ABSTRACT

The purpose of this paper isto compare two measures of hospital productivity in the presence of
undesirable output: the traditiond Mamquist productivity index and the new Mamaquigt-
Luenberger productivity index (ML) recently developed by Chung, Fare, and Grosskopf.
Undesirable output in this study is defined by patient desths. The sudy is limited to three
diagnogtic technologies commonly used in Portuguese hospitals during a three year time period:
the Computerised Tomography Scan, Electrocardiogram and Echocardiogram  which are
consdered to be important ads in the diagnosis of two of the most frequent nonrobstetric
Diagnosis Related Groups. Cerebrovascluar Disorders Except I1schemic Attack and Heart Failure
and Shock.

Firdt, totd factor productivity growth (TFPG) adong with its components of technicd efficiency
change and technologica change is caculated usng both measures for each technology and
hospita type. The hospitals are then ranked on the basis of TFPG for both indices and changesin
ranking that occur under the ML index are presented. Finaly, Spearman correlaion coefficients
are caculated for the technicd efficiency component of the indices.

The results show that the direction and intengty of TFPG and its components oftendiffer for the
two indices. Furthermore, a number of hospitas change rank considerably when the ML index is
used. Most importantly, Spearman correlation coefficients for the efficiency score component of

the indices are mogtly negative, indicating that when hospitals have large increases in output given
alevd of technology (efficiency increases under the Mamaquist index), much of that output may be
in the form of patient deaths (a decline in efficiency under the ML index). Obvioudy, this sudy is
limted to three technologies and two DRGs so that the conclusions cannot necessary be
generdisad for dl hospita inputs and outputs. However, the ML index is clearly superior in

measuring hospita productivity when patient deaths are considered to be undesirable output.



1. Introduction

The use of frontier estimation techniques in the evauation of hospitd efficiency and productivity
has been often criticised for problems related to output definition. (Newhouse, 1994). More
specificdly, the concern is that these efficiency measures are based on output measures that do
not take into account the quality of the output produced such as patient days, number of patients
and DRG weighted output. * (Linna, 1998)

The définition of qudity-adjusted output is aso apolemic issue though hospital mortdity ratesare
the most commonly employed indicator of the quality of inpatient hospital services?” (Tomd,
1998) There are a number of studies which have used a two- stage estimation procedure whereby
firs technica or dlocative efficiency is estimated and then the efficiency scores are regressed on
contrals for quaity such as the ratio of predicted to actud mortdity rates (Linna, Hakkinen and
Linakko, 1998; Ferrier and Vadmanis, 1996; Morey et d., 1995; Zukerman Hadley and lezzoni,
1994) or re-admissions (Linna, 1998). However, no hospitd efficiency study to our knowledge
has incorporated the quaity aspect into the actua caculation of the efficiency scores.

A recent study from the environmentd literature introduces a new productivity index developed by
Chung, Fare and Grosskopf which alows for the joint production of desirable and undesirable
outputs. (Chung, Fare, and Grosskopf, 1997). This new index, the Mamquist-Luenberger (ML)
index, credits indtitutions for being able to smultaneoudy increase good output and decrease bad
output without requiring shadow prices for the bad output. Hence, thisindex alows the digtinction
between good and bad outputs of the hospitd in the form of live and dead patients whereby the
hospita is viewed as increasing its productivity by smultaneoudy increesing production of live
patients and decreasing deeths. The ML index is more gppedling conceptualy than the two-stage
technique, which consders that variations in mortdity rates may influence variations in efficiency
but mortdity is not in and of itself considered a component of the efficiency measurement. The ML
index incorporates the mortdity of a patient as a defect in production for whatever reason it may
occur. A hospital aways risks incurring patient deaths for various reasons. trestment or diagnostic
falure, faulty judgement on the part of the hospitd staff or as a random occurrence beyond the
control of the medica gtaff.

! The DRG system was developed in order to provide a measure of the final product of the hospital , i.e. the
bundle of goods and services provided to the patient with a particular illness. (Fetter 1991) According to
Fetter, the first function of a hospital isto convert raw materials such as labour, supplies and equipment into
intermediate products such as diagnostic procedures, surgeries, etc. The second and major function of the
hospital isto receive human beings who have a problem and supply physicians and other health professionals
with the intermediate products deemed necessary for their evaluation and treatment. It is this bundle of goods
and services that comprise the final output of the hospital which can then be classified into DRGs.

% Though there are many investigators who argue that the usefulness of mortality rates is questionable and
more reliable instruments should be used, these alternative instruments often require expensive and time
consuming data collection procedures such as physician chart reviews and guestionnaires which are not
always feasible to obtain. (Guadagnoli and McNeil, 1994).



The purpose of this paper isto compare the traditiond Mamquist productivity index with the new
ML index in the measurement of hospital productivity. This study is limited to three diagnostic
technologies commonly used in Portuguese hospitals during a three year time period. These
technologies, the Computerised Tomography Scan, Electrocardiogram and Echocardiogram are
consdered to be important aids in the diagnosis of two of the mogt frequent nonrobstetric
Diagnosis Related Groups. Cerebrovascluar Disorders Except Ischemic Attack and Heart Failure
and Shock. Firgt, total factor productivity growth (TFPG) adong with its components of technical
efficiency change and technologica change is computed using both productivity measures for each
technology and hospitd type® The hospitds are then ranked on the basis of tota factor
productivity growth for both indices and changes in ranking that occur under the ML index are
presented. Findly, Spearman correlation coefficients are caculated for the technica efficiency
component of the indices.

The results show that the direction and intengty of tota factor productivity growth and its
components often differ under the ML and Mamquist indices. Furthermore, a number of hospitals
change rank consderably under the ML index. Most importantly, Spearman correation
coefficients for the efficiency score component of the indices are mostly negetive, indicating that
when hospitals have large increases in output given alevel of technology (efficiency increases by
the Mamaquist index), much of that output may be undesirable, i.e. in the form of dead patients (a
decline in efficiency under the ML index).

The dructure of the paper is as follows. Section 2 provides a modd of hospital production with
undesirable output. Section 3 contains a description of the methodology for production
messurement while Section 4 contains a description of the data. The results are presented in
Section 5 and Section 6 provides some conclusions and suggestions for further research.

2. Model of Hospital Production with Undesirable Output

The problem of the hospita's medicd saff who make decisons regarding the utilisation of
diagnogtic technologies in order to improve the treatment of patients and thus the patient's
probability of survival is tha in the effort to save lives there is arisk of incurring patient deeths.
Patient desths may occur for any number of reasons. diagnostic or treatment failure, errors in
judgement of medica staff, or as a random occurrence beyond the medical saff's control.

This smultaneous production of desirable (alive patients) and undesirable (patient desths) output
implies that reducing the bad output is codtly in terms of increased technologica capability or
increased diagnostic and treatment capability of the medica staff.

% Hospitals are classified as district, central-teaching and central non-teaching.



More formdly, following Chung, Fére and Grosskopf, if we denote live patients in a particular
DRG by yi A ™, dead patientsby bl A ', and the diagnostic technologiesby xT A " , then the
production technology can be characterised through the output sets.

(L1) P(x)={(y.b) : x can produce (y,b)}.
Since the reduction of deathsis costly (i.e. there is weak disposability of undesirable outputs) then:

(1.2) (y,0)1 P(x)and0= g£ 1imply (qy,ob) T P(x). Inother words, areduction in deathsis
feasble only if total production is reduced given afixed level of diagnostic technologies.

The modd aso assumes that the desirable output, live patients are fredy disposable, i.e.
(13) (y.b) 1 P(x) and yE y imply (46b) T P(x).

Thejoint production of desirable (live) and undesirable (dead) outputs is shown by:
(1.4) if (y,b) T P(x) and b=0 then y=0.

This equation states that the desirable outputs are "nulljoint” with the undesirable outputs if the only
way to not produce undesirable outputs is by not producing desirable output. In other words, the
hospital must risk having some degths in the effort to produce live patients.

The origind Mamaquist index, using Shephard (1970) output distance functions to represent
technology are defined as

(1.5) Oy (xy,b) = inf {q: ((y,b)/g) T P(X)} where the function expands both desirable and
undesirable outputs (y,b) proportiondly as much as feesible. This function therefore does not give
indtitutions credit for reduction in undesirable outputs since both types of output are expanded at
the same rate’.

Chung, Féare and Grosskopf use a directiona output distance function instead of the Shephard
disance function to represent the production technology. Their directiond output distance
function, as opposed to Shepherd's, credits inditutions for the smultaneous reduction of
undesirable outputs and an increase in desrable outputs. For hospitals, this implies an increase in
production of live patients, while smultaneoudy decreasing the production of dead patients.

* Thisis one reason that Chung, Fare, and Grosskopf decided to modify the original Malmaquist index.



Formally, their directiona output distance function is defined as
® ~
(1.6) Do(x.y.b;g) =sup{b: (y.b) + bgl P(x)}

where "g" is the vector of "directions’ in which outputs are scded. In the case of hospitd
production, g = (y, -b), where production of live patients s increased and dead patients is
decreased.”

3. Hospital Productivity M easur ement

Fare, Grosskopf, Lindren and Roos (1989) defined a productivity index based on Shepherd's
output distance function. Their index (FGLR) is the geometric mean of two Mamaquist productivity
indices which were developed by Caves, Christensen and Diewert (1982).

The FGLR output-oriented Mamquist productivity index can be defined by:
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The Mamquist index (2.1) can be decompaosed into two components, technica efficiency change
(MEFFCH) and technologica change (MTECH) where:
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The FGLR output-oriented Mamaquigt index is a totd factor productivity index which only
requires information on input and output quantities and thus makes it gpplicable to the hospita
industry where prices are often difficult to messure. Although this index has these desrable
features it does not allow hospitads to be credited for reductions in undesirable output, i.e. deed
patients. In order to dlow this posshbility, we use a new index developed by Chung, Fére, and
Grosskopf which subgtitutes the directiond distance functions for the output distance functions in

® A more detailed comparison of Shepherd's and the Chung, Fare, Grosskopf distance function can be found in
Chung, Fére, Grosskopf (1997).



the Mamquist index.
This rew index, the output-oriented Mamquist-Luenberger productivity index. with undesirable
output, can be defined as:
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Under this definition, when the direction of g is (y,b) rather than (y,-b), the Mamaquist- Luenberger
(ML) index coincides with the Mamquigt index. The ML index can adso be decomposed into two
components of technicd efficiency (MLEFFCH) and technologica change (MLTECH):
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The ML index like the Mamquist index ndicates productivity increesesif the value is greater than
one and productivity declines if the vaue is less than one. In order to caculate both indices and
their composite measures, it is necessary to compute four distance functions for each index. If k
represents each hospital and z represents intensity:

the mode can be shown as: (2.8)
K
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Thismodd exhibits constant returns to scale so that:

(2.9) P(Ix)=1P(x),| >0 and srong disposability of inputs:



(2.10) x¢* xb P(x9 E P(x).

The inequdlities for inputs and good outputs in (2.8) reflect the assumption that they are fredy
disposable. The bad outputs are assumed to be costly to dispose of and therefore are modelled as
equdities. The non-negativity congraints on the intengty variables, z, dlow the mode to exhibit
congtant returns to scale.®

Both the distance functions for the Mamquist index and the directiond distance functions for the
Mamauist- L uenberger index can be calcuated as solutions to linear programming problems’”.

For the directiona distance function case;
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4. Data

The origina data used in this andysis consst of dl adult public hospita discharge abdtracts for the
two most frequent non-obstetric Diagnoss Related Groups in Portugd during the years 1992-
1994: DRG 14- Specific Cerebrovascular Disorders Except Trangent Ischemic Attack and DRG
127- Heart Failure and Shock. The data were provided by the Ingtituto de Gestdo Informética e
Financeira da Salde (IGIF), the indtitute responsible for collecting and nanaging hedth care
financing information in the Portuguese Hedth Minidtry.

The hospitd inpatient discharge abstracts contain a wealth of information regarding patient age and
seX, primary and secondary diagnogtic codes (ICD-CM-9), primary and secondary procedure
codes, discharge gtatus, intensve care utilisation and length of stay. A coded hospitd identifier is
used to match hospita characteristics with discharge records.

® A necessary condition for the resulting productivity indices to be true total factor productivity indices (Fare
and Grosskopf; 1996).

" The linear programming problem for the Malmquist index is explained in detail in Chung, Fére, and Grosskopf
(1997).



In congtructing the data set used in the empirica analys's, discharges for which patient information
was missing as well as discharges for patients who were transferred to another acute care hospital
were omitted. Trandfers are considered incomplete outputs for the hospital and therefore outputs
for which the hospitd should neither be credited nor penalised.

The remaining discharges were then aggregated by hospital type. Hospitals in Portugd are
classfied as centrd, didrict and level one depending on the number of specidities which the
hospital is equipped to treat. Since level one hospitds, those with the fewest number of
specidities, are rarely equipped with technology such as the Computerised Axid Tomography
Scanner (CAT), we only consider discharges from central and digtrict hospitas where such
technology is available. The find sample thus consgts of 37,232 discharges in DRG 14 and
24,904 discharges in DRG 127 from 52 hospitals during the 1992- 1994 time period. 8

5. Results

Totd factor productivity growth (TFPG) as computed by both Mamquist-Luenberger and
traditiond Mamquigt indices dong with their components of technicd efficiency change and
technologica change are shown in tables 1-18 (ML indices in the odd number tables and
traditiond Mamauigt in the even number). These indices were caculated for the three diagnostic
technologies of interest for both district and central (where these latter have been further divided
between teaching and non-teaching hospitals) hospitas. Both indices have been computed using
the DEA modd presented in (2.11). Specificdly, the chosen DEA mode is output-oriented,
solved under the assumption of constant return technology. In these tables, asis generdly donein
the empiricd literature, the convention is assumed that a score equd to one indicates no change, a
score grester than one indicates an improvement in productivity and a number less than one
indicates a decline in productivity.

A cursory glance at tables 1-18 shows that under the Malmaquist-Luenberger index both digtrict
and centrd teaching hospita's had positive productivity growth for al three technologies between
1993 and 1994. On the contrary, the traditional Malmquist index only shows productivity growth
for the Echocardiogram in the digtrict hospitals and the Electrocardiogram in the centra hospitals
during this time period. Among, centrd nonteaching hospitas, the ML index indicates
productivity growth during this time period only for the Computerised Tomography Scan while the
traditiond Mamquist indicates productivity decline for dl three technologies in these hospitals. In
fact, for dl three types of scores, tota factor productivity growth, efficiency change and
technologica change, agreement between the two indices is exactly 50% though agreement is not
consistent over scores. In other words, the two indices may agree on the direction of efficiency
change but not on the direction of productivity or technologica change.

® These restrictions resulted in the deletion of approximately 30% percent of discharges from the original data
set. 36 hospitals are considered to be district and 16 central of which 6 are teaching hospitals.



Changes in TFPG rankings of the hospitd from the traditiond Mamquigt to the Mamaquigt-
Luenberger index are presented in tables 19-23. Only consderable changesin rank (changes from
one group to another) are shown. Even o, it is clear that among centra hospitas for al three
technologies, more hospitas decline in rank than improve under the ML index. The most
remarkable reaultsin these tables are for the Computerised Tomography Scan in Digtrict hospitals.
In this case, between 63% and 72% of hospitas (depending on the year) which were in the last
group improved rank under the ML index.

While the scores for technological change may be interesting, the redlity is that in Portugd,

technologica improvement is often beyond the control of the hospital. When a hospitd desires to
purchase a new technology, a request must be made to the Hedlth Ministry and often the hospital

may only receive the technology ayear or two from the timeit is deemed necessary. However, the
manner in which the technology is utilized is most definitely within the hospita's contral. For this
reason, a closer look is taken at the agreement among efficiency scores computed under the ML
and Mamaquigt index by computing correlation coefficients for the efficiency scores. The results of
the non-parametric Spearman correlation coefficients for the efficiency component provide some
interegting insghts. Except for the Computerised Tomography Scan and the Echocardiogram in

the last two years) in digtrict hospitals, the correations between the ML and the traditiona
Mamquist indices are negative and sgnificant. The explanation for this phenomenon gppearsto be
that those hospitals which are increasing output in reaively large amounts given the technology

(increesing efficiency under the traditiond Mamquist index), may be doing so a the cost of
producing undesirable output (declining efficiency under the ML index). There is a concern in

Portugd that hospitals are undergtaffed, particularly by physicians and quaified nurses. It may be
that rapid output expanson without accompanying human resource expansion results in a greater
amount of patient degths.



6. Conclusons

The objective of this paper has been to compare two measures of hospital productivity in the
presence of undesirable output: the traditiond Mamquist productivity index and the new
Mamaquist-Luenberger productivity index (ML) recently developed by Chung, Fare, and
Groskopf. where undesirable output is defined as patient desths. The study is limited to three
diagnogtic technologies commonly used in Portuguese hospitals during a three year time period:
the Computerised Tomography Scan, Electrocardiogram and Echocardiogram  which are
consdered to be important ads in the diagnosis of two of the most frequent nonrobstetric
Diagnosis Related Groups. Cerebrovascluar Disorders Except I1schemic Attack and Heart Failure
and Shock.

The results show that the direction and intengity of TFPG and its components often differ for the
two indices. Furthermore, a number of hospitals change rank considerably when the ML index is
used. Mogt importantly, Spearman correlation coefficients for the efficiency score component of
the indices are mostly negative, indicating that when hospitals have large increases in output given
alevd of technology (efficiency increases under the Mamaquist index), much of that output may be
in the form of patient degths (a decline in efficiency under the ML index). The obvious policy
implication is that hospitals who are encouraged or expected to expand output quickly given a
gate of technology and without accompanied expansion in human resources, may be doing so at
the risk of that output being in the form of dead patients.

Thisstudy is dearly limited in its scope Snce it considers only three diagnostic technologies used in
the production of two mgjor Diagnostic Rdated Groups. Further studies using other inputs and
DRGs for longer time periods would be useful in verifying whether or not these results can be
generalised for the entire hospital. However, this study has demondtrated that if patient deaths are
an undesirable hospital output, the Mamquist-Luenberger index provides a superior measure of
hospital productivity and technical efficiency.

10
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Table 1. The Malmquist-L uenberger Productivity Indexes and Components for District

Hospitals - Computerised Tomography Scans

Efficdency change Technica change ML index
1992-3 1.059856 0.843148 0.92128
1993-4 0.956663 1.209076 1.011814

Note: All Malmquist-Luenberger Index Averages are Geometric Means

Table 2. The Malmquist Productivity Indexes and Components for District Hospitals -

Computerised Tomography Scans

Efficency change Technica change Mamaquist index
1992-3 0.713 1.074 0.766
1993-4 1.544 0.421 0.649

Note: All Malmquist Index Averages are Geometric Means

Table 3. The Malmquist-L uenberger Productivity Indexes and Components for District

Hospitals - Electrocar diograms

Efficency change Technica change ML index
1992-3 1.096394 0.791001 0.972863
1993-4 0.953175 1.201064 1.036393

Note: All Malmquist-Luenberger Index Averages are Geometric Means

Table 4. The Malmquist Productivity Indexes and Components for District Hospitals-

Electrocar diograms

Effidency change Technicd change Mamaquist index
1992-3 0.879 1.298 1.140
1993-4 0.830 0.840 0.697

Note: All Malmquist Index Averages are Geometric Means




Table 5. The Malmquist-L uenberger Productivity Indexes and Components for District

Hospitals - Echocar diograms

Efficdency change Technica change ML index
1992-3 1.096439 0.771554 0.960753
1993-4 0.983352 1.057493 1.008241

Note: All Malmquist -Luenberger Index Averages are Geometric Means

Table 6. The Malmquist Productivity Indexes and Components for District Hospitals-

Echocar diograms

Efficency change Technica change Mamaquist index
1992-3 0.887 1.170 1.038
1993-4 1.013 1.034 1.048

Note: All Malmquist Index Averages are Geometric Means

Table 7. The Malmquist-L uenber ger Productivity Indexes and Components for Central Non-

teaching Hospitals - Computerised Tomography Scans

Efficiency change Technicd change ML index
1992-3 0.941886 1.048012 0.963863
1993-4 1.085622 0.876785 1.01814

Note: All Malmquist-Luenberger Index Averages are Geometric Means

Table 8. The Malmquist Productivity Indexes and Components for Central Non-teaching

Hospitals - Computerised Tomography Scans

Efficency change Technica change Mamauist index
1992-3 0.23 3.92 0.924
1993-4 1.67 0.409 0.756

Note: All Malmquist Index Averages are Geometric Means




Table 9. The Malmquist-L uenber ger Productivity Indexes and Components for Central Non-
teaching Hospitals - Electrocardiograms

Effidency change Technicd change ML index
1992-3 1.003162 1.120213 1.054807
1993-4 1.150588 0.668249 0.942822

Note: All Malmquist-Luenberger Index Averages are Geometric Means

Table 10. The Malmquist Productivity Indexes and Components for Central Non-teaching

Hospitals - Electrocar diograms

Efficdency change Technicd change Mamaquist index
1992-3 1.065 0.876 1.020
1993-4 0.544 1.700 0.920

Note: All Malmquist Index Averages are Geometric Means

Table 11. The Malmquist-Luenberger Productivity Indexes and Components for Central

Non-teaching Hospitals - Echocar diograms

Efficency change Technica change ML index
1992-3 1.030013 0.977494 1.016629
1993-4 1.051817 0.867703 0.977849

Note: All Malmquist-Luenberger Index Averages are Geometric Means

Table 12. The Malmquist Productivity Indexes and Components for Central Non teaching

hosptals - Echocardiograms

Effidency change Technicd change Mamaquist index
1992-3 1.431 0.730 1.077
1993-4 0.564 0.942 0.522

Note: All Malmquist Index Averages are Geometric Means




Table 13. The Malmquist-Luenberger Productivity Indexes and Components for Central

Teaching Hospitals- Computerised Tomography Scan

Effidency change Technicd change ML index
1992-3 0.985339 1.039876 1.004957
1993-4 1.085752 0.885036 1.021494

Note: All Malmquist-Luenberger Index Averages are Geometric Means

Table 14. The Malmquist Productivity Indexes and Components for Central Teaching

Hospitals - Computerised Tomography Scan

Effidency change Technicd change Mamaquigt index
1992-3 0.24 3.92 0.94
1993-4 2.00 0.509 0.998

Note: All Malmquist Index Averages are Geometric Means

Table 15. The Malmquist-Luenberger Productivity Indexes and Components for Central
Teaching Hospitals - Electrocardiograms

Effidency change Technicd change ML index
1992-3 0.87584 1.134358 0.930976
1993-4 1.284812 0.694358 1.061862

Note: All Malmquist-Luenberger Index Averages are Geometric Means

Table 16. The Malmquist Productivity Indexes and Components for Central Teaching

Hospitals - Electrocar diograms

Effidency change Technicd change Mamaquigt index
1992-3 0.965 0.976 0.941
1993-4 4.193 1.721 7.010

Note: All Malmquist Index Averages are Geometric Means




Table 17. The Malmquist-Luenberger Productivity Indexes and Components for Central
Teaching Hospitals - Echocar diograms

Effidency change Technicd change ML index
1992-3 0.993794 0.953317 0.970194
1993-4 1.05751 0.972636 1.045785

Note: All Malmquist-Luenberger Index Averages are Geometric Means

Table 18. The Malmquist Productivity Indexes and Components for Central Teaching
Hospitals - Echocar diograms

Efficency change Technicd change Mamaquist index
1992-3 248 0.748 1.95
1993-4 0.432 0.942 0.417

Note: All Malmquist Index Averages are Geometric Means

Table 19. Change of Ranking of Central Hospitals Under Mamquist- Luenberger Index
Computerised Tomography Scan - 1992

Range N. of units  N. of unitsimproving rank N. of units worsening rank
0.00-0.25 6 - 3
0.26-0.50 8 2 4
0.51-0.75 1 - -
0.76-1.00 1 - -

Computerised Tomography Scan - 1993

Range N. of units  N. of unitsimproving rank N. of units worsening rank
0.00-0.25 5 - 2
0.26-0.50 8 2 3
0.51-0.75 1 - -
0.76-1.00 1 - -
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Computerised Tomography Scan-1994

Range N. of units  N. of unitsimproving rank N. of units worsening rank
0.00-0.25 1 - 4
0.26-0.50 4 1 2
0.51-0.75 2 - -
0.76-1.00 1 - -

Table 20. Change of Ranking of Central Hospitals Under Mamquist- Luenberger Index

Electr ocardiograms-1992

Range N. of units  N. of unitsimproving rank N. of units worsening rank

0.00-0.25 5 - 1

0.26-0.50 5 2 2

0.51-0.75 4 1 -

0.76-1.00 1 - -
Electrocar diograms-1993

Range N. of units  N. of unitsimproving rank N. of units worsening rank

0.00-0.25 5 - 2

0.26-0.50 3 2 1

0.51-0.75 7 1 -

0.76-1.00 1 - -
Electrocardiograms-1994

Range N. of units  N. of unitsimproving rank N. of units worsening rank

0.00-0.25 9 - 2

0.26-0.50 5 1 1

0.51-0.75 0 - -

0.76-1.00 1 - -
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Table 21. Change of Ranking of Central Hospitals Under Mamquist- Luenberger Index

Echocardiograms - 1992

Range N. of units  N. of unitsimproving rank N. of units worsening rank

0.00-0.25 7 - -

0.26-0.50 5 1 1

0.51-0.75 3 - -

0.76-1.00 1 - -
Echocardiograms - 1993

Range N. of units  N. of unitsimproving rank N. of units worsening rank

0.00-0.25 10 - 4

0.26-0.50 1 -

0.51-0.75 4 1 -

0.76-1.00 1 - -
Echocardiograms - 1994

Range N. of units  N. of unitsimproving rank N. of units worsening rank

0.00-0.25 12 - 5

0.26-0.50 2 - -

0.51-0.75 1 - -

0.76-1.00 2 - -

Table 22. Change of Ranking of District Hospitals Under Mamauist- Luenberger
Computerised Tomography Scan - 1992

Range N.of units  N. of unitsimproving rank N. of units worsening rank
0.00-0.25 1 - -
0.26-0.50 0 - -
0.51-0.75 0 - -
0.76-1.00 35 25 -
Computerised Tomography Scan - 1993
Range N.of units  N. of unitsimproving rank N. of units worsening rank
0.00-0.25 2 - -
0.26-0.50 0 - -
0.51-0.75 2 - -
0.76-1.00 32 23 -
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Computerised Tomography Scan - 1994

Range N. of units  N. of unitsimproving rank N. of units worsening rank
0.00-0.25 1 - -
0.26-0.50 0 - -
0.51-0.75 0 - -
0.76-1.00 35 22 -

Table 23. Change of Ranking of District Hospitals Under Mamauist- Luenberger
Electrocardiograms - 1992

Range N.of units  N. of unitsimproving rank N. of units worsening rank

0.00-0.25 10 - 4

0.26-0.50 16 5 3

0.51-0.75 7 1 4

0.76-1.00 1 - -
Electrocardiograms - 1993

Range N. of units  N. of unitsimproving rank N. of unitsworsening rank

0.00-0.25 15 - 3

0.26-0.50 14 4 2

0.51-0.75 2 - -

0.76-1.00 1 - -
Electrocardiograms - 1994

Range N.of units  N. of unitsimproving rank N. of units worsening rank

0.00-0.25 1 - 2

0.26-0.50 19 4 1

0.51-0.75 4 - -

0.76-1.00 1 7 -
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Table 24. Spearman-Correlaion Coefficients For Efficiency Scor esUnder Both Indices

Technology and 1992 1993 1994
Hospital Type

CAT - Centrd -0.302 -0.347 -0.247
EEG - Centrd -0.397 -0.245 -0.490
ECO - Centrd -0.314 -0.212 -0.441
CAT - Didrict +0.037 +0.080 +0.254
EEG - Didrict -0.250 -0.130 -0.035
ECO - Didrict -0.070 +0.078 +0.044

Note: All coefficients are significant at the 95% confidence level.
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