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Abstract

The purpose of this paper is to analyze the effajieperformance of the hospitals
and medical centers in Vietnam by using a non-patam approach, namely the
data envelopment analysis (DEA) model. The daten ftbe Economic Census for
Enterprises by the General Statistics Office oftnden (GSO) consists of 44
observations, which include 17 hospitals and 27 icadcenters in different
provinces and cities in 2002. The results indidheg the average scale efficiency of
the hospitals was 77.4 percent, while that of tleslical centers was 58.7 percent.
Further, hospitals were clearly more efficient tharedical centers due to some
possible factors. Locations in Hanoi and Ho Chi Micity had no influence on either
overall technical efficiency or scale efficiencyedpite differences in the results of
testing the impact of net capital-labor ratio orfi@éncy for hospitals and medical
centers, these organizations appear to operataboi-intensive ways.
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1. Introduction

Thanks to the impressive social and economic aehiewnts from th®oi moi (renovation)
policies, which were initiated in 1986, the livistandards of the Viethamese people have been
improved. Health-related indicators have been ugepasignificantly. For instance, child
mortality and under-five mortality rates decrea®sd53.9% and 48.6%, respectively, during
1993-2004 (World Health Organization [WHO], 200éhd life expectancy at birth increased
from 65.2 in 1995 to 70.4 in 2003 (Thanhnien Onlig805). Among the various factors that
contributed to improving the ranking of Vietnamtiie Human Development Index (HDI) during
the past decade, these achievements in the healibr svere extremely important. To gain such
substantial improvements, the development of tretihecare system, including hospitals and
medical centers at different administrative levakss been encouraged. In 2002, Vietnam had 17
central hospitals located in main cities or regiamaters, and all 600 districts in the country had
medical centers (Ministry of Health [MoH], 2003)hdre has been an increase over time in the
percentage of the population able to access hsaithices.

However, according to some reports, such as thahefWHO (2006), many problems
remain in the operation of health care system. Humesources and quality of services are the
most critical issues. Therefore, evaluation of afien efficiency for the hospitals and medical
centers is still needed.

Various factors must be explored in analyzing openaperformance of the hospitals and
medical centers. These factors include financingndn resources, and ownership structure. In
addition to these traditional indicators, analys&s focused on technical efficiency and scale
efficiency in recent years. Among various methoasnon-parametric approach, commonly
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known as the data envelopment analysis (DEA) mdded, been applied widely. To the best of
our knowledge, there has been no such researt¢hddrospitals and medical centers in Vietham

because almost all of the evaluation reports haenlbased on the traditional ways in which
statistical reports are usually reviewed.

The objective of the paper is, therefore, to examtachnical efficiency and scale
efficiency of the hospitals and medical center¥igtnam to determine whether their operations
were efficient. The results are hoped to providéicpoimplications for policy makers and
managers of hospitals and medical centers to ingpefficiency performance. The paper is
organized as follows. Section 2 makes an overvieth® health care system in Vietnam with
some information about its structure and humanuess. A literature review efforts to measure
efficiency of hospitals using the DEA model will peovided in Section 3. In Section 4, we will
present methodology, data source and variablesaanddel to evaluate the factors that could
influence efficiency. The estimated results andyam will be presented in Section 5. Section 6
provides some conclusions and indicates posséslitor further studies on the topic.

2. An Overview of the Health Care System in Vietnam

Over the past decade, the health care activiti®&atmam have been strongly promoted to
meet increasing demand of the people. Therefoeesyistematic development of hospitals and
medical centers has also been encouraged. Rec#mlhealth care system has come to be
mixed between public and non-public health carevigdeys. The public ones are still playing
dominant roles, especially in prevention, reseammg training. There are three levels of
hospitals and medical centers: central level, pr@eal level, and district level. At the central
level, the Ministry of Health (MoH) is responsildler management of the people’s health care
and protection. According to théietnam Health Report 2002y MoH, there were 17 central
hospitals located in main cities or regional ces)tsuch as Hanoi, Ho Chi Minh city (HCMC),
and Hue city. Central hospitals are located ahtgkest technical level in terms of treatment and
care; they have the responsibility to provide smyithat are not available at the provincial level
(MoH, 2003). The provincial hospitals and medicanters are running under the direct
management of the provincial health bureaus andejsrtments. These provincial organizations
are equipped with qualified staff and appropriatgiipment in order to support and provide
technical guidance to district and commune hedétions. All 600 districts in the country have
health centers, and each health center had atdeasieneral hospital with 50 to 100 beds. Table
1 provides information on the hospitals by admaiste levels and specialities as of 1999.

Table 1: Number of Hospitals by Levels and Specialities, 1999

Types of hospitals & levels Facilities Beds é‘;gﬁ gj;é?
Quantity % Quantity %
Central 17 2.1 8,530 8.3 502
General 11 1.3 6,320 6.2 575
Specialized 6 0.8 2,210 2.1 368
Provincial 196 24.8 51,694 50.6 264
General 94 11.9 34,165 334 364
Specialized 59 7.5 13,348 13.1 226
Traditional medicine 43 5.4 4,181 4.1 97
District (all are general) 519 65.7 37,411 36.6 72
Hospitals of other sectors 58 73 4.550 45 78
(all are general)
Total/Average 790 100 102,185 100 129

Source: MoH (2003)
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In addition to the public hospitals and medicaltees) the private health care scheme has
also been expanding rapidly. All the private pramtiers are monitored by the provincial Health
Bureau. The number of private health stations haseased over time and is concentrated in
cities and urban areas; 69.4% of private healttitias and 61.8% of private traditional medical
practitioners were located in these areas in 1888H( 2003). The distributions of the hospitals
and medical centers are biased, and this bias niakeégficulties in improving both the quality
and quantity of provided health services. It cansben from the data for Hanoi and HCMC
against that for the two mountainous provincehertorth (Table 2).

Table 2: Biased Distribution of Private Health Facilities

Provinces/Cities Number of Private Health Facilities
1998 2001
HCMC 7,105 8,917
Hanoi 3,751 4,594
Tuyen Quang 94 133
Lai Chau 54 66

Source: MoH (2003)

In terms of staff, the number has also increaseiftlgwver time. In the public health
scheme, the number of staff increased from 212pH@ple in 1986 to 230,548 people in 2000
(MoH, 2003). The quality of human resources imptbggeatly; qualified staff with Ph.D.s,
Master’s degrees, and professional qualificatioesgased the most. For example, the number of
doctors with Ph.D. and Master’s qualifications eased from 33,470 people in 1996 to 41,663
people in 2000. Vietnam has more doctors per 1Q0p@®ple than some other countries in the
region, such as Malaysia, Thailand, and the Philgg

There are, however, many issues that the healéhsyatem in Vietnam is facing. Although
the private health care has grown swiftly recenitlis mainly active in outpatient care. Inpatient
care, which is usually costly, is provided mainjythe public sector. According to WHO (2006),
only 26% of private health facilities participate primary health care activities. In addition,
although the number of specialized hospitals aimdcsl has increased over time, they account
for only 11.36% of health facilities and are theref often overloaded. In general, the ratio of
nurses to doctors is still very low. In a more ltoaew, Vietnam needs to deal with some
current pressing and critical issues, includinggbality of services, training programs for health
staff, and a large disparity in access to healtd tacilities across regions and population groups.

3. Measuring Efficiency of Hospitals: Literature Review

Recently, the DEA approach has been used widegvaduate the efficiency performance
of hospitals. Using this approach to measure efficy for the private hospitals in Australia,
Websteret al. (1998) found that efficiency estimates for the pked hospitals were not robust to
changes of the sets of inputs-outputs. It was estarg to find that sometimes even small
changes in input sets could produce very diffenersults, specifically when outputs were
disaggregated (Webstet al, 1998). The overall conclusion of this study what} although
most hospitals were operating under decreasingn®to scale, technical efficiency appeared to
be only marginally influenced by factors such aspial type and scale.

Barbettaet al. (2001), by adopting an output-oriented DEA modd§o estimated the
technical efficiency of hospitals in Italy with thepact of ownership structure in the period
1995-1998. The efficiency scores showed that akgyof hospitals in the sample—public and
not-for-profit private ones—had a declining tremd technical efficiency during the period,
particularly in 1998. An emerging finding of thisudy was that when considering discharged
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patients as output, public hospitals had more iefiicperformance on average, while their non-
profit counterparts showed better performances vdogsidering the length of stay as output.

Also using a DEA model, Castro (2004) analyzed tdehnical efficiency of 54 public
hospitals in Chile. The estimated results showead sbveral hospitals were operating at a lower
pure technical efficiency level and scale efficieriban the best-practice frontier, which was
obtained based on relatively more efficient hosgitarhe author showed that technical
inefficiency ranged between 30.3 and 94.3 perdemtl]ying that average hospitals consumed
30.3-94.3 percent more resources than needed tbegsame levels of outputs (Castro, 2004).

In addition to being applied to an individual cayntthe DEA method has also been
applied to compare the efficiency of the healthessbs among countries. Tandenal. (2000)
estimated the efficiency of the health scheme9ih dountries in the world. After omitting and
ignoring some uncontrollable exogenous factorsh siscthe AIDS epidemic, population density,
and geographical location, the findings of the aesle indicated that the technical efficiency
scores for these countries ranged from 8 to 91rdepé The authors, however, admitted that
these scores merely reflected the possibility tprowe the efficiency of these countries’ health
schemes in comparison with the most efficient cguimt the sample.

Steinmanret al. (2003) measured and compared the in(efficiencyefman and Swiss
hospitals. Both models used—a standard DEA modglaarestricted DEA model to reduce the
impacts of reporting errors and get a more comparfiontier—showed that the technical
efficiency gap between German and Swiss hospitatkerved over time. According to the
authors, this gap might reflect the fact that patien Switzerland had a larger choice of hospital
without being exposed to cost differences (Steimmedral, 2003), and that there were excessive
inputs for a given output, i.e., low DEA efficiencwhen inputs were valued by patients as
guality indicators.

Hollingsworth (2003) summarized recent studies fm technical efficiency of hospitals
around the world. The finding was that the avereffieiency score in most studies was 0.834
for the US hospital system, which was predominaciigrracterized by privately provided health
care insurance. At the same time, that of Europeantries (including the UK, Finland, Greece,
Austria, Belgium, Norway, Spain, and France), irichhhealth care was characterized by public
provision, was about 0.892 (Hollingsworth, 2003hisTfinding meant that room remained to
improve the efficiency in hospitals of the US ahé sample European economies. The study
also explained some possibilities that could biassé¢ findings, such as methodological
differences and heterogeneity of observations.

4. Methodology, Data, Variables, and Model Specifications
4.1. Methodology: Data Envelopment Analysis

As mentioned, the DEA approach has recently bedbmelominant approach to measure
the performance of many economic sectors. Oneeohttractive characteristics of this approach
is that it can deal easily with multiple outputs.addition, DEA is a non-parametric approach, so
it does not require any assumption about the fanatiform of the production or cost frontier.
Therefore, DEA concentrates on taking into acceuntt classifying variables that can be inputs
or outputs of the production function.

Technical efficiency may be defined as the abititya firm to produce as much output as
possible, given a certain level of inputs and dert'echnology. Figure 1 illustrates this
definition. In the figure, there are five points,(B, C, D, E) associated with different levels of
input and output. The line ABC describes the frentor the production process. Observations
A, B, and C are on the frontier, while observatibnand E lie below the frontier. There exists a ray
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from the origin tangent to the frontier at pointBhis ray represents the constant returns to scale
of the technology represented by the data of tlobservations. In this example, observation B
depicts relative technical efficiency, i.e., thisnf is purely technically efficient and scale
efficient due to its location on the frontier ame fproperty of constant returns to scale.

Figure 1: lllustration of Technical Efficiency
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Although a firm may be technicallgfficient in an overall sense, it is possible thais
experiencing inefficiency in scale. Observationarl C are purely technically efficient because
they belong to the frontier, but they exhibit scalefficiencies. Observation D is both scale and
technically inefficient because it lies below theritier. Theoretically, the same level of input
could be used to achieve a higher level of outpich would allow the firm (at point D) to
move forward to the frontier between points B and@bservation E is purely technically
inefficient because it lies below the frontier, ltuts scale efficient because it produces at input
level of x2—the scale-efficient level of input (ire same level of output as observation B).

In order to obtain separate estimates of techmiffadiency and scale efficiency, we apply
the input-oriented technical efficiency measurenterthe data. This measurement must satisfy
two different types of scale behavior: constanunet to scale (CRS) and variable returns to
scale (VRS).

Let Y be an M x N) matrix of outputs of hospitals and medical centier the sample,
where the elemery; represents th&" output of thg™ hospital/medical center. Lé&tbe a P x
N) matrix of inputs, in which the elemexy§ represents th&" input of thej™ hospital/medical
center andz an N-vector of weights to be defined. Elements of thesetors denote;z.., zy. The
vector y (M x 1) vector of outputs ang is the P x 1) vector of inputs of th@" hospital/medical
center.

The CRS input-oriented measurement of technicatieffcy for thej™ hospital/medical
center is calculated as the solution to the folimyinathematical programming problem.

Al =min, A, (1)

subject to:
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The scale valud represents a proportional reduction in all inpuishsthat 0< A < 1, and
Al is the minimum value ofl, so thatA/x' represents the vector of technically efficient itgou

for thejth hospital/medical center. Maximum technical effizig is achieved whed! equals

unity. In other words, if the DEA gives the outcomé=1, the hospital/medical center is
operating at the best-practice and it is not ablienfprove its performance any further, given the
existing set of observations. & <1, we can conclude that the hospital/medical cerger

operating below the best-practice frontier.

The VRS technical efficiency for th8 hospital/medical center is computed as:
Al =min, A, )
subject to:

[ Vi S Yudt Yoottt W ¢
Yoi S YnZt Yo ot t Wy £

< XaZ* X ZH et %y ZSA X
X1Z+ %o bt Xy Z <A X

Given these two estimates of technical efficienttye input-oriented scale efficiency
measure for th§" hospital/medical center is calculated as the rati€RS technical efficiency
(or overall technical efficiency) to VRS techniedficiency (or pure technical efficiency). This
means that:

S =A1A. (3)

If the value of this ratio is equal to unity (i.&l= 1), the hospital/medical center is scale-
efficient, meaning that the hospital/medical censeoperating at its optimum size, and hence
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that the productivity of inputs cannot be improv®dincreasing or decreasing the size of the
hospital/medical center.

If the value of this ratio is less than unity (,i.é < 1), the hospital/medical center is
concluded to be not operating at its optimum dizethe first of two possible cases, (i),9k1

and A/ =) | the scale inefficiency results from increasingumes to scale. In other words,
increasing the size of the hospital/medical cehtdps to improve its productivity and thereby
reduces unit costs. In the second possible cagdf @ < 1 andA! < A!, the scale inefficiency is

due to decreasing returns to scale, indicating that hospital/medical center can raise its
productivity and lessen unit costs by choosing alEmnsize.

Rearranging equation (3) we have the overall tedimfficiency being the product of pure
technical efficiency and scale efficiency:

Al =Al8. (4)

Note thatA! is also the pure technical efficiency, or the téchl efficiency of thejth
hospital/medical center, less the inefficiencies thuscale.

Equation (4) shows two sources of technical inéficy: scale inefficiency @S) and pure
technical inefficiency (%A)). In the absence of environmental differences.,(ilecal

government policies and other unspecified varigbbesd measurement errors of inputs and
outputs, the pure technical inefficiency would eetl departures from the management of the
best-practice hospital/medical center. Eliminatithgg latter source of inefficiency requires

forming a benchmarking partnership with relevanstigractice hospitals/medical centers to
identify and then emulate their management prastice

The output of DEA, therefore, includes measuresauh hospital/medical center’'s overall
technical efficiency, pure technical efficiencyakeefficiency, and the identification of its best-
practice benchmark. The best-practice benchmarkiges the potential benchmark partners
associated with their respective contribution ® blest-practice benchmark.

4.2. Data, Variables, and Factorial Effect M odel
4.2.1. Data and Variables

The data used in this paper is firm-level data withobservations in 2002, which were
selected from the Economic Census for Enterprigeth® General Statistics Office of Vietnam
(GSO) during 2000-2002. There were 17 hospitals Zhdnedical centers in the sample for
2002. Census data for 2000 and 2001 was also bisilaut the numbers of observations for
these two years were so small that they might ntakeestimates biased. Therefore, we chose
only the observations of the year 2002 for thisgpap

In our DEA model, we will use net revenug &s output and number of laborellsand net
capital kr) as inputs. Net revenue is calculated by subtrgdtiom the total revenue all required
payments, such as taxes and contributions. It iasomed in millions of Viethamese dong
(VND). The number of laborers is calculated by theerage number of laborers in the year,
while net capital is calculated by subtracting @egation from the total capital, and is measured
in VND million.

Table 3 summarizes statistical information of h# tnentioned variables. A wide gap can
be seen between the observations in terms ofdilators. For example, the number of laborers
varied between 5 and 410, and net revenue rangaed 0 to 61,397 million VND.

A detailed decomposition of the data for hospitafgl medical centers in Table 1 also
shows that hospitals in the sample were usualfelathan medical centers in all indicators. For
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instance, the number of labors varied from 5 to, 4ilfile that of medical centers ranged from 6
to 53, and net revenue of the studied hospitalsfreas 208 to 82,524 million VND, while that
of medical centers was only from 10 to 9,623 millMND.

Table 3: Statistical Summary of Variables

Obs. Mean Std. Dev. Min. Max.

All observations

r 44 5,756.295 13,956.59 10 61,379

I 44 54.15909 85.49091 5 410

kr 44 8,881.477 18,474.58 13 105,902
Hospitals

r 17 17,982.59 26,366.15 208 82,524

I 17 113.9412 120.6884 5 410

kr 17 22,189.5 30,564.53 13 105,902
Medical Centers

r 27 1,628.259 2,357.635 10 9,623

I 27 23.33333 14.39885 6 53

kr 27 3,079.389 6,602.253 105.5 33,587

Source: Authors estimated from the dataset

By ownership, it is important to note that all obhsgions were from the non-state sector.
Out of 44 observations, the number of private, tjaitock, joint venture, and foreign-invested
hospitals and medical centers was 14 (or 31.8%heftotal), 17 (38.6%), 8 (18.2%), and 5
(11.4%), respectively. Table 4 provides a stat$tsummary of all variables for these ownership
types. Although the number of observations for egpk of ownership was different, a large gap
is obvious between the studied hospitals and medésders in terms of all variables.

Table 4: Statistical Summary of Variables by Ownership

Ownership Obs. Mean Std. Dev. Min. Max.
Private
r 14 1,477.286 1,773.113 114 6,057
I 14 31.07143 28.16562 6 98
kr 14 2,348.357 4,016.502 13 14,681
Joint Stock
r 17 8,798.824 18,778.13 0 61,379
I 17 73.23529 112.5914 5 410
kr 17 14,708.06 27,558.8 106 105,902
Joint Venture
r 8 7,564.5 17,656.21 10 51,137
I 8 73.75 106.2245 18 335
kr 8 6,042.375 7,420.733 500 23,408
Foreign-invested
r 5 4,499.8 3,972.054 0 9,623
I 5 22.6 10.57355 6 34
kr 5 11,906.4 12,692.91 256 33,587

Source: Authors estimated from the dataset

Many variables that could be used as inputs angdutsit Due to severe data limitations,
however, we could only use these variables fomoodel.

4.2.2. Factorial Effect M odel

By using the data and the data envelopment anglysgram (DEAP) Version 2.1 (Coelli,
1996), we will estimate technical efficiency witbrstant returns to scale (or overall technical
efficiency, crstg, with variable returns to scale (or pure techheféiciency, vrste, and scale
efficiency Gcalg. As previously mentioned, scale efficienscdle is the ratio betweenrste
andvrste
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An important question is what factors appearedemssociated with technical efficiency
of these hospitals and medical centers in the sy@dy. Answering this question might help
policy makers and managers of the sampled hosptadsmedical centers to have alternative
strategies to improve efficiency performance. Iis ffaper, we will use the following model.

TE = ap + ankrl + aor + asr? + agloc + & (5)

whereTE is the efficiency score that will be estimatediirthe DEA approachy; (i =1, 2, 3, 4)
is the respective coefficient of the independemialdes;krl is the net capital-labor ratio of each
construction firm and is measured by the ratio leetwnet capitédr and number of laboretsr
andr? are net revenue and squared net revenue, resglgctind they represent the firm sifmg

is a dummy variable for locations in Hanoi and HCMGth loc = 1 for firms located in Hanoi
and HCMC and 0 otherwise; a@ds random error.

We can see thdtrl andr are crucial and determinant variables of technetftiency of
the hospitals and medical centers due to the fatigweasons. First, net capital-labor ratol
represents technical intensification of the labothese organizations, and it indirectly reflects
that they are operating in labor-intensive or alpiitensive ways. Second, net revenug (
shows their performance, particularly reinvestmergapital or human resources. Moreover, the
estimated coefficients af and r* might tell us whether there existed an efficiensyital or
medical center with the smallest or largest size.

The dummy variabléoc represents business location of firms in HanoiM€ and other
provinces, and it indicates how the business enment influenced efficiency of the studied
hospitals and medical centers. It is expectedthi®firms located in these two central cities have
better efficiency performances than their countegpa other parts of the country.

In this paper, we will use the factorial effect rebtbr crsteandscale SinceTE is upper-
bounded by 1, we will use Tobit estimation for eipra(5).

5. Empirical Results and Analysis
5.1. Estimated Efficiency Scoresfrom DEA

Due to the different characteristics of hospitadd anedical centers, we did not pool all the
observations in the DEA model to estimate efficiescores—we used different frontiers for
hospitals and medical centers in order to compareng these studied observations. Table 5

indicates the estimates of efficiency scores fer fill sample of 17 hospitals and 27 medical
centers in 2002.

Table 5: Estimated Efficiency Scoresfor Individual Hospitals and Medical Centers

Hospital | crste | vrste | scale rs Med.Center | crste | vrste | scale rs
1 1.000| 1.000] 1.00(¢ - 1 0.340 0.749 0.4p3 ins
2 1.000| 1.000| 1.00(¢ - 2 0.240 0.750 0.3p0 ins
3 0.284 | 0.343] 0.824 irs 3 0.394 0.398 0.988 ins
4 0.631 | 0.657| 0.961 irs 4 0.365 0534 0.684 ins
5 0.276 | 0.305| 0.906 irs 5 0.353 0417 0.845 ins
6 0.312| 0.324| 0.961 irs 6 0.831 1.000 0.831 ins
7 1.000| 1.000| 1.00(¢ - 7 0.381 1.000 0.3B1 ins
8 0.778 | 0.779] 0.998 drs 8 0.605 0.680 0.962 irs
9 0.474| 0.478) 0.991 drs 9 1.000 1.0p0 1.900 -
10 0.766 | 0.876] 0.875 drs 10 0.831 0.866 0.971 drs
11 0.769| 0.770] 0.99§ drs 11 0.131 0.6p0 0.218 irs
12 0.595| 0.622] 0.957 irs 12 0.144 0461 0.311 irs
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13 0.881] 0.882] 0.999 irs 13 0.278 0445 0.624 irs
14 1.000| 1.000{ 1.009 - 14 0.180 0.283 0.634 irs
15 0.196 | 0.236] 0.82§ irs 15 0.454 0569 0.7197 irs
16 1.000| 1.000{ 1.009 - 16 0.176  0.498 0.353 irs
17 0.147| 0.321] 0.457 irs 17 0.177 0.749 0.437 irs

Mean 0474 0.613 0.774 18 0.446| 0.685] 0.651 irs

19 0.554| 0.624 0.888 irs

20 0.132] 0.333 0.398 irs

21 0.223| 0.311 0.71¢ irs

22 0.352| 0.385 0.91% irs

23 0.004| 0.128 0.033 irs

24 0.833] 0.850  0.981 irs

25 0.866| 0.896 0.967 irs

26 0.876] 0.907 0.96% irs

27 0.373]| 0470 0.792 irs

Mean 0.337] 0574 0.587

Source: Authors’ estimates

The average scale efficiencies of hospitals andicaédenters were 0.774 (or 77.4%) and
0.587 (or 58.7%), respectively. This means thatawerage, these hospitals and medical centers
might respectively have needed only 77.4 and 58régmt of the current inputs (labor and net
capital) to get the current outputs (net revenn€)d02. In other words, their average operation
inefficiency was respectively 22.6 percent and 4kfent in that year.

In addition, 8 out of 17 (or 47%) of the studiedspivals and 26 out of 27 (96.3%) of the
studied medical centers showed that they were tpgrander increasing returns to scale (IRS),
meaning that they could have improved their efficie levels if they had increased inputs.
Conversely, 4 out of 17 (23.5%) hospitals, and dhlgut of 27 (3.7%) medical centers were
shown to be operating under decreasing returnedaie $DRS), meaning that these hospitals and
medical centers should reduce inputs to achievierbetficiency. The remaining hospitals and
medical centers were operating under constantnetio scale (CRS), so they did not need to
change inputs because doing so would not yieldergase in efficiency scores.

Although the numbers of observations and operatbaracteristics of hospitals and
medical centers were different, it is still intdieg compare the estimated technical efficiency
scores between them. In both cases where we alle® énd VRS, the average score of the
hospitals was absolutely greater than that of tbeunterparts. These obtained results support
the assertion that, on average, hospitals usuaihg better conditions than do medical centers in
terms of size, technology, and number of profesdistaff.

To see the differences of technical efficiency esdretween hospitals and medical centers
in the sample by ownership, Table 6 classifiesesi@mated results by ownership. It should be
again acknowledged that the difference in the nurobebservations for each type of ownership
makes comparing these estimates difficult.

The private hospitals and medical centers are shtawmave had the highest scale
efficiency in the year 2002 (at 79.4%). This walolwed by those under joint venture with
foreigners (at 65.2%) and the ones under jointkstat 63.9%). The foreign-invested ones had
the lowest scale efficiency (at 48.1%). This esteria consistent with the information from the
dataset that 13 out of 15 private hospitals andicaédenters in the sample made a (net) profit
in 2002, but only 1 out of 5 foreign-invested haalsi and medical centers could do so in that
year (data are not shown in this paper). The nurobénet) profit-making joint stock hospitals
and medical centers was 11 out of 19, and thgbfot ventures was 4 out of 9. Furthermore, out
of 6 fully efficient hospitals and medical centetsyere private and 2 were joint venture.
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Table 6: Efficiency Scores by Ownership

Private Joint Stock

Obs. crste vrste scale rs Obs. crste vrste scale rs
1 1.000 1.000 1.000 - 1 1.00( 1.000 1.000 -
2 1.000 1.000 1.000 - 2 0.779 0.779 0.998 drs
3 0.284 0.343 0.828 irs 3 0.474 0.478 0.991 drs
4 0.631 0.657 0.961 irs 4 0.766 0.876 0.875 drs
5 0.276 0.305 0.906 irs 5 0.769 0.770 0.998 drs
6 0.312 0.324 0.961 irs 6 0.59% 0.62p 0.9%7 irs
7 0.340 0.749 0.453 irs 7 0.881 0.88p 0.999 irs
8 0.240 0.750 0.320 irs 8 1.00( 1.000 1.000 -
9 0.394 0.398 0.988 irs 9 0.831 0.856 0.971 drs
10 0.365 0.534 0.684 irs 10 0.131 0.600 0.218 irs
11 0.353 0.417 0.845 irs 11 0.144 0.461 0.311 irs
12 0.831 1.000 0.831 irs 12 0.278 0.445 0.624 irs
13 0.381 1.000 0.381 irs 13 0.180 0.283 0.634 irs
14 0.605 0.630 0.962 irs 14 0.454 0.569 0.797 irs

mean 0.477 0.601 0.794 15 0.176 0.498 0.353 irs

16 0.177 0.749 0.237 irs
17 0.446 0.685 0.651] irs
mean 0.337 0.528 0.639
Joint Venture Foreign-Invested

Obs. crste vrste scale rs Obs. crste vrste scale rs
1 1.000 1.000 1.000 - 1 1.00( 1.000 1.000 -
2 0.196 0.236 0.828 irs 2 0.147 0.3211 0.4%7 irs
3 0.554 0.624 0.888 irs 3 0.866 0.896 0.967 irs
4 0.132 0.333 0.398 irs 4 0.876 0.907 0.965 irs
5 0.223 0.311 0.716 irs 5 0.373 0.470 0.792 irs
6 0.352 0.385 0.915 irs mean 0.245 0.510 0.481
7 0.004 0.128 0.033 irs
8 0.833 0.850 0.981 irs

mean 0.437 0.671 0.652

Note: crste: overall technical efficiency; vrstairp technical efficiency; scale: scale efficiencgrste/vrste;
rs: scale type; irs: increasing returns to scalesddecreasing returns to scale; -: constant retita scale

Source: Authors’ estimates

In addition, the information from Table 6 providesggestions for these studied hospitals
and medical centers. It is shown that 12 out ofdr485.7%) private, 7 out of 8 (87.5%) joint-
venture, 4 out of 5 (or 80%) foreign-invested, d@dout of 17 (or 58.8%) joint stock hospitals
and medical centers were operating under IRS tdagnoThis means that if they had been able
to increase inputs, they would also have been @biacrease output. Only some joint-stock
hospitals and medical centers were operating ubiR® technology, meaning that they should
reduce inputs to achieve better efficiency.

5.2. Factorial Effects M odel

In order to see which factors could be determinanthe efficiency performances of the
studied hospitals and medical centers, we use theehindicated in equation (5) with Tobit
regression. In this section, we will test the fastdhat might influence overall technical
efficiency €rste and scale efficiencys€ale.
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Table 7 shows the estimated results from the fe&dteffect model forcrste andscale in
which we use pooled data of all 44 observations.

Table 7: Factors that I nfluenced Overall and Scale Efficiency: Pooled Data

Log likelihood = -3.3826697 Number of Obs. = 44
LR chi2(5) = 17.8b

crste Coef. Std. Err. P>t [90% Conf. Interval]

krl .0000691 | .0000366 | 0.066 7.45e-06 .0001308

r .0000245 | 8.76e06 0.008 9.78e-06 .0000393

r2 -2.41e-10 | 1.23e410 0.056 -4.47e-10 -3.44e-11

loc -.008419 | .0844717| 0.921 -.1506568 .1338187

_cons .3937821 | .0585587 | 0.000 .2951779 4923862

Log likelihood = -1.0950579 Number of Obs. = 44
LR chi2(5) = 12.5p

scale Coef. Std. Err. P>t [90% Conf. Interval]

krl .0000467 | .0000344 | 0.182 -.0000112 .0001046

r .0000259 | 8.23e06 0.003 .000012 .0000398

r2 -2.96e-10 | 1.15e10 0.014 -4.90e-10 -1.02e-10

loc -.1019055 | .0793334| 0.206 -.235491 .0316801

_cons .7130968 | .0549285| 0.000 .6206053 .8055883

Source: Authors’ estimates

At the significance level of 10 percent, Table dioates that the coefficient of the variable
krl is statistically significant and different fromf@r crste while it is not statistically significant
for scale This means that the net capital-labor ratio hadimpact on the overall technical
efficiency and did not have any influence on thaleefficiency of the studied hospitals and
medical centers. In other words, these hospitats medical centers might be operating in
heavily labor-intensive ways, and thus investmeantshuman capital would be better than
physical expansion for improving their efficiencgrformance.

Moreover, in both estimates, the coefficientsr aindr?® are also statistically significant,
and the coefficient of is positive, while that of? is negative. This means that there existed an
efficient hospital or medical center that had tamést size. Similarly, the coefficient lofc is
not statistically significant in either estimate, lecations of the hospitals and medical centers in
Hanoi or HCMC did not have impacts on either techhefficiency or scale efficiency. This
result might not be surprising because more thaperfent of the hospitals and medical centers
in the sample were located in these central cities.

To make a comparison between hospitals and meckedérs in terms of factorial effects,
we used Tobit regression for separate samples spitads and medical centers. The estimated
results forcrsteandscaleof these studied organizations are presentedbife$a and 9.

Table 8: Factorsthat Influenced Overall Technical Efficiency (crste): Separate Data

HOSPITALS

Log likelihood = -1.6081492 Number of Obs. = 17
LR chi2(5) = 8.49

crste Coef. Std. Err. P>t [90% Conf. Interval]

krl .000085 | .0000423| 0.066 9.99e-06 .0001599

r .0000211 | .0000117 | 0.094 4.00e-07 .0000417

r2 -1.71e-10 | 1.46e10 0.262 -4.29e-10 8.72e-11

loc -.2122942 | .181564 0.263 -.5338319 .1092436

_cons 4962352 | .0939641 | 0.000 .3298312 .6626393
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MEDICAL CENTERS

Log likelihood = 6.4724453 uiber of Obs. = 27
LR chi2(5) = 23.3%

crste Coef. Std. Err. P>t [90% Conf. Interval]

krl -.0005712 | .000195 0.008 -.0009054 -.000237

r .0002204 | .0000496| 0.000 .0001355 .0003054

r2 -1.49e-08 | 5.54e09 0.013 -2.44e-08 -5.42e-09

loc .0285721 | .0739518| 0.703 -.0981719 .155316

_cons .2334635 | .0599884 | 0.001 .1306511 .3362758

Source: Authors’ estimates
Table 9:Factorsthat I nfluenced Scale Efficiency (scale): Separate Data
HOSPITALS
Log likelihood = 9.8403507 Number of Obs. = 17

LR chi2(5) =5.5

™

OT

scale Coef. Std. Err. P>t [90% Conf. Interval]
krl .000029 | .0000198| 0.168 -6.17e-06 .0000641
r .0000113 | 5.43e06 0.058 1.68e-06 .0000209
r2 -1.13e-10 6.82d:1 0.121 -2.34e-10 7.62e-12
loc -.1676024 | .0837328| 0.067 -.3158876 | -.0193172
_cons 9041137 | .044255 0.000 .8257409 .9824864
MEDICAL CENTERS
Log likelihood = 5.8321939 uidber of Obs. = 27
LR chi2(5) = 25.0
scale Coef. Std. Err. P>t [90% Conf. Interval]
krl -.0004007 | .0001971| 0.054 -.0007385 -.000063
r .0002791 .00005 0.000 .0001934 .0003649
r2 -2.30e-08 | 5.59e09 0.000 -3.26e-08 -1.34e-08
loc -.0605643 | .0746338| 0.425 -.188477 .0673485
_cons 4698444 | .0603439 | 0.000 .3664227 .5732661

At the significance level of 10 percent, Table &wh that the coefficient okrl is
statistically significant. The positive coefficieot krl for hospitals indicates that investments in
more advanced technology would help them to impteeénical efficiency, while the negative
coefficient ofkrl for medical centers implies that they should invesmore human capital. In
both estimates, had a positive influence on technical efficienicyaddition, the coefficient af’
for the medical centers means that there existeeffemient medical center that had the largest
size. Similarly, the variableoc did not have any impact on technical efficienayd @his result
could be elucidated with the reason mentionedeémptboled estimates.

Table 9 shows that the coefficient kfl for the hospitals is positive and statistically
insignificant at the significance level of 10 parteThis implies that physical expansion of these
hospitals, particularly in the size of staff, wouttht enhance their efficiency performance.
Similarly, the negative and statistically signifitacoefficient ofkrl for the medical centers
indicates that these centers were over-employiafd &tr their operations. It is also shown that
had a positive impact on the scale efficiency dgials and medical centers, so diversification
of revenue sources would be an optional way facieficy improvement. The estimated result in
Table 9 forr® in medical centers shows that there existed doierfit center that had the largest
size. Table 9 shows a different implication of ld@a: locations in Hanoi or HCMC seem not to

Source: Authors’ estimates
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have had any impact on scale efficiency of mediealters, while such locations had a negative
impact on the scale efficiency of hospitals.

6. Concluding Remarks and Recommendations

This paper made use of a data envelopment analp&#\) approach to measure the
technical efficiency of the hospitals and medicahters in Vietnam in 2002. The estimated
results in the paper could be summarized as follows

First, the average scale efficiency score for thepitals and medical centers was 77.4
percent and 58.7 percent, respectively. This indat&xcessive use of inputs to obtain the same
level of output in 2002. These hospitals and mddiemters could have achieved the same
output in 2002 with respectively 22.6 percent arid34percent less input. Due to different
numbers of observations in terms of business (kaispr medical center) and ownership
structure (private, joint-venture, joint-stock, foreign-invested), we could not produce strong
implications from the different efficiency estimateHowever, in general, hospitals were
absolutely more efficient than medical centerssThight be explained by the fact that hospitals
usually have more technological and professionaltsi than their counterparts.

Second, although the estimated results from poalath and separate data provided
different roles of net capital-labor rati&rl), it was mainly shown that these studied hospitals
and medical centers were operating in heavily labnsive ways. Thus, improving human
resources would help them to upgrade their effygmerformances.

Third, geographical locations in Hanoi and HCMC gmtly had no influence on the
technical and scale efficiency of these organiration the year 2002. This result could be
explained by the fact from the data sample thatemban 70 percent of them were located in
these central cities.

Although the results could provide some implicasidar the sector, this study could not
avoid some limitations. Because all the observationthe sample were from the non-public
sector, we could not make any comparative studi wie hospitals or medical centers in the
public sector. Further studies should addresslimigation. Moreover, the lack of time-series
data also made for uncertainties in analysis ofatpns. Some other limitations of this paper
derive from the approach itself. First, DEA does tade into account statistical errors, so errors
in measuring efficiency scores are possible sountésased indications. Second, the estimated
results from DEA are highly sensitive to the sang#e, in which it is easy to make conclusion
that some observations are fully efficient when saenple size is small. Thus, the estimated
results and analysis in this paper need to be derei thoroughly using more appropriate and
comprehensive approaches.
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