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Abstract: The purpose of this study was to perform an evioeof the policy effect of the
current reform of Japan’s municipal hospitals. \éeused on efficiency improvements both within
hospitals and within two separate internal hospitabanizations. Hospitals have two
heterogeneous internal organizations: the medica@meation division and administration
division. We extend observation time from 3year§years to compare to previous version of this
study. We also added new variable MRI as link \@éa

Results showed that the average overall effigieritained with the DN-DEA model was 0.829
for 2007. The change in efficiency scores from 26072012 was slightly lower. The average
estimated efficiency of both the administration isiomn and medical-examination division
decreased. We were unable to find any significenirovement in efficiency despite the reform
policy. Thus, there are no positive policy effedespite the increased financial support from the
central government.
Keyword: DN-DEA model, Japanese hospital, municipal, Malmtjiridex, MRI.

public organizations. One thousand public hospitais

1. INTRODUCTION owned and operated by municipal governments, most o

Japanese municipal hospitals have experlencedWhich have been losing money for long time.

financial crises throughout the last few decade007, .
As Japanese governments have huge cumulative

the Japanese government established a set of ipeslel deficits, it is important that municipal hospitafgave

for municipal governments for reform and facilicita sound financial foundations. The master plan fog th

restructure of hospital operations. There are 9,000reform of Japan’s municipal hospitals includes feps

hospitals in Japan, half of which are owned by at8v from fiscal year 2007 to fiscal year 2014 as déscti

not-for-profit organizations, and the remainderua by below. First, the central government designed dinide
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regarding proposed reforms and a timeframe forethos subsidies received from local government. The eéntr
reforms in fiscal year 2007. The government ordéhed  government is more interested in the financialaitn
reform of all municipals hospitals according to the of the hospital than the quality of medical sersice
guidelines. Therefore, all reformations of munitspa The guidelines illustrate several countermeasuoes f
hospitals were to start in fiscal year 2007. the reform of municipal hospitals. Such countermezs
The master plan for the reform of Japan’s municipal can be grouped into four categories. The firsthe t
hospitals includes five steps from fiscal year 207 introduction of private business management systems
fiscal year 2014 as described below. First, thetrabn For example, the guidelines recommend outsourang t
government designed guidelines regarding proposedgrivate companies and the adoption of a “Privatafte
reforms and a timeframe for those reforms in 200 Initiative”. The second category is the restruetgrand
government ordered the reform of all municipals consolidation of the hospital organization. Forrapée,
hospitals according to the guide-lines. Therefca#t, the guidelines recommend the merging of several
reforms were to start in fiscal year 2007. hospitals and the conversion of hospitals into ftargn
Second, the central government ordered individualcare facilities. The third category refers to auaibn in
municipal hospitals to formulate a reform plan,luigiing hospitals’ operating costs. For example, the gindsl
performance indicators for the evaluation of thioma propose a revision of wage systems and reductiotizei
within fiscal year 2008. The contents of the refgslan purchase prices of medical materials. The fourth
had some range of autonomy and municipal hospitalscategory is an increase in revenue. For exampk, th
could freely select countermeasures. guidelines recommend increasing occupancy rates and
Third, municipal hospitals are required to annually unit values per inpatient (nearly equal to “univeBue
report the results of the reform plan to central per inpatient per day”).
government. The first report was submitted in fisezar Municipal hospitals can choose the countermeasures
2009. from the examples in the guidelines and can incthde
Fourth, municipal hospitals were required to submit own reform countermeasures. Individual reform plans
intermediate reports on the results of efficiency propose the recruitment of highly skilled professils,
promotion from fiscal year 2007 to fiscal year 2040  further education for healthcare professionals and
the end of fiscal year 2011. revision of the range of medical services. Thughea
Fifth, municipal hospitals are required to submit a hospital formulates its own reform plan and then
final report on the results of the individual refoplan at  self-evaluates the results.
the end of fiscal year 2014. The fiscal year 20d.4he The purpose of this study is to evaluate police&!
deadline for the reform. If the reform has not beenof the reform for municipal hospitals in Japan. We
effective, then central government will requestt ttree estimated efficiency scores from 2007FY to 20126Y n
municipal hospital shut down or sell the operatiérthe only for the hospital as a whole but also for tviisions.
hospital. In addition, we estimated Malmquist index score to
As explained above, the guidelines of the reform evaluate dynamic change the efficiencies. We wélkéd
mainly target hospital administration because tt@nm to consider further policy implications from thesudts.

objective is to reduce deficit and to reduce th@amh of
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2. METHOD AND DATA hospital. The DN-DEA model makes it possible toéav

The data used in this empirical investigation a two-stage production structure in one hospitst ts,

concerns 74 municipal hospitals from 2007FY to both the administration division and medical-

2012FY in a balanced panel. There are apprOXImatelyexamination division. The administration divisicaises

1,000 municipal hospitals in Japan and there igelar funds for and maintains medical beds and expensive

heterogeneity among them. We  selected munICIpalmedical equipments. The medical-examination divisio

hospitals with more than 300 beds. Therefore, th'suses the medical beds and medical equipments videro

sample may represent larger acute hospitals ownyed bmedical services. Furthermore, the medical- exatiina

Japanese municipals. The data were collected fftem t . . . . . .
division earns medical revenue in return for medica

Annual Databook of Local Public Enterprise publishe services and the administration division colleck® t

by the Ministry of Internal Affairs and Communicatis. . S L
revenue from the medical-examination division and

Itis a legal requirement that the local chief exae of manages financial matters. Previous literature that

municipal governments submit audited financial adopted traditional DEA models in the study of J

statements to the ministry. Therefore, the datallshibe hospitals did not consider intermediate productsain

accurate. Accuracy is required for DEA becausaiinot hospital. In case of the DN DEA model, we can sk |

take into account measurement errors in the dafi D variables as intermediate products for both divisio

also implicitly assumes the correct model spediiea This benefit of the DN DEA model (compared with the

and the correct specification of inputs, outputd ather traditional DEA model) is that it makes it possitite

variables. reflect on the actual situation. We adopted twd lin

There are two heterogeneous internal organizatians: . .
variables in our model.

medical-examination division and an ad-ministration In addition, if we add variables related to the

division. The administration division carries ouisiness administration division in the traditional DEA mddee

management activities to contain medical expenses .
would suffer from inadequate correspondence between

within medical revenue. The medical-examination inputs and outputs. For example, the administratiaffs

division provides various medical care servicegdaly. do not directly engage in the production of medical

These two organizations can be described as 'memaservices. In the case of the traditional DEA mode

mutual exchange services. The administration dinisi input may correspond with the number of inpatierstan

provides medical beds to the medlcal—examlnatlonOutput' However, the relationship between the

division, and the medical-examination division rgpa administration staff and the number of inpatientsuld

the revenue through the use of medical beds fatiept cause an undesirable bias in the efficiency estimat

Services. Therefore, the DN-DEA model conceptually reduces bi

The objective function of the administration diaisiis in the estimation of efficiency by both consideritig

to realize a sound financial situation through lainputs multiple-step production structure and by excluding

and capital inputs. The objective function of the inadequate interactions between inputs and outputs.

medical-examination division is to provide a certai : . L
However, we do not consider more detailed divisions

amount of medical services using hospital beds dhat this study. For example, we did not consider

maintained by the administration division at thenea . - L
pharmaceutical or clinical laboratory divisions.
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Many previous studies that have adopted traditionalproblematic [1]. Emrouznejad and Amin [2]
DEA models to examine Japanese hospitals haveddcus recommended not using constant returns to scala whe
on the activities of the medical-examination dieisi there is a ratio in the input/output variables. rEtfere,
These studies typically adopt the number of docémsd  we decomposed the ratio to medical income and rakdic
nurses as inputs and the number of inpatients andxpenses: the numerator was used as output fosiDrivi
outpatients as outputs. Therefore, such studiesxato 1 and the denominator as input for Division 1.
contain the activities of the administration digisj by For Division 2 (the medical-examination division),
way of either input variable or output variable.wé&ver, we adopted four labor inputs: the number of dogtors
the DN DEA model enables us to consider activities number of nurses, number of assistant nurses amew
both divisions. We can observe the activities o th of medical technologists. All labor inputs were
administration  division  separately from  the corresponding value of FTEs. For the outputs ofighiwn
medical-examination division. 2, we adopted the number of inpatients per operatay,

The inputs, outputs, links and carry-overs of B¢ the number of outpatients per operation day and the
DEA model are described below. For Division 1 number of beds in emergency units. In Japan, tiseme
(administration division), we adopted two labor utg  gate-keeping system involving general practitioners
and three capital inputs. The administration donisiioes  Therefore, hospitals accept a large number of detpa
not directly provide a medical service to patierfihe to attract potential inpatients. In this study thember of
division is in charge of providing medical bedstte beds in emergency units was used as a surrogasbhear
medical-examination division and maintains a soundfor emergency care service because we could not
financial situation for the hospital. Therefore, distinguish between emergency care patients and
administration staffs should manage the financial ordinary patients from the data source.
situation of the hospital. They also receive subsid Previous studies regarding efficiency estimations
from the municipal government and manage theon Japanese hospitals did not include emergencycaied
reimbursement of issued hospital bonds. Maintenanceservices. A core function of public hospitals irpda is
staffs maintain all the hospital buildings for hitap  to ensure a quick response for emergency patients.
activities. As labor inputs, we used both the numiife = However, some municipal hospitals have closed their
administration officers and the number of mainte®an emergency units to reduce costs despite the inogeas
officers. All labor inputs are full-time equivalsnFTEs). need for emergency medical services. Although we
However, we did not consider staff differences in consider that the evaluation of efficiency of muwét
productivity and wage levels. As capital inputs, used hospitals should include the number of emergency
the interest cost for financial arrangements andicipal patients, we were not able to obtain numbers frben t
subsidies to cover deficits. available data. Therefore, we adopted the number of

For the output of Division 1, we intended to adopt emergency beds as a proxy for the number of emeygen
the “balance ratio of medical incomes to medical patients. This proxy variable has limitations beszait
expenses”; the break-even point has a value ofdlaan did not control for the difference in severity of
surplus has a value exceeding 1. However, usirgfia r emergency patients, the quality of emergency meédica

as an input or output makes the convexity issubEA service and the occupancy rate of the emergency. bed
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The existence of a link variable is one of the key devices.

differences between the DN model and the BB model.

The link variable is an intermediate product thatsa

simultaneously as an output for Division 1 and @out

We used “average revenue per inpatient per da@ as
link variable from Division 2 to Division 1. We assed

that the average revenue is the consideration fmalmeto

to Division 2. Using an intermediate product, wen ca Division 1 for the beds from Division 2. The avesag

evaluate multiple production steps among divisiams

revenue per inpatient may represent the density of

one DMU. Tone and Tsutsui [3] present four possible medical care services. We adopted the “as-outpoi; |

scenarios. For example, the “fixed link value case” where the linking activity is treated as an outfrom

means that the linking activities are unchanged.

There are peculiar characteristics in case of nipailic
hospitals comparing with private hospitals in Japamne
to election tactics of governors, municipal hodpitend
to do overinvestment in both beds and expensivaaakd
equipment. The decision of the investment was argin
made by the administration division. We should ¢am
the effect of capital investment from the admigison

division to medical-examination division.

We set the both “number of beds” and “number of

Division 1. The reason for this is that this maitenot
negotiable between the two divisions. Division budld
be efficient enough to provide higher density matic
services under the given resource constrains.

There are other peculiar characteristics in case of
municipal hospitals comparing with private hospital
Japan. According to the soft budget constraint, ioipal
hospitals can keep huge cumulative deficit. We need
consider negative effect of the deficit in our exaion.

The carry-over variable is one of the benefits sihg

tesra of Magnetic Resonance Imaging (MRI) scanners’a DN model compared with a BB model. A DMU

as a link variable from Division 1 to Division 2. &V

assumed that Division 1 is in charge of the funding

ordinarily continues activities over several terms.

Furthermore, some inter-temporal factors can affesct

maintenance of medical beds and expensive medicagfficiencies. The carry-over variable makes it lussto

devices. Division 1 supplies these beds and deizes
Division 2. Division 2 uses the medical beds andaies
for delving medical care services to patients. \Wepted
a non-discretionary “fixed” link, where the linking
activity remains the same. The reason for thisha it
would be unusual for the medical-examination dossi
to negotiate with the administration division toaole
the number of beds. The administration divisior dlas
an incentive to generate sufficient medical reve(toe

offset the medical expenses) and to use all availadds.

account for the effect from connecting activitietvioeen
continuing terms. The carry-over variable has four
characteristics in Tone and Tsutsui [3]. For exanpl
“desirable (good) carry-over” variables are treatesl
outputs and a comparative shortage of carry-ogeseén
as inefficiency.

We set the “balance account of the public entegpris
bond (hospital bond)” as an undesirable (bad) eaver.
The hospital bond was chosen as the carry-overuseca

municipal hospitals issue these bonds to raisesfifiad

MRI scanners are expensive medical device and whiclcapital investment in terms of hospital beds. The
are very popular in Japanese hospitals. The “tesra’municipal hospital gradually redeems the issueddbon
means capacity of Magnetic power and means finenesfom any revenue surplus. We adopted the “unddsirab
of imaging diagnosis. We set the number of tesrsl&f (bad)” carry-over; thus, the connecting activityorfr

scanners as proxy Vvariable for expensive medicalPeriod 1 to Period 2 is treated as an input. Theme for
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this is that newly built hospitals are more attraetto
patients but represent a heavier fiscal burdeerimg of
repaying the principal. Therefore, to treat the ljgub
enterprise bond as a carry-over reflects accurataty

competitive condition of the market in which patgn

The number of inpatients per operation day dectkase
3 percent point from 2007FY to 2012FY. The numbfer o
outpatients per operation day decreased 6 pera@nt p
from 2007FY to 2012FY. The balance ratio of medical

expense to medical income improved 5 percent goint

can freely access any hospital. However, we did notthe red) from 2007FY to 2012FY (Figurel).

consider both the average life and interest rate¢hef
hospital bonds.

According to the first principle that a public hitgpis
expected to accomplish a policy goal with a minimum
budget, we selected an input-oriented model. Wetado
both constant returns to scale (CRS) and variailems
to scale (VRS) models in the analysis. We also eyqul
Malmquist productivity index (MIl) number approaatda
decomposed MI to technological change (frontieftshi
and efficiency change of non-best-practice DMUs
(catch-up). In case of Malmquist index, we sele@&E
model according to the results from Tatje and Lol
Names of all variables in the analysis are proviited
Tablel.

Table 1. Names of all variables in the analysis
Variable Names

Number of administration officers
Number of maintenance officers
Interest cost per year

Subsidy from municipal

Medical expense

Division Ihput

eeBeno

Medical income

Number of beds

Number of MRI

Number of doctors

MNumber of nurses

Number of assistant nurses
Number of medical technologist
MNumber of inpatients per an
operation day

MNumber of outpatients per an
operation day

MNumber of beds for emergency
unites

Output
Link{Div1—=Div2)
Link{Div1—Div2)
Division?

Input

Ohutput

® & @ Legd

Link{Diva—Div1)

Carry over

Inpatient revenue

Cumulative deficit

36

Main osutputs of sample hospitas from
2007FY to 2012FY

150 106
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Figure 1: Main outputs of sample hospitals from
2007FY to 2012 FY

3. RESULTS

Table 3 presents the key statistics of the estithate
efficiency scores obtained by the DN model. On the
Table 3, the first row shows the efficiency scooéshe
overall hospital organization as determined by Eh¢
model. The second row shows the efficiency scoffes o
the administration divisions of the sample hospitdlhe
third row shows the efficiency scores of the
medical-examination divisions of the sample hospita
From the results of DN model, we obtained four key
findings.

First, the average overall efficiency by the DN mod
was 0.91 (VRS model) for 2007FY. The average
efficiency score estimated by the DN model was almo
same level with the average efficiency level estadan
previous studies on Japanese municipal hospiteg$. [5

Second, the average level of relative efficiency on

2012FY is slightly less than on 2007FY in overalhe
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average efficiency score was 0.91 for 2007 and @89 Table 2 Estimated Malmquist index scores by

2012FY (VRS model). DN-DEA
_ Gision _model Year 0708 0800 0910 1011 1112
Third, because of the advantage of the network Division] CRS-I Awrage 1.058 1.070 1.107 1.085 1.049

: i i sD 0169 0.137 0136 0.124 0132
structure in the DN model, we can observe the iefiicy fadmin) waimun 1608 1516 1669 1632 1465

Minimum 0.714 0.736 0.833 0.820 0.520
Division 2 GRS-1 Awrage 0.968 0.980 1.001 0972 1.002

change separately for different internal organarati

The average level of estimated period-divisional (medica) sb 0074 0106 0.113 0090 0118
Maximum 1275 1494 1385 1478 1.554
efficiency of the administration division decreadesm Minmum 0.761 0641 0693 0.750 0.786

0.901 in 2007FY to 0.881 in 2012FY (VRS model). The The Malmqusit index of the administration division
average period-divisional efficiency of the improved year by year about 6%.0n the contrary, the
medical-examination division also decreased fro82D. Malmquist index of the medical-examination division
in 2007FY to 0.909 in 2012FY (VRS model). On seems to have no change during 2007FY-2012FY.To

average, there was no significant efficiency imgment  investigate the reason of the improvement of

in both divisions for the 6-year period. administration division, We decomposed the Malmiquis
index to frontier shift and catch up. The improveinef
Efficiency Score (Input-Oriented, VRS) the Malmqusit index of administration division may
1.00 " B " PR H H
B Medical-examination division come from “Frontier shift” rather than “Catch up”
B Administration division i lusi dmit thtc
0.95  Overall efficinecy score (Figure 3). As a conclusion, we cannot admit thécgo
effect in terms of efficiency improvement. However,
0.90
there may be “technological change” in administrati
0.85 division as frontier-shift effect. We could not otuide
050 that what is the technological change in administna
2007 2008 2009 2010 2011 2012 division. However, we suspected that accounting

Figure 2: Estimated efficiency scores by DN-DEA standard had temporally loosened by financial stippo
hospital bond from central government to municipals

The Malmquist productivity index is suitable for
Malmeguist Index of administration division from 2007FY

evaluate dynamic change of efficiency of the samiple . to 2012FY
The average level of the Malmquist productivity éxd
L1 N
was 1.022 from 2007FY to 2012FY. / e,
We can observe the efficiency change separately for %% |

different internal organizations. The average lewél Lo MW
estimated Malmquist index of administration divisio ——breatier Shit
increased from 1.58 from 2007FY to 2008FY, and 9.04

from 2011FY to 2012FY (CRS model). On the contrary, HEERE 05309 10 111 =1

e i L

the average level of Malmquist index of the Figure 3 :Malmquist Index of administration division

medical-examination division almost unchanged from from 2007EY to 2012EY
0.968 in 2007FY to 2008FY, and 1.002 from 2011FY to
2012FY (CRS model)(Table 2).
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4. DISCUSSION

Results from the efficiency estimation showed that

every two years in Japan. The price increased erage

by 2% in fiscal year 2008. However, sample hospital
dynamic change in efficiency scores from 2007FY to have affected the change of reimburse rate of publi
2012FY improved slightly but are not statistically health care insurance. Therefore, the relativecieficy

significant. Thus, there are no positive policyeet scores would have small influence. Many Japanest ac

despite the announcement. In addition, estimagsnlts hospitals decided to voluntarlly change their

of malmquist index indicated an improvement of . y e B
reimbursement system from “fee for service” to “per

malmquist index in the administration division. The diem based on diagnosis groups (DPC)". This study d

improvement of the Malmqusit index of administratio not fully consider these external environmentaing

division may come from “Frontier shift” rather than in the Japanese hospital market.

Catch up” effect. Regarding policy implications, we did not consider

We suspect that the Frontier shift effect came from both the relative costs of the two divisions an@ th

change of accounting standard for municipal hokpita relative costs to improve efficiency in each dioisi For

and implicit subsidy from central government to the L .
example, one division may be less efficient on ager

municipal hospitals. For example, central govemime but the other may be more costly so that a given

permitted to issue “special hospital bond” witheirgst efficiency improvement is more beneficial. When

subsidy from central government and allowed toaepl playing an active role in policy implementation, weed

bad debts with cash from the special hospital bddal to consider relative costs in addition to the @iy

issuance of the special hospital bond reached 87,25 , :
scores. Future study will require a larger sampteaad a

million yen (about 477 million dollars) on 2008FY. more complex model.
This study would have several limitations that need
be addressed. For example, we were unable to use
variables regarding the “quality” of medical seescand = REFERENCES
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