-
oped by Charnes, Cooper, and Rhodes (1978), DEA is an extension
and generalization of Farrell's (1957) efforts to measure the efficiency
of economic entities. The method can have some very practical value
for planners and managers. (For a good examination of DEA's poten-
tial as a management tool, see Epstein and Henderson 1989, and for an
extensive bibliography of publications on DEA and its applications see
Seiford 1990.) However, our purpose in using DEA is not to provide
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managerial input but to compute the relative efficiencies with which
hospitals combine major categories of inputs to generate general cate-
gories of outputs typically produced by hospitals.

Numerous examples now exist in which DEA has been success-
fully applied to the study of health care organizations and profession-
als. Papers by Sherman (1984, 1986) and Nunamaker (1983) were
among the first to apply DEA measures to the study of hospitals,
having examined hospitals in Massachusetts and Wisconsin, respec-
tively. Grosskopf and Valdmanis (1987) applied DEA to the study of
urban California hospitals, and Borden (1988) applied it to the study of
New Jersey hospitals. Ozcan, Luke, and Haksever (1982) evaluated
ownership and performance across hospital types using DEA. A partic-
ularly interesting application of DEA was provided by Morey, Capet-
tini, and Dittman (1985), and again by Capettini, Morey, and
Dittman (1985), to the analysis of rate setting for Medicaid drug reim-
bursement. In these studies, DEA was used to measure the efficiency
of pharmacies and to investigate the use of DEA in establishing alter-
native policies for reimbursement. More recently, Huang and
McLaughlin (1989) applied DEA to rural primary health care pro-
grams; Sexton, Leiken, Nolan, et al. (1989) to the Veterans Adminis-
tration medical centers (VAMC); Sexton et al. (1989) to nursing
homes; Chilingerian and Sherman (1990) to physicians; and Schinner
et al. (1990) to mental health programs.

Collectively, such studies demonstrate that DEA is an effective
technique for evaluating the efficiency of health care providers, given
varying input mixes and types and numbers of outputs. It is important
to note that none of these studies examines hospital efficiency on a
national basis as is done in this study. (For applications of the DEA
technique: to education, see Charnes, Cooper, and Rhodes 1978;
Charnes and Cooper 1980; Bessent and Bessent 1980; Bessent et al.
1982; to governmental or military organizations, see Bowlin 1986,
1987; Charnes et al. 1985; to legal systems, see Lewin, Morey, and
Cook 1982; to production, service, or transportation industries, see
Byrnes, Fare, and Grosskopf 1984; Sherman and Gold 1985;
Adolphson, Cornia, and Walter 1989.)

METHODS

Data. Data for this study were drawn from the 1987 American
Hospital Association annual survey file and were organized, as appro-
priate, by hospital and local metropolitan market. All metropolitan
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statistical areas (MSAs) in the United States are included in this analy-
sis, resulting in a total of 317 such areas. Within the MSAs, only acute
care general hospitals are incorporated in the analysis, producing a
total of 3,000 hospital observations. It should be noted that only urban
hospitals are induded in this study. This is done to facilitate peer
groupings within area or type of area and to eliminate possibly signifi-
cant variations attributable to urban/rural differences.

Controls. Even if good methods are found to capture the diversity
of hospital outputs, there remains the challenge to specify properly or
control for key explanatory factors which, if not done, can bias the
analysis of hospital efficiencies. Use of multivariate techniques and
selected research design features, of course, makes it possible for multi-
ple explanatory variables to be controlled. But no amount of statistical
control will overcome the omission of relevant variables. One source of
possibly important systematic variation in hospital performance is
rarely controlled -the local environments within which hospitals oper-
ate. Wennberg and Gittelsohn (1973) first demonstrated the impor-
tance of local environmental conditions in studying small-area
variations in hospital utilization (for a more recent study, see Tedeschi,
Wolfe, and Griffith 1990). Others have focused on the role of local
factors in explaining market behaviors, service provision, and hospital
costs (Luft, Robinson, Garnick, et al. 1986a, 1986b; Luke 1991; Luke
and Begun 1988; Luke, Ozcan, and Begun 1990; Robinson and Luft
1987, 1985; and Zwanziger and Melnick 1988). But the control of local
variations in the study of hospital efficiencies is in its infancy.

Hospitals operate in highly variable local contexts. Consider, for
example, the tremendous differences that exist between cities with
populations, say, over 2 million versus those with populations in the
100,000 to 500,000 range. Chicago, a metropolitan area that has a
census in excess of 8 million, has over 90 hospitals that range in size
from under 100 to over 1,000 beds and exhibit wide differences in
service mix and populations served. Roanoke, Virginia, on the other
hand, is a city with a population in the 200,000 range that has six
hospitals, only three of which are in the general acute care business.
And df the three, two have merged-and another is owned by a major
national for-profit chain. Roanoke is highly affected by a large and
important rural environment, while Chicago is a major national, even
international center for finance, distribution, and manufacturing.
Many other important differences, of course, exist across local envi-
ronments that can affect relative levels and patterns of hospital perfor-
mance, including the market structures of local markets, degrees of
HMO and PPO penetration, and local patterns of hospital/physician



Efficiency of Urban Hospitals

relationships, for example. The point is, local factors are likely to play
an important role in determining variations in hospital behaviors,
including patterns of input use and output generation.

While not the focus of this study, local environmental factors were
controlled herein by computing efficiency scores for each hospital rela-
tive to peers that are located in the same metropolitan area. Since
individual efficiency scores are unreliable when computed using small
numbers of peer hospitals (Charnes, Cooper, Lewin, et al. 1985), it is
important that the need to control for local market factors be balanced
against the biasing effects of small numbers. Thus, for the purposes of
computing efficiency scores in this study, in MSAs where small num-
bers of peer hospitals were found to exist, these hospitals were pooled
together with hospitals in other areas that had similar environmental
characteristics as well as small numbers of hospitals in them. This was
done in two steps. First, a minimum of 13 or more hospitals was set (in
order to provide sufficient degrees of freedom given the number of
variables (seven) used by the DEA program to compute the efficiency
scores) so that hospitals could be compared exclusively against peer
hospitals located in their own metropolitan areas. Second, for those
MSAs in which there were fewer than 13 hospitals, a pooling strategy
was adopted in which areas located within the same region and falling
within the same metropolitan size categories were combined into com-
mon peer groups. Specifically, areas were combined by region, using
the nine 1987 AHA regions -New England, Mid-Atlantic, South
Atlantic, East North Central, East South Central, West North Central,
West South Central, Mountain, and Pacific -and general metropoli-
tan size categories, which involved, in this case, only the three smallest
metropolitan size categories-under 250,000, 250,000 to 500,000, and
500,000 to 1,000,000.

To check on the possibility that combined areas might still be
dissimilar from one another, one-way analyses of variance were con-
ducted across metropolitan areas within each of the pooled groups to
determine whether mean values for selected sociodemographic vari-
ables might be significantly different across areas. (Three such vari-
ables were examined: average income, doctors per capita, and
education, i.e., low education.) While not reported here, a comparison
of the means for the three variables within 25 pooled groups of areas
(producing 75 analyses of variance), found only six (9 percent) to be
significant at the p < .05 level. This provided assurance that the
pooling did combine areas that were not significantly dissimilar from
one another.

All of the metropolitan areas in the smallest size category, all but
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one in the second-smallest size category, and 70 percent in the third-
smallest size category had to be pooled into region/size combinations.
None of the areas in the two largest size categories- 1,000,000 to
3,000,000, and 3,000,000 and over-fell below the 13-hospital mini-
mum. Thus, having begun with a total of 317 MSAs, the pooling of
MSAs reduced the number of local peer groups to 82 (the total of
pooled and nonpooled areas).

Also, because ofdegrees of freedom limitations, the larger the peer
group, the smaller the proportion of peer group hospitals that would be
needed for efficiency frontiers to be formed (Charnes et al. 1985).
Thus, area pooling had a positive side benefit: by increasing the size of
the pools, greater proportions of hospitals fell outside the efficiency
frontiers than would be the case had the areas not been combined;
thus, the variance in the data was enriched. Overall, 45 percent of all
study hospitals were used by the DEA program to form the efficiency
frontiers (which were made up only of those hospitals defined to be
efficient -that received scores of one). The percentages by MSA size
category were:

Percent Efficient
Under 250,000 37.5
250,000 to 500,000 42.5
500,000 to 1,000,000 57.8
1,000,000 to 3,000,000 54.7
3,000,000 and over 28.6

While employment of local peer groups makes it possible to con-
trol for local environmental variations, their use means that efficiency
scores are not absolute, but relative to the hospitals' own peer hospitals
(Sherman 1984; Sexton et al. 1989). In other words, each hospital
receives an efficiency score, the value of which is computed relative to
its peer hospitals only. To minimize a possibly biasing effect stemming
from cross-peer group comparisons, analyses reported in this study
were conducted within each of five MSA population size categories as
well as for all of the data combined into a nationwide analysis. In
addition, to ensure that the results were not driven by some residual
systematic between-area variation attributable to comparisons across
peer groups, the statistical analyses were recalculated for data on which
Z-score transformations of the efficiency scores were computed for
each hospital relative to its particular peer group. By converting the
peer group means to zero and standard deviations to one, between-
area differences attributable to the local distributions were removed,
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while the relative differences across hospitals within groups were main-
tained. Analyses based upon Z-scores are not reported in this article.
However, it is noted that this adjustment altered the significance levels
only slighdy across the estimated coefficients and, more importantly,
that none of the signs of the coefficients were themselves changed. In
sum, the results remained essentially the same even after Z-score
adjustments removed possible between-area variations in scores across
peer groups.

One additional methodological consideration relating to the calcu-
lation of efficiency scores needs to be addressed: the sensitivity of the
scores to the selections of inputs and outputs and the ways in which
they are measured. In the authors' ongoing study of DEA-generated
hospital efficiencies, the scores have been found to be very stable across
a wide variety of input and output combinations and alternative
approaches to measurement. Many alternative combinations of scores
have been found to be highly correlated to one another (the vast major-
ity of Pearson correlation coefficients range from .8 to .98). This
suggests that the DEA calculations, at least for the urban hospitals
included in this study, may be relatively insensitive to measurement
variation (Ozcan 1993).

Measures -Hospital Inputs and Outputs. In this study, hospitals were
assumed primarily to be producing three types of output: treated cases,
outpatient visits, and teaching FTEs (full-time equivalents). Certainly,
hospitals produce other outputs, includihg research, community ser-
vice, and the goods and services of other health care and/or non-health
care activities. Good measures of the latter types of output, however,
were not available. Nevertheless, it is reasonable to assume that the
three primary types captured the major outputs being produced by
most urban hospitals. Four inputs were also included in the computa-
tion of efficiency scores: plant complexity, plant size, labor, and sup-
plies. Again, other inputs are consumed by hospitals, but these were
assumed to represent the major factors used in producing the above
outputs.

The hospital output measures included were:

* Treated cases. Hospital inpatient discharges in 1987,
adjusted using the Medicare case-mix index for each
hospital for that year;

* Outpatient visits. All visits to hospital emergency and
outpatient facilities that occurred during 1987; and

* Teaching FTEs. Weighted sum of medical and dental trainees
and other professional trainees (i.e., nurses, physical thera-
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pists, etc.) trained during 1987. Full-time trainees were
assigned a weight of 1 and part-time, a weight of .5.

The input measures induded were:

Capital. Two indicators were used:
-Plant size. Number of operational hospital beds during

1987;
-Plant complexity. Number of diagnostic and special services
provided exclusively by the hospital in 1987;

* Labor. Number of nonphysician FTEs employed in 1987 plus
the weighted (using a weight of .5) number of part-time
personnel employed during 1987; and

* Supplies. Amount of operational expenses, not including
payroll, capital, or depreciation expenses.

The plant size and complexity measures were used as proxies for
the more general input, capital assets, which measure was not available
for this study. To test the validity of these measures, asset measures for
Virginia hospitals, for which such measures were available, were
regressed on measures of plant size and plant complexity. Using 47
Virginia hospitals, the regression model was found to account for 63
percent of the variation in assets (F = 36.8, p < .0001). The strong
association between the two proxies and plant assets provides an indi-
cator of their validity.

It is recognized also that a count of outpatient visits does not
capture the diversity and complexity of ambulatory output. Perhaps a
measure of ambulatory expenditures might have helped in this regard.
However, use of an expenditure measure as a proxy for output would
have introduced price variation into the data. Since the study focuses
on technical, rather than allocative efficiency (efficiency which takes
into consideration economic valuations based upon prices), non-price
weighted values were appropriate (Morey, Fine, and Loree 1990).
Nevertheless, use of unweighted raw counts of visits represents a limi-
tation of this study.

Measures-Explanatory Variables. As suggested at the beginning of
this article, four general explanatory variables were used: hospital size,
membership in a multihospital system, ownership, and payer mix. Use
of the size measure both in computing the efficiency scores and as an
explanatory variable did not produce a tautology since its true value
was submerged in the computation of DEA scores, which scores are
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based upon interrelationships among the seven factors and not on their
absolute values per se.

The specific explanatory measures included were:

* Hospital size. Number of operational hospital beds during
1987;

* System structure. A nominal measured variable reflecting
three types of system or nonsystem affiliations: nonsystem,
contract management, and multihospital;

* Ownership. A nominal measured variable representing
government, church, for-profit, and not-for-profit;

* Payer mix. Three indicators were used to capture this
variable:
-Managed care. Dummy variable representing whether or
not a hospital had either or both PPO and HMO
contracts;

-Percent Medicare. The percentage of Medicare patients;
-Percent Medicaid. The percentage of Medicaid patients.

In all, six explanatory variables were incorporated into the analyses
(one indicator each for the first three variables and three for the
fourth).

Analysis Technique. Cross-sectional analyses were conducted using a
covariance analysis technique-Multiple Classification Analysis
(MCA)-with individual hospitals as the unit of analysis. Since the
independent variables include continuous, ordinal, and nominal mea-
surement properties, a covariance analysis technique is preferred.
MCA enables simultaneous consideration of multiple predictor vari-
ables that have any of these measurement properties. MCA's major
advantage over conventional dummy variable regression techniques is
that it enables one to examine the relative contributions of nominal
and/or ordinal predictors while assessing the direction and levels of
effect of all variables (Andrews et al. 1973).

Since the local environment was controlled by calculating effi-
ciency scores relative to peer hospitals located in actual or pooled local
markets, no environmental characteristics are included in the statistical
analyses, with one exception: MSA size. Six covariance analyses were
computed, one each for five MSA size categories and one for all hospi-
tals pooled into a single analysis. By first examining the covariance
analyses within MSA size category, it should be possible to detect any
residual MSA size effects that remain in the data.

729



730 HSR: Health Services Research 27:6 (February 1993)

RESULTS

Table 1 presents summary statistics for selected hospital and local mar-
ket characteristics by the five MSA size categories and for all hospitals
and markets combined. These numbers reveal some obvious differ-
ences across the MSA size categories (e.g., the average size of hospitals
increases with increases in MSA size, as do the percentages of hospitals
that have some form of managed care contracts). There are also some
remarkable consistencies across the MSA size categories (e.g., the per-
centages of Medicare and Medicaid populations seen in the hospitals).

Table 2 presents the results of the covariance analyses. Several
interesting patterns become immediately apparent. First, two variables
appear most consistently to be associated with variations in relative
hospital efficiency: hospital ownership and percent Medicare payment.
In four of the five MSA size categories and in the overall analysis, the
ownership variables are significant at less than the .01 confidence level
and in the remaining size category (MSA size range of 250,000-

Table 1: Local Market and Study Hospital Characteristics
Lad Makd Poulati Size

Population mean
(s.d.)

Hospitals mean
(s.d.)

Size (in beds) mean
(s.d.)

Affiliation
Government (5)
Church (%)
Not-for-profit (5)
For-profit (%)

System stucture
Nonsystem (5)
Contract
managed ()

Multem (5)
Managed care

contrac (5)
Medicare (5)
Medicaid (5)
Efficient (%)

Less

250,000
(N - 470)
157,344
(45,752)

3.83
(1.63)

215.02
(152.47)

20.7
17.2
48.3
13.8

250,000
to

500,000
(N - 453)
360,826
(67,238)

7.04
(2.59)

228.52
(169.01)

500,000
to

1,000,000
(N - 564)
747,602
(168,452)

12.04
(3.97)

255.07
(196.51)

1,000,000
to

3,000,000
(N - 852)
1,880,915
(476,769)
30.17
(9.97)

253.98
(185.03)

17.2 15.4 13.0
15.2 15.4 14.8
47.5 54.3 49.2
20.1 14.9 23.0

54.3 55.2 58.0
7.7 7.5 7.6

3,000,000
and

(N - 661)
6,069,940
(2,381,530)

84.04
(30.98)
296.83
(217.65)

8.7
13.8
57.2
20.3

50.9 57.9
4.1 3.3

38.1 37.3 34.4 45.0
53.0 69.3 76.2 77.9

abeu
(N = 3000)
2,091,275
(2,489,695)

31.01
(33.68)
253.68
(189.92)

14.4
15.1
51.5
19.0

55.0
5.7

38.7 39.4
76.3 72.0

35.4 35.3 34.5 33.1 31.7
10.3 11.1 10.0 9.5 13.9
37.7 42.6 57.8 54.7 28.6

33.7
10.9

45.0
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Table 2: Multivariate Analysis of Technical Efficiency
Lal Markd Popli Size

Lcss 250,000 500,000 1,000,000 3,000,000
than to to to and

250,000 500,000 1,000,000 3,000,000 Greater OveraUl
(N = 470) (N - 453) (N 564) (N - 852) (N = 661) (N = 3000)

I-
Predict= Bea Bda Bta Bea Bea Bea

Affiliation 0.240*** 0.150* 0.130*** 0.140*' 0.170*** 0.180***
Govermnent (0.88)t (0.88) (0.94) (0.95) (0.84) (0.91)
Church (0.87) (0.86) (0.89) (0.91) (0.81) (0.87)
Not-for-profit (0.89) (0.89) (0.90) (0.91) (0.83) (0.88)
For-profit (0.79) (0.83) (0.87) (0.89) (0.76) (0.83)

System structure 0.110* 0.070 0.100 0.030 0.090** 0.060*'
Nonsystem (0.87) (0.86) (0.89) (0.91) (0.80) (0.86)
Contract (0.92) (0.87) (0.95) (0.93) (0.84) (0.90)

managed
(.1 08) (.8Multisystem (0.86) (0.88) (0.90) (0.91) (0.83) (0.88)

Managed care 0.060 0.050 0.130*** 0.040 0.090*** 0.060*'
contracts
Yes (0.88) (0.88) (0.91) (0.91) (0.82) (0.88)
No (0.86) (0.86) (0.87) (0.92) (0.78) (0.86)

Percent Medicare -0.218** -0.143 -0.063 -0.940*** -0.299*** -0.143**
Percent Medicaid 0.030 -0.101 0.020 0.042 0.063 -0.028

Hospital size 0.000*t 0.000 0.000** 0.000*** 0.000 0.000***

Model F-value 3.259** 1.754* 3.776*** 2.131*** 3.718** 6.830***

*Significant at p < .10.

**Significant at p < .05.

**Significant at p < .01.
tValues not in parentheses represent the beta coefficients adjusted for all independent predictors, and
parenthesized values represent the adjusted means for the categorical variables.
tBeta coefficients of zero represent very small values for the slope of those particular predictor
vanables.

499,999), it is significant at less than the .10 level. It is interesting that in
three of the five MSA size categories and in the overall analysis, the
government hospitals received the highest efficiency scores and, in all
analyses, for-profit hospitals received the lowest scores. While this may
at first appear counterintuitive, such findings are reasonable. The rela-
tively high efficiency scores of the government hospitals could reflect a
variety of factors. It is possible, for example, that government hospitals,
relative to other hospital types, might produce their outputs with a
minimum of input support. Alternatively, their relatively higher scores
could reflect the tendency of government hospitals to produce high levels
of outpatient and teaching outputs in addition to acute care discharges.
By contrast, for-profit hospitals, because they are less likely to be
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engaged in the production of teaching outputs, could have lower effi-
ciency scores. As reported elsewhere, however, the teaching output was
observed to play a minor role in determining efficiency scores of for-
profit hospitals, relative to the contribution it made to the efficiency
scores of hospitals in the other ownership categories (see Ozcan 1993).

A second general finding reported in Table 2 is that in all but the
third MSA size category the percent Medicare variable is significant
and negative in its association with hospital efficiency. By contrast, in
none of the five analyses is the percent Medicaid variable significant.
The relatively lesser dependency of hospitals on Medicaid versus
Medicare funding could account for the difference. Another interesting
contrast to the Medicare finding are the results for the managed care
contract variable. While this variable is significant in only two of the
five MSA size categories and is significant overall, hospitals not report-
ing managed care contracts, with one exception- those in the third
MSA size category- have the lowest average efficiency scores. The
lack of association in the two smaller MSA size categories could reflect
the relatively lesser involvement in managed care of hospitals within
smaller urban areas. The differences between the Medicare and man-
aged care findings could be due either to something unique about
managed care contracts or, more likely, to the effects of limitations in
Medicare versus managed care financing.

The system structure variable shows some interesting results.
While significant in only two of the five MSA size categories and in the
overall analysis, nonsystem membership is consistently associated with
low efficiency scores. Interestingly, the contract management hospitals
scored the highest in four of the five MSA size analyses and overall.
Since contract management hospitals constitute only a small percent-
age of the total number of hospitals in the sample (6 percent), these
results must be viewed with some caution. Finally, hospital size is
positive and significant in two of the MSA size categories and in the
overall analysis, and is positive in all analyses. This result is consistent
with probable expectations for the relationship between size and hospi-
tal efficiency.

The general consistency in findings across the five MSA size cate-
gories suggests that it may be valid to group the data for the purposes of
conducting an overall covariance analysis, as is done in Table 2. A total
of 3,000 observations are induded in the overall analysis and all but one
of the variables- percent Medicaid- emerge as significant. As would be
expected, the signs and patterns in the relationships are consistent with
those found in the within-MSA size analyses.
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DISCUSSION AND CONCLUSIONS

The analyses produced some interesting findings regarding the rela-
tionships between the selected hospital characteristics and relative tech-
nical efficiencies. First, it was observed that government hospitals have
relatively higher efficiency scores and for-profit hospitals score rela-
tively lower. These findings reveal a possible advantage of accounting
for the multiple products of hospitals when comparing hospital effi-
ciencies. It is conceivable, for example, that had the efficiencies been
computed using only adjusted discharges, a far different result would
have been produced. These findings also suggest that the cost and
productivity effects of joint production, especially of inpatient and
teaching outputs, should be carefully assessed in the current debate
about the use of indirect teaching adjustments and direct teaching pass-
through payments within Medicare's prospective payment system
(PPS). Further investigation of relative levels of productivity when
multiple outputs are considered may be needed before such payment
mechanisms are eliminated or significantly modified.

One could argue that the differences in relative efficiencies are
achieved at the expense of quality. This argument, however, may run
counter to the findings reported in this study. While at least anecdotal
evidence suggests that government hospitals may provide a relatively
lower level of quality, conversely, there is no evidence that for-profit
hospitals provide a uniquely high or low level of quality (e.g., see
Longo, Chase, Ahlgren, et al. 1986; Shortell and Hughes 1988). For
the for-profit hospitals, the multiproduct/input explanation may be the
most persuasive: for-profit hospitals may achieve lower levels of techni-
cal efficiency because they do not produce teaching outputs to the
degree produced by hospitals in the other ownership categories. Or
they may utilize inputs in differing ways relative to hospitals in the
other ownership categories.

The findings for percent Medicare, especially when contrasted with
the finding for the government ownership and managed care contracting
variables, raise related policy questions. First, it would be important to
know whether the negative relationship between percent Medicare and
efficiency is due to the financing constraints of Medicare or, alterna-
tively, to the types of hospitals that become Medicare dependent. If the
former is the case, financing policies would need to be assessed to deter-
mine the appropriateness of funding levels. If the second explanation is
true, however, it would be important to determine what, if anything,
might be unique about hospitals that become Medicare dependent, and
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then to direct attention to ways in which such hospitals might be given
incentives to become more efficient. Consistent with this point is
Altman's (1990) finding that Medicare-dependent hospitals tended to
have relatively lower operating margins than did non-Medicare-
dependent hospitals. The Medicare finding could also be attributable to
the output patterns of Medicare-dependent hospitals. Altman found, for
example, that Medicare-dependent hospitals tended to receive relatively
lower levels of indirect teaching payments from Medicare than did other,
less Medicare-dependent hospitals, indicating that they are relatively
less involved in producing teaching outputs.

The finding that size consistently was related positively to effi-
ciency conforms with the generally expected positive effects of scale. It
also is consistent with the finding that for-profit hospitals, which tend
to be smaller than hospitals in the other size categories, receive lower
efficiency scores.

Finally, some comment is needed on the finding that a positive
association existed between managed care contracting and the effi-
ciency scores in two of the five MSA categories and in the overall
analysis. To the extent that this finding is valid, it suggests the reverse
of what was found for the Medicare payment variable. Just why man-
aged care contracting is positively associated with technical efficiencies
is not clear. Some possible explanations have already been provided.
One additional interpretation might be that this relationship reflects
the positive effects of competition. Where there is more insurance
industry involvement in a local market, hospitals may be stimulated to
engage more aggressively in efficiency-producing activities. Alterna-
tively, the managed care finding may simply be due to the incentives
associated with managed care contracting-to minimize expenditures
and maximize output.

This study revisited the role played by some key hospital charac-
teristics in generating efficiencies in hospital production. An innova-
tive technique -DEA analysis - was used, making possible the analysis
of technical efficiencies in hospitals by taking into consideration multi-
ple outputs and inputs. Since the DEA program computes efficiency
scores by comparing each hospital to its "peers," the technique also
made it possible to control for some important variables that otherwise
could have affected observed hospital efficiencies. It is argued that
local variations represent one possibly important source of variation
that has too infrequently been controlled in studies ofhospital costs and
productivities. In this study, efficiency scores for individual hospitals
were computed relative to those for other hospitals in their local areas
or, where degrees of freedom requirements prevented such compari-
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sons, with local competitors in similarly sized areas located in the same
regions.

By applying the DEA methodology to 3,000 urban hospitals, this
study has attempted to deal with the serious methodological problem of
controlling for diversity in hospital output. The literature needs to
focus much more attention on this and alternative approaches to
accounting for hospital outputs in the study of hospital costs and effi-
ciency. To do otherwise risks giving too much attention to results that
stem from effectively flawed analyses. We are the students of a very
complex and rapidly changing field. The search for easy answers with-
out adequate attention being given to the devilment of methodological
complexities will inevitably lead to inaccurate findings and, conse-
quently, to inappropriate policy responses.
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