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## 5385651229 : MAJOR HEALTH ECONOMICS AND HEALTH CARE MANAGEMENT
KEYWORDS : TECHNICAL /SCALE/ EFFICIENCY/ HOSPITAL/ SRI LANKA /DEA/TOBIT

RANJAN VIPULA SHANTHA NAGASENA ARACHCHILAGE: TECHNICAL AND
SCALE EFFICIENCY OF GOVERNMENT DISTRICT BASE HOSPITALS IN SRI
LANKA. ADVISOR: ASSOC. PROF. PAITOON KRAIPORNSAK, Ph.D. 80 pp.

The objective of this study was to study of gechmical and scale efficiency and to
observe the factors affecting on efficiency in govemment district base hospitals in Sri
Lanka. Data envelopmentianalysis or DEA" with Tobit regression analysis were used
to find solutions.

168 decision making unitssor DMUS were evaluated coneerning 56 hospitals
for three years (2006. 2007, and /2008). Initial relative etficiency results show that
technical efficiency 1evel has ranged between 0:383 and 1.0, average score level was
0.818 while the scale efficicacy devel has ran;gpd between 0.412 and 1.0, its’ average
score was 0.905. Moregver &7 1%, ofl DMUs, has been operating at technical
inefficiently while 83% werc/scale inefficiently. Among seale inefficient DMUs, 32%
DMUs show increasing returns to scale and 68% of DMU’s show decreasing returns to
scale. After implementation of health master plé;pe 2007-2016. there is an increasing

trend on technical and scale efficieney. —
el A4

Secondly, Tobit regression analysis founc&%h:zifl bed occupancy ratio positively
related with technical efficiency {299, p = .01.7'.]~_a'13§,bed physician ratio negatively
associate with technicalefficiency [.0008, p = .044] and also hespitals belong to MoH
are technically efficient-rather-than-provineiat-hespitals==When-inctease the ratio of
nurses’ physician and- allied health personnel physicians, technical*efficiency will be
increased. However, these factors are statistically insignificant. Large hospital (Type
A) technically and Sscale efficient than smaller hospitals (Type B). Number of
admissions tended to inérease, scale efficiency [<1.34E-06, p = .00].

Majority of/institutions are operating atedecreasing returns to scale. So, the
reducing bed size from those institutions is recommended. It will be directed them
towards efficiency because of the bed ‘occupancy ratio fighly positively asséciated as
well as the bed physician ratio related with if.
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CHAPTER|

INTRODUCTION

1.1 Problem and its significance

Increasing healthcare delivery cost has become @ big issue which has been mainly
discussed in every common agenda in the inteimational health sector by the health
policy makers, providersand the economist all over theworld. It has been created the
number of barriersto the health system because of the government healthcare services
of Sri Lanka is totally free for Sri Lanka at the point of delivery. Introducing new
health technology to.the healthéare system and strengthening of the infrastructures are
significantly poor. So this condition might beindirectly or directly affect to reduce the
quality of care andimakethe.disparity-ameng social groups.

Ministry of headthin Sri Lanka has’li_dentified recently several major problems
(the 3 E’s Challengers) which:has' been emerged from previous two decades, should

haveto be solved. These are: 5

e Changing Epidemiological paitern. :

Since last fifteen “year, there has'been created. demographic and
epidemiological transition as a consequence of social development in Sri Lanka. For
instance, it is very important to emphasize that increasing of the elderly population
with respect to the workforce, drastically changing disease pattern from
communicable diseases to non-communicable diseases (NCD) while remaining the
communicable diseasesproblemsiin declining trend in many parts.of-the country are
main problems; meanwhile, evolving problems 'such as' accidents, suicides and

homicides has been increased.
¢ IncreasingiExpectation on health care.

Because of demographic and epidemiologica change as well as public
interventions such as improving preventive care services, mainly immunization,
improving sanitation, providing safe water, good practice of solid waste management
as well as improving of nutrition and health promotion have made the extra demand



for hedthcare consumption. In addition to that people’s expectation on quality

healthcare has been increasing over the time.
e Demand on Efficiency.

Above mentioned all the challenoers.@s well as global cost escalating
phenomenon of the healtheare have created a-greater financial burden on the health
system emphasizing arequirement of an alternaiive financing mechanism additionally
government budgetwallocation, .and adso MoH has identified that necessity of
improving productivity and eificiency of the delivery care services which are

operating under moreaariationof efficiency and productivity levels among facilities.

Therefore, there has achallenge té tilize the efficient allocation of the scare

resources, while at'the sametime offering E:ett__er quality healthcare services.

To overcome these problems and—'_the existing matters and also make an
adequate preparedness for threats we may have to face in the future, MoH has
initiated ten year health master plan 2007-2016 with the assistant of Japan
International Corporation Agency(Ministry ():I;I-iéélth [MoH],2007b). Main objective
of thisisto address health need of. the people:by’st_rgjgtheni ng the health system more
effectively, efficiently and a sustainable way. e

National .health policy (Minstry of Health Highways-and Social Services
[MoHHS],1996) of Sri Lanka also has mentioned that efficiency, cost effectiveness
and fair resources alocation should be concerned in the formulation of new policies

and interventions.

Historically,"health outcome figures of ‘the country have a higher level in
comparing with same income countries and some developing countries andsalso have
achigred MDs satisfactorily. However, there'is a'significant variation-of the health
outcome among district or geographical regions so far (MoH,200738). When we are
emphasizing on health facility utilization, especially hospitals, there is a big
imbalance in terms of resources utilization on efficiently even though overal heath
system efficiency retains at a satisfactory level compare with south Asian countries

(Somanathan et al., 2006). For instance, tertiary care and some secondary care



hospitals are always crowded even basic illness while low utilization in the secondary

and primary care hospitals (Ravi Rannan-Eliya, 2006).

Another situation is that span of the hospital utilization rates is more varying

in between secondary, tertiary and prir hospitals because of most of the time

patient is bypassing the lower level se ccupancy rates at low rate in
i to acilitiesin the big hospitals.

his eno@highnghted in the health

peripheral hospitals)
(Attanayake and de S

master plane as a prob

The trend of I ion sin es has shown by figure
1.1. The year 1993 'is criti bec be a milestone in the
history of inpatient.serviges. y '_ he i e of annual admissions
from primary care t iary, -:::-rn' e number of admissions in
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1.2 District base hospital (Study focal point)

This study focuses to anayze efficiency of the district base hospitals (DBH) in Sri
Lanka. At the time of studying, there are 65 hospitals in the country. Recently,
hospital name changed as District base hospital according to the hospital re-
categorization, and before it was named ‘as Base hospital. District base hospitals
consist of two types of sub hospitals called type’A and type B. Type A hospital tend to
be large hospital relatively type B hospitals, and hospital type was determined based
on population and geegraphi cally reasons.

Accordingto themwhaole hospital structure, there are two levels of hospitals are
over DBH (Districtgenera and Teaching hospitals) and four levels of hospitals have
lower (Divisional hogpitals A, /B and € and i5rimary medical care units).

i

As higher level of hogpital; district generél. and Teaching hospitals established based
on province (9 provinces) and DBH based_on district (25 District). As a low level
tertiary care facility (presently 65) and as a middle level gateway, district base

[

hospital hasamajor role in the systemto;
e Control the congestion of the upper level 7faciliti €s.
o Reduce the cost of heatthcare delivery by high utilization.
¢ Reduce eConomic cost of the patients such as time €osl, lost income, traveling
cost and-@ther cost).

e Attain the overall system efficiency by optimal resource allocation.

Main facilitiés in.these hospitals can be summarized as follows. Therefore,
whole the hospitals still failed to-fulfill these all the facilities'as same level so far.
This is the potentia facility capability among DBH can be improved in the future to
maintain afacility based service (MoH,2007).

1.7 Out Patient Department withiseparate Preliminary Care Unit, Emergency Care
Unit and screening facilities
2. Clinicfacilities
3. Inward facilities
e 2 Medica unit
e 2 Surgica unit
e 2 Gynecology & Obstetric unit



e 2 Pediatric unit
e 1ENT surgica unit
e 1Eyesurgica unit
e Anesthesia Unit
4. Intensive Care Units
e Medica Intensive Care Unit (MICU)
e Surgica Intensive Care Unit (SICU)
Operation Theatres
6. Diagnostic services
e Radiology Dept.
e Pathology Dept: with Histopathology, Hematology and Microbiology Units
M edi co-legal-Departiment
Medical RecordsiUnit )
9. Psychiatry, Rheumatology, STD/AIDS or any other relevant unit will be added
according to theneed. &

o

o N

Promoting technical, scale and aII'olcaIfrve efficiency of the hospital is one of
the best solutions fer Sritl ankan health system by allocating resources in the proper
manner among health institutions in each level. So, micro level hospital efficiency
analysis can fulfill this gap undesstanding efffciency level of each type of hospital and
factors related with efficiencyas well. The results comes from this study may useful
to encourage the hospitals which are ineffici;!ni; observing peers who are efficient. It
might be able i@ reduce pbd? 7uti|ization of'-ré_d'u_r(:,&e by. realiocating extra (Slack)
resources.

Subsequently, this study focuses to evaluate the level of efficiencies before
and after implementation of the health master plan, whether there is any impact to
enhance the technical /and scale efficiency raising important strategies which was
formulated in the health mastér plan for short run.



1.3 Relationship with hospital efficiency and health system efficiency
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ﬂfficiency. According to the world health report 2000, objectives and functions of a
health system has shown by lower part of the figure 1.2. In this case, outcomes of a
health system should be consist with three categories namely (1) maximum health



status (I1) responsiveness to the patients and (I11) fair financing. These three are the

ultimate objective of a health system.

To redlize those objectives, there are four main functions were distinguished
such as (me) stewardship, (11) ereating resources, (I11) finance and (1V) delivery
services. When concerning about health system efficiency, health system function and
objectives can be deseribed as the input and-the output respectively. To maintain
health system efficiency, It is needed t0 guaraniee the efficiency of each function in
the health system.

Hospital care servige has shown by upper part of the figure 1.2. Optimal
resource allocation in different facility level in terms of hospital provisions in the
country lead to maintain efficient deliver;i care provisions which has identified as an
input in the health system of the country by World Health Organization [WHQ]
(2000). Therefore, hospital service provisibn efficiency is very important and crucial
factor which should be redlized by the health sector for efficiency of health system.
So, Potential financial and non-financial réeéurses should be alocated among main
health care services efficiently "and rightly. jheh need to allocate those resources
among various types of interventions such ajsrd’iﬁ(‘arrent level of hospitals in curative
care, different types of project in preventive aridrFehabiIitative care. Findly, if we try
to maximize the-efficiency of whole hospital services, it is directly influence to
increase the health system efficiency of a country because delivery care system
consist with mainly hospital services and other interventions. This relationship show
by the dotted line between efficient hospital, care services with delivery services
functionin agovefigure.

1.4 Research questions.

Thisstudy. aims to.solve two.research guestions,

1.” What'isthetechnical efficiency & scale efficiency of government district base
hospitalsin Sri Lanka?

2. Which factor may determine the efficiency of district base hospitals?



1.5 Resear ch objectives.
1.5.1 General objective - To study technical efficiency (TE) and scale efficiency
(SE) of the government district base hospitalsin Sri Lanka.

1.5.2 Specific objectives —

¢ To evauate the technical efficiency (TE) oi.government district base hospitals
in Sri Lanka.

e To evauatethe scale efficiency (SE) of government district base hospitals in
Sri Lanka.

e To determineithe factors affecting to change efficiency in government district
base hospitals. V.

e To evauate policy impact iewards efficiency before and after initiates of
health master plan 2007-2016 in 2007.

1.6 Scope of the study. A
This study undertakes to analyze the efficiency of government district base
hospitals in Sri Lanka in 2006 ~.2008. Secondary panel data of these hospitals are

used for 3 years.

1.7 Benefits of thisstudy

1. Basically-hospital managers can identify their relative efficiency level in the
whole district base hospital in Sri Lanka. It may be geod information to them.

2. This study-shows hospital managers which are inefficient that what may be the
causes of ineffieiency to deeply cancern and what way can improve the
efficiency by following peers or efficient haspitals.

3. This findings help policy makers to evaluate the policy (Health Master Plan)
whether there is any impactfor improving efficiency.

4." Mareovery, for; future planning and policy implication, the palicy. makers can
be used these findings as guideline.



CHAPTERII
BACKGROUND OF SRI LANKA AND ITSHEALTH SYSTEM

2.1 Geographical and economic status
Sri Lanka, 66,000-square-kilometer Island i the lndian Ocean is tropical country in
the South Asia Region. Only 15 percent 0i*Srielianka’s 20 million people live in

cities.

As a DemocratieSogialist Republic country, the legislative powers of the
country is belonging te paliament and the executive authority is exercised by a
Cabinet of Minisiers presided over by an Executive. In addition to the President and
Parliament, there areProvincial Councilstb.édmi nister provinces, Municipal Councils
and “Pradeshiya Saba” for local adm?histration under the 13th constitutional
amendment. Sri Lagka islow income couﬁtry with per capita income approximately
Rs. 109,248.00 (US$ 993, the exchange rate 1 US$ = 110 Rupees) 2009/10. It has
increased by 41% compare with,-2006/07. Sri Lanka was historically based on
agricultural, but since hundred-years ago Sri Lank_a has been a famous destination for
trading. Because of that, many European couﬁfries had influenced, mainly British. As
a result of these influences, export economy \'}\;é'si‘e’merged by.exporting tea, rubber
and coconut “which_introduced by Furopean. And Cash«ciop exports brought
prosperity and atrade surplus, and their taxation gave the government a ready revenue

source.

Under the new .gavernment which was'introduced economic liberalization in
1977, Sfi Lanka was one of the first developing country to embark on economic
liberalization, pursued ever since. As a result of that trade was liberalized, export
taxes on cash crops removed, and the economy totally*epened up. In returny'Sri Lanka

benefited from substantial Western aid'inflows forimore than a decade.

These policies created the substantial improvement in economic growth (Table
2.1), averaging 3 to 4 percent real per capitaincome growth ever since and country

moved the position from least income level to lower middle income level.



10

Table 2.1 Economic indicator in Sri Lanka 1930 - 2005

Y ear GDPper GDPper Revenue Expenditure Externa  ODA

capita capita (% GDP) (% GDP) debt (%

(1990 (1990 (%GDP)  GDP)

US$) PPP$)
1930 180 945 Ly ~10 ~0 ~0
1950 273 935 16 20 3 0
1970 316 1130 20 27 18 1.7
1990 577 1935 22 S 72 5.7
1995 704 2636 20 31 67 4.5
2000 844 3626 ¢ 27, 55 0.4
2005 062 4390 16 24 48 34

Sources: Good Practicein Health Financing. Washington, the World Bank (p. 313).
Note. ODA - Official Development Assistant

2.2 Health statusof thé nafionsin Sti Lanka

As main provider; Sri Lankan gove!rnment health sector which control mainly
under the ministry of health' (central gdvernment) and the provincia councils
(provincial government) provides-all the healthcare needs free for people (i.e.
preventive, curative and rehabilitative) irﬁespe_'_ctive of their status, income or
geographic location. Health system of Sri Lanken has achieved satisfactory health
outcomes, particularly relative to neighboring countrieswith a.similar income group.
Another important thing is equity and equality of the health eare system in terms of
financing has maintained at satisfactory level. It shows by theresent study done by
Owen, Somanathan, and Adhikarr (2008), by concentration index 0.47,
Kakwani0.085. In fact, there are several factors which have directly and indirectly
influenced teithat can highlight, Threemmain:social development programmes, namely
free healthcare services, free primary, secondary: and tertiary education and food
subsidies for selected income parties implemented by consecutive government which
came to power iniSriLanka«durihg the last 60, yearsiare important: ThesSe social
welfare progiramme resulted substantia” improvement in literagy rate up t0-90.7 in
2001, infant mortality rate up to 11.2 per 1,000 live birth in 2003 and maternity
mortality rate declined up to 27.5 per 100,000 in 2002 as well as life expectancy at
birth has increased up to 72 and 76 for Male and Female respectively. Another
important thing is that health system almost approached MDGs established by the
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world health organization. These positive improvements are gradually changing social
structure, people expectation and aspiration of the society such as aging population,
life style related diseases (NCD). Most important health figures have shown by Table
2.2.

Table 2.2 Hedth indicator of Sri Lanka 1930-2007

Year Infant Maternity Life Life Total Population
mortality _mertality . expectancy expeciancy fertility growth
rate rate at birth at birth rate rate (%)
(1,000)# (1,000) (Female) (Male)

1930 175 21 39 41 - 14

1950 82 6 55 56 5.3 2.8

1970 47 2 67 o\ o4 4.2 2.2

1990 195 1 S 67 2.2 1.0

1995 165 £1 3-8 48 1.9 1.1

2000 133 <1 76 Y 1.9 14

2003 11.2 <1 76 4 1.8 1.3

2007 11.17 <1 76 o 7 1Y 1.8 1.1

Sources: Good Practige in Health Financing. Wéshi ngton, The World Bank (p. 315).
Annual hedlth hulleting, 2007

2.3 Expenditure on health 43

As a consequence of free governme,nt',heal_th services as well as increasing
health care cost'phenomenon, the total health e;<p(,anditure as a percentage of GDP has
been gradually wcreased from 3.6 in 1998 to 4.2 in 2007 (¥able 2.3, Figure 2.1).
Therefore, these figures are at satisfactory level compare with other regional country
(The World Bank' [WB],2008). As a percent of tota “health expenditure, the
government generaghealth expenditure was s(GGHE) 47.5 in 2007, and private

expenditure on health (PviHE) was 52.5 percent'as a percentageof THE.

Maost important thing is that private health expenditure as a percentage of THE
became ,a.dominant seurce-of finance, on health-even though-gevernment it,provide
free, and proportionately more than 80 percent private health expenditure comes from
out of pocket (OOP) payments. Then, as a monetary term, the health expenditure for
2007 was Rs 150,295 million, (approximately US$ 1366 Million, 1$ = Rs.110). And
it is an increase of 18 per cent over the year 2006. This increase is quite higher

compared with the increase in 2005 over 2004 (12 percent in 2005). The per capita
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health expenditure was increased from Rs.4, 134 (US$ 37.59) in 2003 to Rs 7,515
(US$ 68.34) in 2007.

Table 2.3 Health care expenditure of Sri Lankain 1998 - 2007

Spending/Source 2003 2005 2007

Total expenditure on 38 40 42
bank) as % GDP

Financing Sour ces
17 12 17

Government expenc 486 479 413 46.2 475
(GGHE) as% THE
Private expenditure o

External resources on he

58.7 538 525

of THE
- Out of pocke 842 86.0 86.7
% of P 3 T
- Private insurance e 22 87 96 91

Source: National heal

100
90
7 86.4
80 /
70 7 / 5.9
60 - = / 585
50 -
i 159
40 - 502 =T 1.6
] 2 57
30 = : : .
20 ; qﬁ—
10 - ' L
) T ‘I
: 2004

Fi gure 2.1 Trend of expenditure on health, 1990-2004

Source: National Health Accounts, 2002-2003 in Sri Lanka

Higher amount of public health services expenditure have been funded by using
government direct and indirect tax financing. This fact has proof that the continuously
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increasing health care cost has made a challenge to developing countries such as Sri
Lanka (Hsuan-Lien, Shuen-Zen Liu, and James, 2002). Furthermore, the incidence of
increasing per capita health expenditure as well as higher proportion of the out of
pocket payment concerns the importance of an alternative financing mechanism.

2.4 Healthcare provisions of Sri Lanka

Sri Lankan healih care services consist oi-severa medical systems. The
allopathic which cover more. than 85% and, subsequently Ayuvedic, Unani Siddha
and Homeopathy methodsaredegalized source of medical systems. Sri Lanka is a
distinguished country assa system of “good health at low cost” In providing health
care among devel gping and some developed countries (Hsiao, 2001).

Free public health sewices range fiom antiretroviral for HIV/AIDS patients to
coronary bypass surgery. Accessing all services isreinforced by a policy of permitting
patients to visit any hospital in*the cbuntry without restriction, and with no
enforcement of a referral system.” These ki nds of services are provided through 615
different levels of inpatient care facilities;,—";Ml only outpatient facilities and 291
preventive care services centers or MOH (h&(a;d’iéél officer of health division’s) and
several campaigns (Maaria, HIV/IAIDS, Tqbérpulpsis, Filarial, etc...) in Sri Lanka.
Broad hospital Glassification has shown by Table 2.4.

As menitioned before, Sri Lankans benefit from extensiveand organized health
services, consisting of public and private sectors. Most of the private sectors perform
mainly in urban area which covers 17% of population living in. Private sector mainly
provides. 55% of outpatient care services and 5%. of inpatient. care services out of
whole hedth| care need.Public hospitals mainly provide 95% of inpatient care and
45% of outpatient care from difference levels of hospitals(MoH,1992). In addition to
that Jmaost, of.~the .government..physicians«and .specidlists-provide-ambulatory care
services under guidance of MoH through private clinies and channeling eenters except

from their duty ours.

Before in 2007, three levels of services ware catered their services by ten types

of hospital levels. This categorization has shown by the Table 2.4.



14

Table 2.4 Types of hospitalsin Sri Lanka beforein 2007

Types of Hospital No. Types of service
I nstitution

1 National Hospital Q1 Tertiary care level
2 Teaching Hospitals 16
3 Special Hospitals 46
4 Genera Hospitals 12 Secondary care level
5 Base Hospitel 44
6 District Hospiial 161 Primary care level
7 Peripherd Unii 95
8 Rural Hospital 182
9 Central Dispensany and

Maternity Home 59 r

10 Central Dispensary 441

Sources. Annual health bulleting, 2007

After 2007, these ten types of hospit_elxl__-s- h?_s re-categorized into eleven groups
according to hospital re-categorization paper,mﬁhasi zing to build up afacility based
hospital mechanism to ensure-the equity of the health care delivery system for people.
New health institution re-categorization has mentioned in table 2:5.

Ministry of health has planned to upgrade these hospitals over the next five
years accordingly.following criteria. Main objective of hospital re-categorization isto
buildup facility based health care delivery.institution to reduce the bypassing of
facilities.due to the huge facility variation among difference types of-institutions. This
project ‘has implemented according to the*findings of heath ‘care facility survey
conducted in Sri Lanka in the year 1992. The healthcare facility survey, (1992) has
found that utiization of lower level heath facilities is quite low and unii cost of care
Is very high due to the low occupancy and turnover rate, and stiggested to increase the
utilization of this kind of hospitals need to be expand their facilities such as human

resource, technology and infrastructures.



Criteriafor re-categorization of hospitals.

. Number of hospital beds
. OPD attendance

. Number of admissions
. Number of deliveri

. Avallability of sup

. Distancetothe

. Access to hespitalsing / f ility of Public Transport facilities

10. Availability of ansion= " |

11. Catchments

12. Availability @
Table 2.5 Types of hospitalsin ' anka e ter. re-cates atlonin2007
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New Name -~ Nao. nes of services

National Hospital _ ___: 7 ~ Tertiary carelevel
Teaching ~~c.‘ 2L
Provincialgeneral hospitals 03
District genefal hospitals

Specia Hospitals
District base hospital type A 20

© O N o o b~ WON P

Dlvqonal - ospitals type B
10 DIVISI onal hOSpI tals type C ¢ o - Q/

Source: Annual health statistics - Ministry of health Sri Lanka
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2.5 National health policy

As mentioned before Sri Lanka has achieved a remarkable health status in
terms of traditional health indices and MDGs in relation to Gross Domestic Product
(GDP). As | mentioned before, this has been mainly due to the social policies adopted
by successive governments in the past few deeades. [n.this case, nationa health policy
published in 1996 is a main policy document whiehrwas directed at consolidating the

earlier gains as well as adopting new policies to raise the health status of the people.

Mainly nationa health/palicy provides a broad path way to further upcoming
policies by its broag'sense. According to the national health policy (1996), there are

main two broad aims as follows:

e “To further inerease life expectancy By reducing preventable deaths due to

both communicable and non—commUr!icabIe diseases.”

e “To improve the quality.of life by reducing preventable disease, health
problems and disability; and also er_on\a§IZ| ng the positive aspects of health
through health promotion.* —=

2.6 Health master plan 2007-2016

As a resehit-poliey-document;-health-master-pran-(HiviP) implemented in 2007
for next 10 years (2007-2016) concerned to strengthen quality. of care, accessibility of
services and sustainability health system for the people of Sri Lanka. This
involvement mainly committed to innovatively overcome of new challenges which
experienced in last two'decades (as mentiored before) faced by the hedlth sector in Sri
Lanka and build up-a preparednessfor futurechall engers somehow.

There are five strategies have formed in it, namely;

1.” Ensure 'the delivery of comprehensive health services, which ‘reduce the
disease, burden and promote health.

2. Empower communities (including households) towards more active
participation in maintaining their health.

3. Improve the management of human resources for health.
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4. Improve health financing, resource allocation and utilization and efficiency of
the health system.

5. Strengthen stewardship and management functions of the health system.
According to this study, egy highly relates with the study and

resource alocation and effi
outlined below,

1. To increase
financial sustainabi

2. Toimprove alleca

3. Tomake optimal use of e

4. To strengthen financia . ent

5. Toimprovefinancial equity and related

6. Toidentify andtestaltern inat

7. To optimize private sector contrib y establishing an information

o —

sharing mechanism to -;--;;- POl on service use and quality as well as
I
s

financing e

Y Y}

] g
AUEINENINYINS
QRININIUNRINYIAE



CHAPTER 1|

LITERATURE REVIEW
3.1 Concept of Efficiency

Efficiency is a management concept with-a«long-history, comes from scientific
management to business process reengineering. This concept has been mainly used in
theindustrial sector (preduct based).

Ferrel M.J,(1957), he put a path-breaking step to the efficiency which has
been discussed ingproduetion technologies, by introducing & new concept to use in
none product organizations, none for profit Brganizati ons as well as different types of
welfare organizations (@ measure their eff-_idci ency (relative efficiency) for economics

and other purposes.

o

Main principle behind trhisrconcept Lthhat institutions or units which are been
undertaken to analysis must be homogenéé:l]g '_and their input and outputs will be
aggregated to measure their rél ative effici ency:usjrng leaner programming techniques.
According to Farrel.M.J, (1957) there are mai'rﬂ&jwo components in efficiency. First
one is technical ‘efficiency, which reflects the maximum ahility to produce output
under agiven inpljt mix and another is allocative efficiency, whiéh reflects how to use
their input mix optimally gain maximum output under their rélative prices. These two
efficiencies can be calculated by considering two dimensions. One is input oriented
model, which is focus erreost minimization Byreducing input while output remaining
the same. Second-is output orientedmodel, which facused/on revenue or output

maximization by increasing output while input remaining the same.
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Output Output/output
A Technical and A
Scale Efficiency Technical and
Y X2/Y Allocative Efficiency

t = B} XIIY t
0 A
Fl Input ( | nput/output
(a) (b

(o)

Figure 3.1 (a) and (b). Technical, Scale and Allocative effici ency.

Figure 3.1 (a) depicted that the Inefﬁ}';iéncy point has determined at A where
beneath the OF production frentier produci ngi Yz[J-émount of output using X1 amount
of input because this output fevel can be produ@:eg by using fewer amounts of input at
C or output levelican be increased up to B while input remains same level. So, B and
C are technically efficient production combinations under constant return to scale
assumption (CRS)"which introduced by Chaenes. A, Cooper.W.W, and Rhodes.E.,

(1978) because of these points are on the OF’ maximum production frontier.

In:the real .werldywhen, afirm-produces-good.or; services, at-efficiently, it can
gain productivity using scale economies under the assumption of variable return to
scale (VRS) which developed by Banker.R.D., Charnes.A., and Cooper.W.W.,(1984)
where from Bto C: itrmeans; the firms can produceat the'mast efficientsecenamy of
scale ‘and at ‘the pure technical 'efficiently under the assumption.of varigble returns to
scale.

Figure 3.1 b shows that, firm use two inputs (x;and X,) to produce one output
(Y), under the constant returnst scale assumption. Allocative efficiency is shown at Q’

where in the tangent of AA’ (relative price ratio curve) and isoguant curve. It means
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that this is the most efficient resource allocation that can produce SS’ level of
production under determined input prices. On economic perspective, the marginal rate

of technical substitution is equal to the ratio of input prices at this point (Q’).

There are three types’ potential productivity gain pattern or scale efficiency
types called (1) Increasing returns to scale, IRS, (1) Decreasing returns to scale, DRS
and (1) Constant returnstoscale, CRS.,

When increase or_decrease input, the proportionately change in the output is
higher than change'in thednput, it is called increasing returns to scale. On the other
hand, marginal effget of gutput is higherl than the marginal effect of the input at the
IRS situation. Whenthe eutput change'js"-'less than the input change, it is called
decreasing returnsto scale, and if they areféqua_ll, it Is called constant returnsto scale.

Moreover, .the output and “the inbut oriented measures will provide only
equivalent measures Of techriical efficienbj'/:' when congtant returns to scale exist
(Fare.R and Lovell, 1978). dda

3.2 Methods of efficiency caleutation

Several -methods which were widely used by the researchers, the practitioners
and the students can be identified, and summarized as follows.

3.2.1 Ratie-Measures

The simplestrandywidely Gsing way-of measuring-effieiencyis simple ratios,
such as the number.of ©PD visits.per health worker.and consumption of drugs and
supplies per health worker. Inpatient service efficiency is often expressed as average
length of stay, \bed occupancy rate, and fturnover rate; Pabonil and’) Hipolito (1986)
have pointed-out some ratios for relaiive performance analyzing in'similar fecilities

such as 1.) Length of stay, 2.) occupancy rate and 3.) turnover rate.

These analytical tools can be helped to quick analyze and identification of

those similar facilities which performing strongly and poorly. Moreover, it provides
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some factors that can affect for them. Main advantage is easy to calculate using
routinely data even short periodically. However, the lack of appropriate weight for
aggregating different types of output is a weakness of this method. It is good fit for
single type of hospital rather than multi-product nature of hospitals. Hospital bed
occupancy rate, Average length of stay and Caesarean section rate is the mostly using
efficiency indicatorsin Sri-Lanka (Ministry of hezli)

Methods of Measuring Efficiency

Accounting-based Costs RatioM easures Statistical M ethods
— 1. step-down cost r F 2ish
analysis. i B0 ACS
— 2. Average cost 7 .3 R ; | . '|
Calculating Cost and Production Frontier
Functions Approach
_1.Cobb-Douglas 1.5
Pro. function
2.DEA

* ,L_2 Translogfunction '—

Figure 3.2 Methods of measuring efficiency

Note: Bed Occupancy Ratio = Total Inpatient days/ (Number-of Beds'x 365)
Average Length of Stay = Total Inpatient Days/ Total Admissions
Caesarean Section Rate = Number of Caesarean done/ Taotal live birth x 100
SF = Stochastic Frontier Analysis
DEA = Data Envelopment Analysis

3.2.2 Accounting-based Cost

Two typesof important studies have identified by Barnum.H and Kutzin.J, (1993) that
used.accounting-based costs.in the literature.

First method is Step-down cost analyses. Step ‘down costing is time consuming
study and invariably these studies most appropriate for the small number of facilities
(Attanayake and de Silva, 1992; Somanathan, 1998).

Second method is average cost calculation using aggregated accounting data

together with assumptions about the relative resource intensity of different activities (e.g.
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Outpatient visits and inpatient days). There can be clearly identified trade-off of facilities
and resource allocation between them and data should be available.

Disadvantages of such studies are that they produce estimates of average costs,
not marginal costs. It is a huge limitetion, which the results can be used to make
inferences about conventional measures of ‘econorie efficiency such as economies of

scale and scope.

3.2.3 Statistics Methods

There are twosmain appreaches can be distinguished namely cost and production
function and frontier ggproaghes. First approach is cost and production function, which
is the traditional way to.measure efficiency. This method has used in Feldstein’s (1967)
study of National Heélth Service hospitals,;arlld in studies of U.S. facilities by Goldman
and Grossman (1982). '

Trans log modeliis also amost farﬁqgs___econometric method which has been
used to analyze the efficiency. Some of theﬁ_; are (Rajiv, Robert, and Robert, 1986),
(Douglas, 1988), (Hollingsworth, 2008)

7,

There are several disadvantages of__':This method. First, the approach is
deterministic in.the sense that the entire dé\'/iréii:(Sir’I from. predicted cost or output is
measured as ineficiency. Second, there is an assumption thai-the technology or cost
function is the'same at the frontiers in the middle of the data (€-°A. K Lovell, 1993) .
Finaly, the estimated parameters may be sensitive to the choice of functional form of

econometric.

Second approach is‘frontier: methods. In this case Stochastic Frontiers (SF)
and Data.Envelopment Analysis (DEA) are very advance tools.

In.this.case, Sk, method, attempt to take,into. account, of randem factors of
outside the controlin hospital ‘administration and systematic inefficieney, which can
Increase efficiency (Battese and George, 1992; Forsund, Lovell, and Schmidt, 1980).
In this method, Random and Systematic error are captured in a composed error that

can be broken down into its stochastic and systematic components. The limitation of
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this method is that it relies on un testable assumptions about the distribution of the

error components (Newhouse, 1994; Skinner, 1994).
Data Envelopment Analysis (DEA)

Data Envelopment Analysis is a Linear programming method that has been
quite extensively used in the health and other servige based sectors such as education,
Insurance and welfare services to study technical inefficiency and scale efficiency
(Gary and Vivian,.1996; Korapoh Bhirombhakadi, 2008; C.A.K Lovell, Lawrence,
and Wood, 1994; Ozean andd_uke; 1993).

This produgtion frontier 1s eﬂimeted by setting out the relationship between
inputs and outputs as@ linear programmi.ng"'problem. The solution comes from DEA
(i.e. A distance function) indicates that effhe[_the amount by which output could be
expanded using the Same inputs, or the é?noUnt by which inputs could be reduced
while maintaining the same level of output.i-'l;his_.is the key advantage is to use widely
this method as nonparametric. An also DEAI_has the ability to handle multiple inputs
and multiple outputs to measure efficiency. ==

It is not concern to speufy the error |n the same way as either the stochastic
frontier model or econometric approach. However It IS similar to the cost function
approach and deierministic and attributes the entire residual..to inefficiency. In the
first time Charnes, Cooper and Rhodes (1978) (CCR) have introduced input and
output oriented DEA models assuming the constant return to scale (CRS), and after
Banker, Chanes and" Cooper (1984) develgped this techniques assuming variable
return to, scale (VRS)' regarding changing~economies of scale for, both input and

output oriented.

Another non-parametric, method ,is.total factor .productivity..(TFP), This
methad widely used' with agoregate  time-series data to analyze technical change
and/or TFP. (Sherman, 1984)

3.3 Hogpital efficiency
Hospital efficiency is a topic that is been widely discussed in every health sector

forum because of increasing cost of the health care delivery and biomedical
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technology is a challenge to the developing country. This phenomenon is emphasized
by the world health report (2000), The World health report, (2006), Health Master
Plane 2007-2010, (2007).

However, the measuring hospital efficiency is a quite difficult practice.
Because it is complicated to measure ideal .outpuicomes from input deployed to the
hospital (Hollingsworth;2008; Sherman, 1984): Furthermore, extreme hospital output
should be the good health status or quéi.ity of life of the people but it is not easy to
calculate, because It seems tobe relaied by many factors such as multi dimension,
highly individual; heavily dynamic anq environmental and socio economics. To
overcome this problem, most/of the efficiency studies are using intermediate outputs
such as the number of OR patients, K péti'énts and Research conducted (Chang H,
1998). And it might bereasonable becaus'é this output directly influenced to increase

health status or quality of life of the peopl e"anyway.

However, some study shows that the service mix approach focused on supply
side output analysis is a good approach. A'né also this is a good enough analysis in
which the nature of a hospital's ouipLit is deté@ih-éd by the character and range of its
facilities and services. In contrasi; the case_—r_ﬁi)_g approach is another analysis which
hospital output determined byr concerning deman-d for each hgspital output concerns
case load of eachi-hospital‘s case toad which determined by the needs of and demand
of the population served with facilities (Tatchell, 1983).

When analyzing the efficiency of the government hospitalsin Sri Lanka, It is
wise to pay attention, by the way_ of input oriented, (l.e. input oriented DEA model),
because there_is no relationship between staff payments and level .of served in the
hospitals."On the other hand, there is no supplier inducing demand (SID) can be
significantly identified-in providing services.in public hespitals. If.there.s atrend to
SID, policy makers and responsible authorities had te pay greater attention to control
output over the use of inputs. Furthermore, lack of human resources in the health
sector of Sri Lanka such as doctors, speciaist and nurses is also a problem
(MoH,1992).
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3.4. Some studies about hospital efficiency in Sri Lanka

Although, there are many studies on hospital efficiency in developed and developing
country, which have done by different aspects and using different methodology.
However, thereis very poor intervention in Sri Lanka on the hospital efficiency study.
Only few studies have found, mainly discussedsa@bout hospital efficiency and health
system efficiency using whatever methods.

Sri Lankais well known countryfthat has achieved very good health outcomes
at low cost (Hsiao, 2001)«Thesurvey of health facilities in (1991) conducted by the
world bank found'that average costs of heelthcare in public sector health facilities

were very low by iaternational standards.

One study /has been done_by Somanathan et al, (2006)to observe the
optimization of the configuration of publie hospital infrastructure at the district level
among three south /Asian counties, Sri Lanka, Nepal and Bangladesh using data of the
public facility survey gonducted in 1998 in Sri Lanka and Bangladesh for year 1997
and for Nepal, data for the year 2000 were'obtained from public the facility survey
conducted in 2003. They have tsed mixed;' g:)f’r"f'echniques to address the issue of
efficiency; (1) Producing a profile ef hospital i h[rras}trructure by developing standardize
district. (2) Measuring marginal product. (3) Ahaiy_)sis of technigal efficiency.

In the ease of technical efficiency, they have used simple ratios named varied
unit costs approach, bed occupancy ratio and length of stay. S0, findings show that Sri
Lankan hospitals are having the least unit cost for inpatient care; it was less than 5%
of the per,capita GDP because of high utilization ratio of Sri Lankan health facilities
to others (i.e..it is 20-50 times higher than Nepa and Bangladesh) it is a similar

pattern in‘outpatient care as well.

Bed oecupancy ratioa'so significantly, highest in 'Sri Lanka and higher the gap
shows in complex facilitated hospitals than' small hospitals due to the bypass of
primary care facilities (MoH,1992). Further, they have found that higher bed
occupancy rate significantly associates with low inpatient unit cost in these three

countries. Average length of stay is amost equal to Bangladesh but Nepal is the
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higher, and length of stay is positively related to admission cost as the cumulative

costs of care are higher for higher length of stay.

In the analysis of marginal product, it has done by cob-Douglas function, and
they have found that marginal preduct of the number of beds is higher in all facilities
in Sri Lanka, and it was statistically signifieant with technical efficiency. Number of
doctors, nurses and paramedical staif also gainpositive higher marginal product than
other two countries but these were not significant. Finaly, they strongly
recommended by the exceeded.marginal product than the average product of beds, the
bed capacity in secondaryandprimary care facilities should be increased to operate at
the optimal economies of sgale It means these facilities are not operating at the

optimal scale.

Somanathan, A., Hanson, K., Dorebawila, T., and Perera, B,. (2000) have
found from their study that there is‘a conéid_erable variation among facilities offering
similar services even though wnit cost is low, "éuggesting that there is potentia for
improving efficiency. i

Further, the study shows that average 1éﬁ§th of stay (ALS) is relatively low
compared with international rerms: ALS is hi’bﬁ&ét‘in the complex facilities, probably
because of theirmore complex case mix and patient’s higher willingness to admit this
type of hospitels because of satisfactory facilities. Average ed occupancy rates
(BOCR) vary considerably among facility types, with a highly utilization rate in
complex facilities (average occupancy of 93 percent) and underutilization rate in basic

and intermediate facilities (averages of 48.6 and 55.6 percent respectively).

Somanathan; A., (1998) has'conducted a 'study“to analyze unit cost anaysis of
public and private health facilitiesin Sri Lanka using-scenario building technique. So,
The results suggested-that “public facilities are less costly than private facility, and
public small Tnpatient and outpatient facilities have least cost, and also cost of public
tertiary care facilities were higher than the lower level facilities. This is because of
same phenomenon mentioned before.
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Many of the findings in the cost studies were conducted in Sri Lanka can be
summarized as follows. These findings have based on inpatient care and outpatient

S

Table 3.1 Unit cost studies of the d00F-pat|

care delivery cost only.

esm different facilities.

- ////L\\ N

~._ e
de Silva(1994) Med v ' 3 ( ]
de Silva (1994)8urgj .f \
Siriwardena (199

(Somanathan, et al.
(Somanathan, et ¢
(Somanathan, et ., _
Edirisinghe (2002) Dlstrl

Source: Re\nqu Costlng StudlesCon ed i ] 004, p. 37

Conside
cost (635 Rup | f in inde : ﬂmore severe cases and
senior staff in these facilities. Furthermore, lower level facilities bear the relatively

higher 27 Ru e el dl urno rate because of
bypassiﬁth % % ﬁlﬁ a problem in

utilization or utilization disparity among facilities.

ama\mmwnwmaﬂ
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Table 3.2 Unit cost studies of the outdoor patient care servicesin different facilities.

Study Reported cost per
Outpatient visit
(Rupees)
de Silva (1994) 37 (1992)
Somanathan (1998) Camplex 207 (1992)
Somanathan (1998).Basic 23 (1992)
De Lanerolle 28 (195)
(Somanathan,et'a ., 2000~ Complex 153 (1998)
(Somanathanyet a ., 2000) —Intermediate 26 (1998)
(Somanathan, e, 2000) - Basic. 32 (1998)
(Somanathan, et alt, 2000)~ Only ot patient 35 (1998)
Edirisinghe (2002) District Hospital s 143 (2002)

Source : Review of Costing Studies Conducted.in Sri Lanka 1990-2004, p. 37.

In OPD care cost, tertiary care facilities show a relative high cost due to the senior
and qualified staff. Basic care facilities show least cost in point of put patient care

services.

Somanathan et a (2000) conducted a study aming (I) to explore different
methods for quantifying the magnitude of technical and economic inefficiency in
service provision by public sector, providers and, (11) ,to.identify. institutional and
behaviaral facters which-explain differences-in efficiency using variety of techniques
including standard service indicators (length of stay, occupancy rate, turnover rate),

average eosts,-and econometric.cost and production functions.

The study found that average cost of care in 1997 continued to be below
international norms, but that there remained an important degree of variation among
similar facilities, with ratios of high: low cost facilities ranging from 4.3 (for cost per
patient day in complex inpatient facilities) to almost 30 (for outpatient visits in basic

inpatient facilities). Differences in average length of stay and occupancy rate explain
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only a small proportion of the variation in facility cost. Indicators of management

characteristics do not seem to explain much of the variation in costs either.

3.5 Studies on efficiency in developing countries.

Umakant.D, Vaishnavi.S.D, and ' Muraleedharan.V.R, (2010) have done a
study in Thamil Nadu district in India to analyze and compare 29 district level
hospitals, which have-undertaken by several health sector reforms, analyzing
technical and scale efficiency. Fi naIIthhey found that 52 percent hospitals were
inefficient and rest of themwese efficient Further, the average scal e efficiency among
the inefficient hospitalsawas81 per cent, which Implies that the scale inefficient
hospitals could reduce thelr size by 19 percent without reducing their current output
levels. And they provided strong implicatieﬁé in terms of further policy making by the
result as well as hospitel administratorsffo monitor the progress of the identified

underperforming units.

Hsuan-Lien, ef a (2002) have conducted a study to identify whether the
responsibility centers, tota quakity manage'm"ent and physician fee program improve
the hospital efficiency Tn Tawan. They use:d BLEA and Tobit methods regression
methods, and found that responsibility cente_rsfs_yﬁst(’am and physician fee program tend
to increase hospital efficiendy while physiéia-\ni-f'ee program /Significantly affect to
increase efficiency of thechospitalsi-Taiwan:

Another study conducted in Taiwan by Chang. H, (1998) to study about
efficiency in central governed hospitals with DEA and OLS. From this, He found that
scope of service and proportion of retired veteran patients significantly and negatively
associate with/efficiency. He has used the complexity as the seope of service.
Furthermare, bed occupancy rate is also significant factor to increase efficiency. And
al so show, that.efficieney has been improved.over. the period gradually along.with the
anticipated implementationof the NHI Programme.



CHAPTER IV

METHODOLOGY

4.1 Resear ch design

This study is a descriptive study focus on provider perspective. The secondary panel
data which collected from Ministry of Hedth Used to analyze hospital technical and
scale efficiency for threeyears (2006-2008).

4.2 Conceptual frameweork

Figure 2 depicted thai'the conceptual framework of this study. 56 district base
hospitals consideisfor evaluaiion as a target population out of 65 hospitals. There are
mainly two stages, first is rélative effici‘eﬁcy calculation both technical and scale
using data envelopment analysis (DEA) v;hich widely using the method in this field,
under the setting of Jnput oriented. :

And secondly sensor regreési an Tobiti_;mg):del use to provide more details about
efficiency and production characieristics. Sbfrgeciprocal efficiency score used as a
dependent variable (UTE and 1/SE) and explanatory variables, which have identified
in concerning internal and external factors to:':explore the relationship with efficiency

of the hospitals.

This sttiey used four aggregate inputs (number of beds;number of physicians
number of nurses and number of allied health personnel) and four outputs (number of
IP days, number of OP visits, number if clinic visits and number of deliveries) to
measurerél ative efficiency usingasithe proxy: of, labar, capital.and quality of care for
input selections, and output represented themain common outcoames produced from
this type of hospitals.

There "are, two initial ' findings| comes from DEA. One is /the technica
efficiency score, and another is scale efficiency scores. Then, these two initials scores
used in censor regression Tobit model getting its reciprocal form for which
computational convenient and censoring to one as a dependent variable. Explanatory
variable has identified by assuming critical way to describe the efficiency of these
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hospitals. And finally test the hypothesis with the result derived from two regression

models.

District Base Hospitals
(Target Popul ation 56 _out of 65)

Input Proxy / Output N\
Output L Representation
« Labour # P Days
by « Inpatient care
o Capital # OP Visits '
. J A o Outpatient care
o Quality of care ‘| #Cl Visit Jﬁ o .
L « Clinic services
« Hospital Size # Deliveries

« Materna care

/ Rec. TE Score \ ] / Rec. SE Score \

Dependent \fariable Dependent Variable

TOBIT MODEL ! == TOBIT MODEL |
BOC Ratio D Statistict " « No. of Beds
’ | hypothesis |, o
« Nurses Physician Ratig,j/ Testing === ° No. of Admissions
o OP Vijsits

« AHP Bhysician Ratio
« Bed RPhysician'Ratio
« Hogpital Type

s_Hospital«Type

« Governance

« Governance

\_ / - /

Figure 4.1 Canceptual framewark

4.3 Study Total and Target Population and data.

Total_population ©f "this study! is 65" district  base hospitals. "And |target
population is56 hospitals because of data unavailability of rest-of the hospitals'due to
the past war in north province hospitals and uncompleted data in some hospitals. Data
collected from MoH and annual health bulleting, 2006, 2007.
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4.4 Technical efficiency and Scale efficiency with Data Envelopment Analysis.
As mentioned before, DEA is a very strong technique in efficiency calculation
that iswidely using devel oped by Farrel, M.J (1957).

First, CRS model which is described under assumption that a firm operates at
the most efficiency manner or most economies of scale. It means that, TE of both
dimensions (output oriented and Input oriented) is same. On the other hand, marginal

effect of factors of production.is equivalént to marginal effect of outcome.

Underlain prineiple of calculating efficiency using multiple input and output is
that it becomes to analyze welghted input and output for derive frontier according to
the maximum resources@liocation and after that calculate efficiency for each DMU
with respect to previous frontier. How;far from It? Distance to have frontier

determines the magnitucie of inefficiency.

This phenomenan can be described B’q_athematically as follows. For each DMU
we would like to obtain @ measure of th_el_xatio of all output over input, such as
u’y;/v’xi, where u is an M x-1 (M is Z)u;pqt for each DMU) vector of output
weight and visaK x 1 (K is inputfor each WU) vector of input weights. To select
optimal weight we specify mathematic progrdﬁﬁw'rﬁgproblem;

Maxuv (U"yi IV Xi), 1)
g uy/vx <Lj=12N
u,v=0.

This involvesfinding value of u and \v, such that the efficiency measure of the
ith DMU. Is maximized, subject to the constraint that all! efficiency‘measures must be
less or equal t0'1."One problem with this particular ratio formulation'is that it has an
infinite number of solutions. To avoid this one can,_impose the constraint v’x; =1
which provites: \Where the, notation change from‘u and v to and v refiects the
transformation or marginal rate of technical substitution.

Max v (1'yi),

g VX<l
“Yi—Vvxp<0,j=12,N
u,v=0.

)



33

Thisform is knows as multiplier form of liner programming problem.

Using the duality in linear programming, one can derive an equivalent envelopment
form of this problem:

3)

of constraints. This

ultiple form (K+M < N+1).

And hence is gener 1 to solve. The \ alue of 6 obtained will be

the efficiency score ' vill satisfy @ < 1, with the value of 1

including a point er and hence'a technicz \ cient DMU, acceding to

the Farell (1957) defi the linear au,‘: ming problem must be solve
T

N times, once for each in-the sample Jue of @ is then obtained for each
DMU. —

The piesewise | form of the non-ps ontier-in DEA can cause a

: LY
the piecewise linear whict de not occur in most
] I

parametric functions.

GURRLEN e TRIE
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Figure 4.2 Piecewise linear frontier

Figure 4.2 depicted that C and D efficient DMUs while A and B inefficiency
DMUs. According to the Farell (1957) efficiency of A’ and B’ as defined as A’0/A0
and B’0/B0 respectively. It is debatable as © whether A’ is efficient point one could
reduce the input of X, used (from A’ to C) andstili'produce same outpuit.

This situation has interpreted. as the input slack or.excess input by the researcher,
(Koopaman’s 1951).(iyarllin, 1951).

However when Y2 - vie=0, eutput slack will be zero. And input slack will be zero

only if O x;- X 420, (for'the'gwen A and 9

Some authors have suggested 'the solution of a second stage linear programming
problem to move to an ingfficient frentier point to an efficient point (Ali and Seiford
1993).

This model can be described as follows:

Miniosis= (M1OS +:K:|_.' 1S),

Subject to L
—vyi+Y4A-05=0,
&xi — XA —0S >0,
120/0520,IS>0,

(4)

Where OS is aiMx1 vector of output.slacks, IS is a K x 1 vector of input

slacks, @nd M| and-KI are M x 1'and K'x 1 vectors of ones, respectively. Note that in

the second stage linear program, 0 not avariable; its value is taken from the first-
stage.results. Furthermore,.note. that this second-stage linear.program_ must. also be
solved for each N'DMU's involved.

There are two mgjor problems associated with this second stage LP. The first
and most obvious problem is that the sum of dlack is maximized rather than
minimized. Hence it will identify not nearest efficient point but furthest efficient
point. The second problem associate with the above second stage approach isthat it is
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not invariant to unit of measurement. The alteration of the units of measurement, say
for a fertilizer input from kilograms to tones (while leaving other measurement
unchanged), could result in the identification of different efficient boundary point and
hence different slack and lambda measures.

As aresult of these problems, many studigs'Simply solve the first-stage LP for
the values of the Farrell-radial technical efficiency.imeasures (¢) for each DMU and
ignore the slack completely, orthey repbrt both the radial Ferrell technical efficiency
score (#) and residualeslacks which: may be calculated as OS=-y +Y4A and

IS=6x — X1 .

However, this.appreach s not without problems both because these residual
slacks may not awayssprovide al+slacks and hence may not always identify the

nearest point for eechDMU.

Second, under the variablereturn to écale; there was an assumption that, afirm
is achieving highest econamies of scale in all the time. But many environment factors
such as imperfect competition, financial constraints, technological deficiency, etc
cause to DMU to maintain the optimal scéle in_long term. Banker, Charnes and
Cooper (1984)-suggested as extension of thé CI?S DEA-mode-to account for VRS
situations. The-use.of.the CRS.specification.when.not.all. DM s are operating at the
optimal scale witl permit the calculation of TE devoid these scale efficiency effects.

The CRSfinear programming LP, problem can bemodified to account for
VRS by adding the convex constraint: N1'A =1 Where N1 is and N’1 vector of ones.

Ming .0,

X _y+Y1>0,
& — X4 20, -
NI'A=1
A>0,

This approach forms a convex hull of intersecting planes which envelop the data

points more tightly than the CRS conica hull and thus provides technical efficiency
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scores which are greater than or equal to those obtained using the CRS mode. This
VRS model has been widely used since 1990s.

Scale efficiency calculation. — TE score obtained from CRS can be

decomposed to two segments & : and another due to pure TE. As
follows,

(6)

For more u example can beillustrated this

instance and conc 2 considered in 5

DMUSs for convenig

Table 4.1 Hospitg

Hospital (D

AU SRERIRETS

qﬁﬁm um'mmaﬂ

5 7 8 lnput
Figure 4.3 VRS and CRS input dimension DEA frontiers
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Figure 4.4 depicts the scatter diagram according to the input and output datain
each DMU (1,..,5) in Table 4.1. In addition to that it shows difference frontiers under
CRS and VRS relatively best performance hospital (i.e. CRS through 3 and VRS
through 1,3,5 hospitals). Efficiency. value can be illustrated using hospital 2 which is
inefficiency in both CRS and VRS assumpiion. Fhe CRS TE is equal to 2.75/6 = 0.46
(da/dc) and VRS TE equal to 3.7/6 = 0.62 (db/de), then, SE equal to the ratio of TEcrs
and TEygrs according.to.above explanation. Then, SE equal to 0.46/0.62 = 0.74.
Hospital 2 is operatingat RS according to the best operating hospital (peer) because
the marginal effect givoutput'is oreater than marginal input effect. Moreover, 4 and 5
hospitals operate at DRS wihilehospital 3 operates at constant returns to scale at both
assumptions according i0 the theory.

4.4.1 Input & Qutput variablefor DEA.—'f 4

When analyze the efficiency usih_g DEA, we can use multiple input and
output concerning the nature of the produciign process. As a result of complexity of
this sector, most key inputs are selécted as ajproxy of different factors such as labor
factor, capital expenditure, and quality of_é;réj-_,gze of hospitals, work load and
severity. For this study, | use four aggregatedﬁhbﬁt shown in Table 4.1 as a proxy of
labor factor, capital expenditure and quality of care. Number of physicians including
specialists, dagtars, dental surgeons and RMO/AMO and numbey of nurses including
matrons, nurses,.nursing sisters and midwives are very importanat human resources in
providing health care. Number of beds is used as a proxy of capital expenditure.
Number of alied health staff including MLTs, pharmacist, dispensers and ECG, EEG

operators.is used as a proxy for.quality.of care.

Four output variables have added to the model that representing distinguish
output in district base hospitals (Table 4.1).
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Table 4.2 Input and output variable for DEA

Variable Definition Unit of measurement

Input NPHY | Number of Physician The number staff
NBED | Number of Beds The number of beds
NNUS | Number of nurses The number staff
NAHP==FNumber of Allied The number staff

HealthPersonnel

Output INPD Inpatient Daysl, The number of days
ORDV _yOut Ratient Visit The number of visits
CL | ClidicVist — The fAumber of visits
DELV 4| Number of Deli_&ery_ The number of live

L deliveries

4.5 Sensor Regression Tobit model analys_i-s;. |

Efficiency measurement itself is far ?a&@/.from the whole picture, wanted to
visualize through the study. Both dual itative éjgd—’a_'i]antitative reasoning was employed
to help for depth understanding the efficien(fy_"écore (TE & SE) that extracted from
DEA analysis under VRS. Significant change in efficiency of-hospitals will be given
attention to find out the reason. The effect of hospital size, hospital structures, and
resources substitutability and other factors may reflect the hospital efficiency.

Tobit regression model or sensor regression model is an extension to Probit
regression. model; 'developed by 'James Tobin: (Gujarati, '2003),#and it is a very
favorable technique specialy with/limited ‘dependent-variable instances such as in
DEA.

Technical "and scale efficiency . scores computed by DEA models aré highly
ounded by zero and one. However, it can be zero in theoretically but in practicaly, it

will not equal to the exactly zero at all.

Before the estimation, we get the reciprocal value of the TE and SE score,

because many of the efficiency scores are very close to one, and they are showing
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narrow gap among the efficiency scores. So, after obtaining the reciprocal value,
magnitude of the inefficiency score will be spread out greater than one with higher
variation. Then, reciproca efficiency score take in order to analyze as left sensor
mode estimation, that censoring point &t one.

Furthermore, when the case reciprocal dependent variable, we cannot use
OLS, because the dependent variable is not a linear (i.e: reciprocal value, UTE, 1/SE).
In addition to that, if we use Tk and SE as dependent variables with OLS regression
assuming the homoscedasii€ distribution of the error, efficiency score would be made
bias and inconsistent parameter estimates because of expected error will not equal to
zero (Maddala, 1992). Tebitmodel most appropriate for this study Because of this
instances, and sensoi Tobit specificatioﬁ as well as TE and SE score conversion

equation as foll ows;

The basic Tobit model can be described as'fol lows.

yf =ﬂ1+ﬂ2X1+Ui'_-’!__ (7)

y* is alatent variable that is-Gbserved for va ue: 'Jg"reater than truncation point (T) (in
our case 1) and censored otherwise: So, the observ_ed vy can defined as follows

iy R
- = {Tyyn — (8)

y

The model that assumed T = 1(i.e. Data are censored ai +). Then we can change

equation as: "
»

©)

Equation,9 shows our study mode for the estimation sensor point at one. (Amy

Puenpatom.R and Rosenman, 2006) has also used thissmodel as same ways:
RTE = UTE and RSE =/SE (20

RSE = Reciprocal scale efficiency score and RTE = Reciprocal technical efficiency

score.



Thus, negative sign of coefficients that calculated from Tobit reflect the positive
relationship with Technical efficiency and Scale Efficiency because of our dependent
variable used as the reciprocal form of thereal efficiency score.

Models are as follows;

45.1 The Model

(10)

ADDSIt B\lumber of admissions of thei- hospitaﬂ:rtyear.

OPDVit = Oflﬁsits of thei-th how for t year.

AR NI aY

Dummy variable 1 = Type A hospital (Large)
0 = Type B hospita (Small)

& =Classical Error term
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Table 4.3 Expected sign of coefficients

Variable Description Expected Sign
1. NOBD The number of beds +
2. ADDS +
3. OPDV +
4. GOVN +
5. HOST +

4.5.2 TheMode

RTE | 1%

:|= Go+ 1 BC I
TE:

OSt + fsGOVN + &t
(11)
Where

RTE;; = Reciprocal -,:;:-n-.m re of thei-th hospital for t year.

S o= Constant term

Ba1= ‘,!,ﬁf fi

ﬂgzcoefmientofA PY independent variable m

/3 4= coefficient.of BPY R independent variable

ﬂ%&?%ﬁ%ﬂbﬂ’]ﬂ‘i

— = coefficient of GOVN i deependent vari able

Oh ik Tie 15y N R 2 a e

AHPY;; = Allied Health staff Physician ratio of the i-th hospital for t year

: ;".i;irn .f

BPYR;; = Bed Physician ratio of i-th hospital for t year.
GOV N;; = Governance of it hospital for t year.
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Dummy variable 1 = Belongs to ministry of health
0 =Belongsto provincia department of health.

HOST ;= Hospital Type of the it hospital for t year.

¢j =Classical Error te -

Table4jf/zx:belcet Sig ///‘ t
L7

1. BOCR 3edocg _4’ ;F
2. NPYR

3. AHPY

ﬂ'lJEJ’JVIEWIﬁWEJ’]ﬂ‘i
ammnimummmaﬂ
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4.6 Hypothesis of the study

4.5.1 Determination of Technical efficiency (TE).

1. Bed occupancy ratio - Bed occupancy rate included as a proxy of utilization
of hospital resources. Higher bed occupangy ratie shows that most of the beds in the
hospital are being utilized by the patients throughoutthe year. It means this hospital
has created much output in terms of inpatient care. So, the relationship between
technical efficiency and«bed occupancy ratio should be positive because it creates

much out comes by using resources.

On the other hand higher bed.occupaney rate shows us their high committed service
capacity while lower gommitted service capacity by low rate (Chang H, 1998),(Rajiv,
et a., 1986). =

2. Physician and Nurses ratio - It says how many nurses for one physician or
proportion. This combination has also positi-V'e relationship with technical efficiency.
Physicians and nursing staff including, midwives have a substitution relationship to
somewhat, not al the situation: | like to- do . hypothesis this combination with
maternity care facilities because fitrses and midwives have strong ability to manage
delivery which-is uncomplicated pregnanci é.(WTégers, 2003) 4(Chutima and Albert,
2006) and al'se some-limited. other treatment. units..Maonty- of the district-base
hospital in Sri Lanka more likely handles general cases except some hospitalsin terms
of delivery care because there is a regulation that mother who is first time pregnant
should be facilitated. in the tertiary care hospital or another hospital which is a
specialist appointed.

3. Allied health staff physician ratio - There has a positive relationship with
technical efficiency as a complementary relationship*between Physician-and Allied
hedlth staff. Because of allied health ‘professionals are technical staff, which is
supporting to physicians at their treatment process in terms of quality improvement (if
we think about MLT) and use of optimal productivity from physicians. When allied
health staff (if we think about pharmacist) physician ratio increase, we can believe
that the queue in the pharmacy will short and patient who need another treatment can

move. It means this optimal combination can create more output. Moreover, it can be



happened on increasing alied health staff under a same number of physicians or
number of physicians can be reduced while alied health personnel remain the same.
In Sri Lanka, there has a deficit in allied health staff. (Chutima and Albert, 2006)

4. Beds physician ratio - Bed physician ratio determines a negative effect to the
efficiency. Because, when the bed-physician ratiodncreases, it is difficult to maintain
patient investigations (Take time), and it may be causing to increase the length of
stay. And also quality of care(time allocation for one patient has to limit) can be
fallen. On the other handghigha'ratio may be deployed excess beds. On the economic
aspect, they are complementary (Chutima and Albert, 2006). So, we can increase
efficiency of the hespital by reducing the ratio by which Is increasing physicians
under the fixed number of beds or reduciﬁ'g the number of beds while numbers of

physicians remainthe same,

5. Hospital Type (Dummy) —Type A’ (Large) district base hospitals are more
technical and scale efficient than type B (ané’il) hospitals. Type A hospitals most
often have some specialists sueh'as VOG;";Pediatrician and Ent Surgeon and this
condition may help to acquire more referr;é\lsjf‘rom lower level facilities and aso
people more willing to go this type of hospi ,talr,s‘be_cause of pleasant facilitiesin there.
It may cause t0 be gain scale efficiency also técr;nical efficiency with respect to type
B hospitals (M eiH;2007¢):

6. Governance (Dummy) - if hospitals belong to the ministry of health (LM
hospitals), they are more technically and scale efficient than hospitals belonged to the
provincial-department ‘of health services (PDHS). (Provincial hospitals). Because of
there are mainly two administrative| body,. for most cases has te follow by the
provincial hospitals namely Regiona director of headth servicestRDHS) and
Provincial, director.of .health.services(PDHS). lt.takes time for degision.making and
for routing pracedures. For some cases need central level approval. However, LM
hospitals can directly contact with MoH and it is quite fast in decision making and
resource allocation. These conditions make LM hospital technically efficient, and also

they are gaining economies of scale.
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4.5.2 Determination of Scale efficiency (SE).

1. Number of IP admissions - IP admissions (proxy for resources utilization)
have a positive relationship with scale efficiency. It is obvious that when more
patients admit to the hospital, hospitel can creaie economy of scale respectively other
peers (Gary and Vivian, 1996).

2. Number of OPD visits — there is a positive relationship to scale efficiency. It
is also the same phenomenon mentioned in the number of inpatient days (Gary and
Vivian, 1996)

3. Number of beds - and.scale efficiency has a positive relationship. Amount of
bed is the foremost indicator to resource allocation and determines hospital size
among health egonomists,: policymakers and other interest parties. Therefore,
relatively bed capacity higher hospitals are Iii(ely to be a more facilitated and high
complex hospital. This phenomenon signifi"'c_a_nt_l_y influences to gain scale efficiency.
Ozcan Y.A and Luke R. D (1993) haver_n'_jenéioneded this. District base hospital
relatively belongs to this categery and peopT'_éfn](jJ_re willing to go there for treatment

even unnecessary conditions. It will create much :(!)ﬁtput to the hospitals.

4.6 Analyzing data

DEAO Version 2.0,.and-Eviews.6.0.computer.software provided-technical facilitiesin
measuring efficiency and regression analysis. In technical and scae efficiency
analysis, data was undertaken separately for 56 DMUs (for each year) to explore the
efficiency trend and the impact of the health master plan. Later, it takes in order to
aggregate anal ysis'using same data set'as168°DMUs (56 hospitals X=3 years) for both

efficiency scores and Tobit regression analysis to determine the factors of efficiency.



CHAPTER YV

RESULT AND DISCUSSION

5.1 Empirical descriptive statistic '
First, descriptive analysis calculated f / d output data might be useful to

collected from 56 district

base hospitals for th

absp

Type of Hospite Illﬁn‘\\\ of Hospitals

Type A hosp

Type B hospita

d
Tableb St ics,.2
Variable St Minimum ©  Maximum

Inpatient Days 45034 38260.36 3546.00 133374 oo
Clinic Visits 38303.08™  1666.00

ﬂ”ﬂﬂﬁ\ﬂﬂ?ﬁﬂhﬁéﬂ@ 8 i

Beds 196.14 125.87 26.00 562.00
Physician 32,52 33.91 2.00 172.00
Nurses 73.79 69.76 3.00 289.00
Allied Health Personals 9.76 7.60 1.00 34.00

** QObservation - 168
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Average number of Physician (NOPY) was increased from 30.2 to 34.39 and number
of nurses from 65.5 to 80.8. OPD visit (OPDV) and Inpatient days (NIPD) have
increased from 119201.36 to 130139.39 and from 41956.96 to 130139.39 and
49308.27 respectively while bed size has increased from 188.54 to 200.18 over three
years (Table 3). Number of beds has ranged from 103 to 530 in the type A (large)
hospitals while it was determined from 34 to 462 Lathe type B (small) hospitals. Data
are shown by Table 5.4, 5.5, 5.6.

According to the data_on type A (Large) hospitals, Average number of beds
has been increased from. 27872 in 2006 1o 316.28 in 2008 and minimum 102 and 104
respectively 2006,,2008._M aximum bed capacity shown as 481 in 2006 and 562 in
2008 (Table 5.7, 5.8, and 5/9). .

i

Average number of bed strength hgs been increased from 145.82 in 2006 to
145.18 2008 in Type B (Small) hospitair——-_while without change in minimum bed
strength is 38 respect year and maximum beds has decreased from 508 to 394 over
three years. Results shown in Table 5.10, 5.’1—f—, 5.12.

g4

Table5.4 All group descriptive statistics in 2006.

Variable Mean Std Dev Minimum Maximum

Inpatient Days 41956.96 36760.32 5040:00  122689.00
Clinic Visits 42222.02 37987.41 1666.00  158866.00
OPD Visit 119201.36 72640.87 10660.00  377825.00
Deliveries 1461.98 1590.57 17.00 5333.00
Beds 188.54 126.52 38.00 508.00
Physieian 30.20 29,53 4.00 114.00
Nurses 65.50 60.59 6.00 232.00
Allied Health Personas 8.84 7.11 1.00 30.00

** Observation - 56




Table5.5 All group descriptive statisticsin 2007.

Variable Mean StdDev Minimum Maximum
Inpatient Days 43839.63 38157.43 6783.00  123465.00
Clinic Visits 43211.06 38148.25 2123.00 172043.32
OPD Visit 122342.07 5322361  40368.00 323475.00
Deliveries 1636.23 163485 14.00 5964.00
Beds 199.714 127.05 26.00 519.00
Physician 31.68 32.65 2.00 143.00
Nurses 74.23 71.08 7.00 273.00
Allied Health Personal's 9,84 Tl T 2.00 32.00

** Observation - 56

Table5.V.6 All group descriptive statistics in 2008.

Variable Mean...s StdDev  Minimum Maximum
Inpatient Days 4930827 + ¥, 40097.28 3546.00  133374.00
Clinic Visits 48676.04. *139138.09 6310.00  165932.00
OPD Visit 130139.39. " 63450.79 52362.00  364796.00
Deliveries 1606:29- ' 4L A1711.30 11.00 5923.00
Beds 200.18 ——-125.96 38.00 562.00
Physician 34.39 3568 5.00 172.00
Nurses 80.80 7498 3.00 289.00
Allied Health Personals . =~ 1064 799 1.00 34.00

** Observation - 56

Trend of the variables by annually and type of the hospital (T ype A).

Table5.7 Descriptive statistics by Hospital Type in 2006 — (Type A Group)

Variable Mean Std:Dev Minimum Maximum
Inpatient Days 75136.89 | 39499.79 17651.00 122689.00
Clinig\isits 72056.94  45535.75 17654.00 158866.00
OPD Visit 15558561  82054.52 15979.00 313448.00
Deliveries 3039.94 165155 181/00 5333100
Beds 278,72 130.32 102,00 481,00
Physician 60.28 30.60 8.00 114.00
Nurses 129.11 60.76 24.00 232.00
Allied Health Personals 16.11 7.61 5.00 30.00

** Observation - 18




Table 5.8 Descriptive statistics by Hospital Type in 2007 — (Type A Group)

Variable Mean Std Dev Minimum Maximum
Inpatient Days 80832.22 | 38563.95 17239.00 123465.00
Clinic Visits 60774.71 ' 47198.04 12746.00 172043.32
OPD Visit 165092.22 | 169497.16 79256.00 323475.00
Deliveries 3281.11 1764758 160.00 5964.00
Beds 306.78 199,37 104.00 519.00
Physician 62.78" 37.33 8.00 143.00
Nurses 145.17 73.94 24.00 273.00
Allied Hedlth Personals 17.56 7.70 5.00 32.00

** Observation=18

Table5.9 Descriptive siatisties by Hospital Type in 2008 - (Type A Group)

Variable Mean Std Dev Minimum Maximum
Inpatient Days 8716611 3630344  22811.00 133374.00
Clinic Visits 87880.17. -~ 41516.81 26584.00  165932.00
OPD Visit 179296.89- 7351590  74577.00  364796.00
Deliveries 3419:67 A }1658.87 101.00 5923.00
Beds 316.28 - 12423 104.00 562.00
Physician 67.61 S a6 8.00 172.00
Nurses 15367, T T-83.96 3.00 289.00
Allied Health Personals == =~ 19,06 /733 9.00 34.00

** Observation - 18

Trend of the variables by annually and type of hospital type (Type B)

Table5.10 Descriptive statistics by hospital typein 2006 — (Type B Group)

Variable Mean Std Dev Minimum M aximum
Inpatient Days 27240.16  20418.44 5040.00 97934.00
Clipic Visits 28089.68 _ .23541.87 1666.00 123187.00
ORD Visit 101966.71 = 61653.41 10660.00 377825.00
Deliveries 71453 849.89 17:00 3404:00
Beds 145.82 100.80 38.00 508.00
Physician 15.95 14.74 4.00 54.00
Nurses 35.37 29.32 6.00 107.00
Allied Health Personals 5.39 3.27 1.00 15.00

** Observation - 38
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Table 5.11Descriptive statistics by hospital type in 2007 — (Type B Group)

Variable Mean StdDev Minimum Maximum
Inpatient Days 26316.82 22859111 6783.00 88535.00
Clinic Visits 34891.44 3030827 2123.00 125650.74
OPD Visit 102092.00 38856.28.++40368.00 207717.00
Deliveries 857.08 928.37 14.00 3293.00
Beds 149,00 96.08 26.00 484.00
Physician 16.95 15.86 2.00 63.00
Nurses 2063 37.30 7.00 138.00
Allied Health Persopals 6.18 445 2.00 19.00

** Observation=38

Table 5.12 Descriptive statistics by hospitélz type in 2008 - (Type B Group)

Variable Mean - Std Dev Minimum Maximum
Inpatient Days 3137561+ |+ 271511.97 3546.00 123160.00
Clinic Visits 3010139 - 19561.26 6310.00 75270.00
OPD Visit 106854.26 . . 4205928  52362.00 220220.00
Deliveries 747.32 -855.20 11.00 2977.00
Beds 14518 </ 4 +1.82.65 38.00 394.00
Physician 18.66 16.32 5,00 65.00
Nurses 46.29 36.21 8.00 145.00
Allied Health Personals 6.66 4.41 1700 20.00

** Observation.-.38

5.2 Technical & Scalegfficiency result from.DEA

DEA results which calculated by separately in each year (2006, 2007, 2008
and 56 DMU) have shown by table 5.13 and 5.14. The average efficiency score under
CRS is 0.73, 0.84 and 0.88 and minimum was 0.43,/0:53 and 0.55 respettively while
the maximum'is L in each year. The findings under the assumption of VRS are 0.85,
0.90 and 0.91 and minimum efficiency scores were 0.45, 0.56 and 0.60 in respective
year. The average scale efficiency was 0.86, 0.92 and 0.66 while minimum score was

0.52, 0.69, and 0.78 for respective years.
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Proportion of the hospitals that efficient and inefficient (CRS) shown by Table 5.16.
12 hospitals (21%) or DMUs were efficient in 2006, and it has increased to 13, (23%)
and 22 (39%) in 2007 and 2008 respectively.

Under the assumption of VRS, 24.(43%), 28 (50%) and 32 (57%) hospitals or
DMUs were technically or pure efficient in 2006, 2007, 2008.

12 (21%), 14 (25%).and 22 (39%) hospitals. are scale efficient for year 2006,
2007 and 2008 respeeiively, (percentage value shown by the parenthesis) and rest of
them are scale ineffigient. However, the initial results comes from DEA shows that
(Table, 5.15, 5.16, 5.47) there.isincreasing trend on technical efficiency under CRS
and VRS and scale effigiency. ' &

Overall efficiengy which calculated u§i ng 168 DMU (2006-2008) shows that
average technical efficiency under CRS i§ 0.73 while 0.81 under the assumption of
VRS. Scale efficiency scoreis 0.90 with b[hpon;ion of 45 DMUs showing increasing
returns to scale, 99 DMUs showingd decreasjiir_ag returns to scale and rest of 24 DMUs
showing constant return:to seale: fechnical ef;‘ucjlency (VRS) was ranged from 0.38
3to 1. Average scale efficiency-determined 85:690 and minimum as 0.41. Maximum
efficiency scoreis 1. Thisisshown by table 5,14,

Table 5.13 Efficiency-summery=Annualty

2006 2007 2008

TE _ TE SE TE TE SE TE TE o
(CRS)' ¥RS) (CRSJLAVRS) (CRS) (VRS)

Average 0.7331 0.849 0864  0.836. 0904, 0924 0879. 0917 0.958
Minimum 0434 0435 0518 0532 0559 0692 0546 0604 0.776

Maximum %000, 1.000 1.000* 1.000% "1.000 @ 1:000 *~1.000/ 4.000", 1.000

** 56 DMUs

TE (CRS) = Technical efficiency score under CRS assumption.
TE(VRS) = Technica efficiency score under VRS assumption.
SE = Scale efficiency score.



Table 5.14 Efficiency summery — Aggregated (2006 - 2008)

TE TE SE
(CRS) (VRS)

Average 0.818 0.905
Minimum /ﬁﬂ" 0.412
Maximum > 1.000
Irs.drsicrs
*+ 168 DMUs
Table 5.15 TE (CRS
Range
2008
: _ 22 (39%)
90%-99.99% 7(12%) : 8 (15%)
80%-89.99% - 2(4% (25%) 6 (11%)
70%-79.99% 9 (16%) 14 (25%)
60%-69.99% 5 (9%) 3 (5%)
1 %) £ 3(5%)
7 (1 1..""- J 56 (100%)
Table5.16 TE (Va) score level classification by annually .m
‘o I
- 200
100%
70%-79.99% 6 (11%) 8 (14%) 4 (7%)
60%-69.99% 11 (20%) 3 (5%) AH(7%)
< 60% 5 (9%) 2 (4%) 0(-)
Tota

56 (100%)  56(100%) 56 (100%)

52
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Table 5.17 SE score level classification by annually

Range SE

- 2006 2007 2008
100% 12 (219%) 14 (25%) 22 (39%)
90%-99.99% 17 (30%) 22/(39%) 24 (43%)
80%-89.99% 11,(20%) 13(23%) 6 (11%)

70%-79.99% 5 (9%) 6 (11%) 4 (7%)

60%-69.99% 8/(15%) 1.(2%) 0(-)

< 60% 31(5%) 0(-)- 0(-)
Total 56(100%)  56/(100%) 56 (100%)
Irs:drs:crs 73010 15:26:15 16:18:22

irs = Increasing return toscale drs =.Decreasing return to scale:

5.3 Scale efficiency pattern f
The results in 2006 show that 7 hosb'i._tal S were determined at increasing return
to scale (irs) while"37 hospitals were d_elt_:r‘easi ng return to scale (drs) rest of
ingtitutions (12) are performing &l constant r__etlj{n, to scale (Table. 5.18). This result
has gradually changed over thetifie as a raIiozefji fé:drs to 15:26 in 2007, and 16:18 in
2008. In this case irs shows that inereasing trend and drs shows decreasing trend.

5.4 Input savings(fnput Stack)

Technical -efficiency level in the base hospital in Sri-i.anka is observed from
38% to 100%. This shows that, if the inefficient hospital wereincreased the efficiency
at optimal level by emitting their extra inputy (Slack amount), whole the district base
hospitalsicould have to gain more extra efficiency using optimal resource in services.
On the other hand, this omitted amount of resources can be saved or utilized other
hospitals. Input slack value showniby Appendix Bgkor instance, No 2¢hospital can
reduce 17 physicians under sane output level: And No 10 hospital can omit 10 hurses

from their production without reducing output compare with peers.
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5.5 |mpact of héalth-master-pi: an 2007-2016
/

Due to the.|ack aster plane to identify the
impact of health. o the statistic model.
Another reason is t@rgs no significant Sﬂgtural change that can identify in the

O (NP ¥ N (Rak ot N1 88 TN v g

proportlonately there are any significant changes after implementing health master

FRIRINIRAN NN TR L

This result shows that average TE(VRS) before implementation of health
master plan was 85% and after one year later it the has reached up to 92%. When

master plan, never applied any variable

compare about proportion of TE (VRS), it seems to that 24 hospitals were on the
frontier and 10 hospitals were showing good efficiency level between greater than
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80% and less than 100%. Therefore, this combination has bee changed that 32
hospitals are in the frontier and 16 hospitals between 100 % and 80% after the master
plane, and also lowest efficient hospital was 43% before but after the master plan it
was increased up to 60% minimum level.

Average scale efficiency level hasincreased from 86% up to 94%. Additional
8 hospitals met scale effieiency, and proportionally it-has increased up to 32 hospitals

According tosthis resuli; we can believe that there has influence to increase
efficiency of the distriet base'hospitals.

|
Following reasonswhich ean be effect for this phenomenon are;

I.  Providing gesouree allocation Critéria norms and guidance which consistence
with the national @bjective to prdvj neial administrators to use their resources
and other external recourse (Donations, Budget allocations) and reviewing

continually by the ministry of heal th

#

il 4 il

Il. Contracting out/non clinical services to gain more value for investment and

reduce unit cost. eg. Laundry servi cej:ood services.

[1l.  Strengthening therhaépital by concer'ni_n*g geographical” and income groups
among the-province-and-within-the-provinceto-provide more service for low
income graups. (MoH, 2007c¢).

Table 5.18 Average TE and SE efficiency score as an impact of Health Master Plan

Before Hedlth After Health M aster Gain/Loss (+/-
Master Plan Plan

TE TE S TE TE SE TE TE SE
(CRS)_(VRS) (CRS). (VRS (CRS) (VRS

Average 0.706. 10.849 10.864. ~0.879. 0917 0958 _0.146 70.068_.0.094
Minimum 0434 0435 0518 0546 0.604 0.776 0.112 0.169 0.258

Maximum 1.000 1.000 1.000 1.000 1.000 1.000 - - -
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Table 5.19 Technical efficiency level as an impact of Health Master Plan

Range TE(VRS)
- Before Health After Health  Gain/Loss(+/-)
Master Plan Master Plan

100% 24 (42%) 32/(57%) 8 (15%)
90%-99.99% 6 ( 11%),_. A (70/0) -2 (-4%)
80%-89.99% 4 (7%) 12 (22%) 8 (15%)
70%-79.95% 6/(1196) 4 (7%) -2 (-4%)
60%-69.9%6 11/(20%) 4(7%) -7 (-13%)

< 60% 5(9%) 0(-) -5 (-9%)

Table 5.20 Scale efficiengy |evel as an impact of Health Master Plan

Range T SE

- Before Health .+ « After Health Gain/Loss(+/-
Master Plans | Master Plan )

100% 12(21%) s 22(39%) 10 (18%)
90%-99.99% 17(30%) . 24(43%) 7 (7%)
80%-89.99% =11 (2006) 6. (11%) -5 (-9%)
70%-79.99% 5 (9%) 4 (7%) -1 (-2%)
60%-69:99% 8 (15%) 0(-) -8 (-15%)
< B0% 3 (5%) 0(-) -3 (-5%)
Irs.drsicrs 7:37:12 15:26:15 16:18:22

5.6 Analysis of determinants of efficiency

A" first-order! measure’jof ' rel étive «efficiencyisuchas - DEA"among similar
facilities provides imporiant information about wide range efficiency both technical
and scale under the assumption of*homogeneous decision making units or DMUSs.
Therefore; itnat provides'more. depth.information about production chalacteristics or
environment factors. So, when'the'studying in hospital efficieney especialy technical
and scale, analysis of determinants is very important to policy implications by
observing relationship among efficiency and rationa environmental factors and

production characteristics.
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5.6.1 Relationship with Technical efficiency (VRS) and explanatory variables.
Table 5.21 Result of technical efficiency and explanatory variables

Coefficient StdaError z-Statistic Prob.
C 1.568004 0153979 10.18325 0.0000
BOCR -0.299782 0.126137 -2.376637 0.0175
NPYR -0.020393 0.025072 -0.813401 0.4160
AHPY -0.03829%4 0.0231.70 -1.652772 0.0984
BPYR 0.000866 0.002061 0.420291 0.0443
HOST -0.020037 0.072386 -0.276805 0.7819
GOVN -0.363255 0.144822 -2.508285 0.0121
L eft censored observation 49 . Right censored observation 0
Uncensored observation 119 . Total observation 168

BOCR = Bed Occupancy Ratio.
NPY R = Nurses Physi€ian ratio. ‘)
AHPY = Allied Health ff Physician Retio,
BPYR = Bed Physician Ratio.
GOVN = Governance:
HOST = Hospitel- fype:
According-to the result comes from Tobit regression analysis, which used
reciprocal technieal efficiency score as the dependent variable and six independent

variables shows thatinegative sign of the coefficients implies the positive relationship

with technical efficiency.

S0, bed occupancy ratio, bed physician ratio and governance of the hospital
are, eonsisted=with the study-~hypothesis, withs the, expected ysign, .and they are
statistically significant at pivaluedess than 0.05 level. SO, the higher hed occupancy
ratio can create much output in terms of inpatient care by using resources, and also it

islikely to be use maximum capacity of resources belongs to inpatient care.

Further, Increased bed physician ratio would be decreasing the technical

efficiency. When more in-patients take cared by one physician, it seems to be time
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consuming for investigation and follow the other clinical and administration
procedures. This instance will create higher length of stay of inpatient words. On the
other hand, higher ratio might be deployed excess beds as well.

Hospitals belong to the ministry of heslth are technical efficient than hospitals
belongs to the provincial health departments. .The hospitals that belong to line
ministry operate under supervision and with @irect. contect. It seems to be operating
with smaller span of control,-and thé;/ can make their own decision faster than
provincial hospitals, whieh consist of wide range of administration. On the other
hand, fast resource dlocation.may be help to reduce the length of stay of line ministry

hospitals such as ditigs and consumables.

Coefficient 4sign of ‘the nurses’:physician ratio, allied health personnel
physician ratio and type A hospitals (type ‘A large and type B small) have aso
determined the technical efficiency*with [l)e_sitive effect as we expected but they are
not statistically signifigant.. © *

4
5.6.2 Relationship with Scale efficiency anzl__-éipjlgnatory variables.
Table 5.22 Result of scale efficrency and expl;an‘.;\t!(_;ry variables

6oeffi cient étd. Error z-Statistic Prob.
C ) ' 0.918182 0.035690 25.72662 0.0000
OPD 8.14E-08 4.72E-07 0.172301 0.8632
ADD -1.34E-06 2.87E-07 -4.672558 0.0000
BEDS 3.31E-06 2.41E-06 1.373867 0.1695
HOST -0.036663 0.041809 -0.876919 0.0305
GOVN 0:005551 0070380 0:078870 0.9371
L eft'censored observation 0 Right censored observation 28
Uncensored observation 140 Total observation 168

ADD.= Number of-Admissions:
OPD = ORD\Visits

BEDS = Number of Beds.
GOVN = Governance.

HOST = Hospita Type.
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In this step, this study observes that whether there is any relationship with hospital
capacity and scale efficiency. On the other hand when a hospital operates in a
relatively with higher capacity, it might be leading to gain economies of scale in
economic point of view. So, the statistical results show that admissions and hospital
types has positive relationship with scale efficiency as we expected and p vaue of

them are statistically significant under 5% coniideneelevel.

So, it means, when inerease ini.patient admissions, scale efficiency will be
increased. It is of cause, when.more patients get treatment from the hospital, it can be
used resources by 'maxi jaum egapacity and also it can produce higher labor and capital

productivity than hespitals with fewer admissions.

Type A hogpitals(Large) have moie facilities compare with type B (Small) as
mention earlier. So, type A hospitals havera higher propensity to attend more referrals
consist of clinic, inpatient and maternity: from low level institutions than type B
hospitals and also many people willing to go this type of hospitals to get treatments.
In addition to that 95% Inpatient service'ig provided by the public health sector
hospitals. This phenomenon @ so-can be signi‘i‘%fcétﬁly affected for increase number of

admissions.

Number of OPD visits, number of beds and governanhce are not significant
with scale efficiency and the coefficient values also show opposite sign as well. The
public sector hospitals in Sri- Lanka relatively provide low OPD services compare
with private sector facilities (Rannan-Eliya and Sikurajapathy, 2009). So, our results
might be.implied. that “there is a more irrelevant fluctuation within the facilities

showing OPD visits and scale efficiency insignificant and opposite sign as well.

Number of beds and scale efficiency has beceme insignificant and negatively

related. " Sometimeit might'be areason of excess beds in‘these hospitals,

Governance of the hospitals is insignificant even sign also opposite direction,

it may be due to small sample of the line ministry administrated hospitals.



CHAPTER VI

CONCLUSION, LIMITATIONS AND RECOMMENDATIONS

6.1 Conclusion.
This study focused on two main questions to'solve. based on district base hospitalsin
Sri Lanka using retrospective data bel ongs t0.2006*= 2008 years. These questions are;

e What is the techmical and scele efficieney of government district base
hospitals?

e Which factopmay determine the effici ency of district base hospitals?

The study was realized following ég'/eral specific objectives through studying
the technical and scale efficiency of the 56 district base hospitals.

e Technical and scale efficiency of thedistrict base hospitals was eval uated.

e Factors those affeciing to change efﬁc-_:;enéy were determined.

e Policy implications towards efficier_ic_-:g '_ijmprovement were evaluated using
period of before and after-Hmpl ementatw.ifgrigg")—f health master plan 2007-2016.
Widely using DEA-method was used’td.analyze the comparative efficiency

among district base hospitals in Sri Lanka and secondly Tobit regression model,
which is the mosk i‘itted and also consistent method for this kind of study, was used in
the same time. This study used four Inputs and four outputs to measure efficiency
concerning and choosing better proxies for inputs and most cCommon outputs in such
hospitals to avoid the‘biasness. Secondly, “Febit regression model was adopted to
determine the reasons for inefficiency. Because, DEA result not much concern about
environment or any other production and institutional characteristics. The study used
nine difference types of variables that might be able to,determine.the technical and
scale efficiency of the district base hospitals understanding hospital characteristics,
governance type, size of the hospital, resource utilization, quality of care and input

substitution.
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Average value of the technical efficiency was 0.81 for considering 168 DMUs and
minimum efficiency level was 0.383 while maximum level at 1.000. Average scale

efficiency was 0.90 and it was ranged from 0.44 to 1.

There is an increasing trend of technical efficiency in the district base
hospitals in Sri Lanka within this period. The results show that there are 24 hospitals
in the frontier in 2006, and it has increased upt6 32.in2008, it is a 15% improvement
with 2006. Average technical efficiency; level was 0.849 in 2006, and it has improved
up to 0.917 in 2008 showing improvement in minimum level of technical efficiency
from 0.434 to 0.776. Scale efficient hospitals were also increasing by 18% (22) within
this period. The scale effigieney pattern I1s changing from inereasing returns to scale to

increasing returns to scale.

The results derived from Tobit regression analysis has shown that bed
occupancy ratio [-42998,p =.0175] has positively associate with technical efficiency
while bed physician ratio [.0009, p = -0443] is negatively related with it, and these
factors are statistically significant: 4t means, if increase bed occupancy ratio, technical
efficiency of the hospital will be increase. On the other hand, more utilization of the
facilities significantly reflects the technical effipiér_lcy of district base hospitals. This
relationship is consistence with previous studS/ Z:ione by Somanathan and others in
their studies (Sormanathan;et-al=-2000;-2006):

If bed physician ratio in hospital reduces, technical efficiency will be increase.
Nurses physician ratio [.0204] and allied health personnel ratio [.0.0383] was not
significant: with, technical “efficiency but expected direction has consisted. So, when
increase the number of aurses’ under same-physician or reducing physicians under
same level of nursing staff can be improved the ratio of nurses’ physician, and also
technical-efficiency. But this practice, is difficult to-justify in, the.every, operational
level.\However, this relationship can be.applied with limited types of| services such as

uncomplicated pregnancy which hypnotized by the study.

When increase allied health personnel and physician ratio [.0383], technical
efficiency will be increase but this effect is greater than nurses’ physician ration effect

because magnitude of the coefficient is higher than nurses’ physician ratio. So, when
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increase the ratio by adding more allied health staff such as pharmacist or dispensers,
patient load in the pharmacy can be reduce, and the patients who need another
services for different cases can be moved. So, it will create more output to the

hospital.

Number of admissions [-1.34E-06, p = .000] was became highly significant
factor to determine the scale efficiency in districi-base hospitals. Type A or big
hospitals [.0367, p = .0305] likely to be scale efficient than small (type B) hospitals.

The numberof beds, OPD wvisits and the governance of the hospital are
become insignificantawith our hypothesis and show opposite sign. Therefore, the
result is quite intéresting to  say ithat the number of beds and scale efficiency has
shows a negative relationship. |t might reiLect the situation of excess bed capacity in
district base hospitals: On the other hand;l this finding indirectly shows us many of
scale efficient hospitals bear aless amount:e]‘ beds with respect to the beds strength in
the inefficient hospitals. =% =

The number of OPD visits is neg;\fi;/dx associated with scale efficiency
insignificantly. It is may be the problem offir:r!:é.gular fluctuation in OPD services
among the facilities that are-providing a I'o'\'/'v"rpi'oportion (45%) from whole OPD
service need, by ppblic sector. Sometimes, other exogenous factors that omitted from
this study may _be relaied with utilization of OPD services suich as geographical
region, income level of the catchment population and factors of hedth service
demand. Because of this instance, the factors neglected from this study might reflect

the disparity of utilization of _hospitals for. OPD service.

Governance~of the hospitals doesn't consistence with study hypothesis. It
might be the problem of small sample of line ministry hospitals with respect to the
provincia hospital's (Tahle 5.2).

6.2 Limitations

Some of the limitation of this study mentioned as follows;



e The study didn’t apply perfect input variable to integrate quality of the
services because of there are no any formal quality assurance mechanism has

devel oped to standardize health sector performance such as accreditation.

¢ In selecting environment factors that may influence to the efficiency, there is
not concern about demand of heaith for this facilities and catchment
population because of unavailability of daia-@and location of the hospital such

as urban, semi urban.and rural because it isnot defined clearly.

6.3 Recommendations

Some recommendati on Canoe stemmed from this study.

The main finding derived from thirs %tudy shows that input deduction from the
production is the best way, to increase pﬁ:re__technical and scale efficiency because
many of the district base hospitals are oper!aqti ng at decreasing returns to scale pattern.
It is also shown by negative relationship 7('1}‘- bed and scale efficiency. In the read
world, it is a challenge, but it is ene opti_grl to increase efficiency. Furthermore,
decreasing number of beds of-the inefficient hospitals will be driven them towards
scale efficient hospitals, =

Somehail, if the bed occupancy ratio that highlyisignificant [-0.299782, p -
0.01], increase -y reducing beds, it will be skillful way-to increase technical
efficiency. Because reducing bed capacity tends to be decrease the bed physician ratio
as well [0.000866,p 0.04]. So, the final result might create-a dual effect to increase
the efficiency.

Another possible: way | to increaseqefficiency by high oecupancy rate is
strengthening the referral system throughout the hospital system to catch more
patientst@ the, district«base:hespitals, Because~of -making demand for, health care

cannot control dueito the inelastic demand in the nature.

Production and management characteristics that behind in line ministry
hospitals should be observed and those significant characteristics might be able to
increase efficiency in provincial hospitals, if those are applied. Sometime, another

study may be required to understand these hidden reasons.
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Number of admission is the foremost way for increasing scale efficiency [-
1.34E-06, p — 0.00]. Again, good referral system may solve this gap rather than
increasing demand for healthcare by the difficult way.

6.4 Suggestionsto further stud

It is most importa t to pay atter ocative efficiency concerning

fon isils expenditure, labor and

capital expenditure, or get cation. rovide much important

jen 0 policymakers also hospital
y Sp

administrator in problem.

It is interesting yi on -' emphasizing what will
be the impact ongefficie ' - 1 action and health persona
satisfaction, also incentivesand sdl é{ \

The Significant vari d mester plan and management

style should be raise _ _1 of t e health master plane in further
efficiency analysis. Thos " TAGHOr i pful to assess the effectiveness and

of both policy and hospital management in fong term period.
e "'f"'-r"t..-‘" };_,

-
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Appendix A

Efficiency results for 56 district base hospitals for three year

Hos 2006 2007 2008
No r

TE TE SE T E | 5 ,_.?'§E TY TE TE SE TY

(CRS) | (VRS (CRS) | (VRY) | (CRS) | (VRS
1 [060 [100 [060 |d | 100 |[100 }400+4¢ [078 [100 [078 [d
2 |062 [100 [062|d |[091 [098 [0593|d |08 [100 |088|d
3 |056 [1.00 |056|d |08 [100 [083|d |078 [100 [078|d
4 1100 [1200 [100swe™ 13100 [1.00 {100 Pew 100 |[100 [1.00]c
5 |059 |067 1088 @ 077 077 [400|i [073 [074 [099 i
6 |051 079 [0®4 | de 059 /]081 /073 |d 067 [08 [079]|d
7 [052 [1.00"0.524d 4 087, | 700 | 087 [d (078 [096 [081|d
8 |060 |0.67 89 i Jobe |08 077 |i. 1099 [100 [0.99 [i
9 |097 |100470974 J1096 [097 1099 |]i 100 [100 [100 |c
10 [046 [073 [068 |d 09 1100 |09 |[d |[075 [077 [097 [d
11 | 055 | 0.67 834 41074 o8 |086|i [069 |08 |082]i
12 [1.00 | 1.0047 1.00"] of [J0.827 0. 099 [d | 100 [100 [1.00|c
13 {082 [095 | 087 083 '/ 096 087 |d (09 [100 [096 |d
14 [ 049 |0.80 614d 108171090 (09 |d |07z [080 [096 [d
15 [1.00 |1.00 #2008 cf|087 100~ 087 |i 100 [100 [100|c
16 (069 [100 [069 | i 100 [100 200 [¢ [1200 |100 |1.00|c
17 [053 |064 [082 |d |[076 | 076 | 100 |c 1068 [069 |0.98 i
18 [1.00 [100 [100fc [o61 078 4079 [i [094 [095 [0.99 |i
19 {052 |054 [0971d - ;08 |08 [100[i |05 [060 [098 i
20 |068 |080 [085|d-f068 076 |08 |d [1.00 [100 [100]|c
21 [068 |069 [100|d |09 100 (099 |d [08 [083 |096 |i
22 1094 [099 [095 [d 100 |100 [4.00|c [095 [100 |095 i
23 (061 [069 |08 |d |076 |08 |087 [d [0.90 4091 [09 |d
24 1043 | 044 [100 [d [083 [083 [1.00[i 1.00-41.00 [100 |c
25 [ 0.66 | 1.00-==0:66=Fd=="0:89""0:92==0:98=d===0:55./ | 065 | 0.84 |i
26 [100 [1:00° | 100 [c 069 |069 [1200|c [200-4100 [1.00 |c
27 |1.00 |1.00~~]100 |c |08 |100 |088 [i 1.000 [ 1.00 [1.00 |c
28 [1.00 [1.00 [100 |c [100 100 100 |c |08l [083 |098]i
29 [062 |08 078 |d [058 [064 [090|d [100 [100 |[1.00 c
30 [058 063 [092|d [062 [063 .[097|i [079 [079 |1.00 i
31 | 046. [ 054 [0.86 i 1.00, [1.00 "11.00 [c |060 061 [098 |i
32 |06t 0647770957 d |057 1059+ 096 d 086 (088 |098]|d
33 [100 |l00 [1.007| c [100° [[1.00 ¢/ 100" ¢ [ 100] 100 |1.00]c
3 078100 [073|d [073 |[100 [073|d [078 [100 |0.78 |d
35 058 (092 [063|d [073 [100 [073|d [098 [100 |098 |d
3 (051 (056 _[091 |d [074 Jo76 |097 {'d [074_[075 [099 i
37 057 [.060. %] 095 [ T10.80 “f0.84 {095 7i 1.007 [[1°700 =1l00] €
38 [10.90] [090 %] 100 [ ¢ |w087 200 [087 [iT [090] [[093 11098 | i
39 [051 [066 [077 |d [100 [100 [1.00|c [078 [081 |095|d
40 [1.00 [100 [100 [c [100 [1.00 [100 |c [100 [1.00 [1.00|c
41 045 048 [094 |d [054 |056 |09 |d [083 [0.83 |1.00 i
42 1100 [100 [100 [c [100 [1.00 [100 |c [100 |1.00 [1.00|c
43 1093 [09% [096 |d [053 [072 [074 i 1.00 [1.00 [1.00 |c
44 1074 075 [099 |[d [078 079 |09 |[d [078 [081 |096 |d
45 1056 |[068 [083|d [079 091 |08 |d [08 [084 |098]d
46 (098 [100 [098 [d [100 [1.00 [100 |c [100 |1.00 [1.00|c
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47 1067 | 079 |0.85
48 | 077 089 |087
49 [ 096 |1.00 | 0.96
50 | 072 | 093 |0.78

d 1.00 |1.00 |1.00
d

|

d .

51 |094 |100 (094 |d 1.00 |1.00 |1.00

d

C

d

090 [100 [0.90
075 [080 093
100 [1.00 [1.00
100 [1.00 [1.00
095 [100 095
. 100 [1.00 [1.00
54 096 |1.00 100 [1.00 [1.00
55 [1.00 |1.00 077 089 [o087
56 | 0.64 | 0.91 57 | 1.00 [1.00 |[1.00
[1all e

Note: TE(CRS)- Technical effic eun%&tos&eﬂe
TE(VRS) - Technicaleffilciency scoreunder v nsto scale
AN

TY - Scale effigiencytype: | asing returns e
R e N

52 1 0.63 | 0.88
53 | 1.00 | 1.00

oo |a|l—alo|al—|Ialo

o000 o|Talo

X

I

AU ININTNGINS
QRININIUNRINYIAE
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Appendix B
Input Slack value for three year
ALLIED
Hos. HEALTH
DMU No No Y ear DOCTORS NURSES STAFF
2 2 2006 21 0 0
6 6 200 0 0.822
7 7 2 0 4.408
10 10 0 10653 0
12 12 o 1 . 0.059 0
13 13 e\ 27.251 0
14 2 o 767 0
19 19 0 ¢ 21.667 0
21 6 50 7 0.808
22 22 0 0. ho 1.729
25 off J | o 6 1.269
27 27 0 4 oli=] 0 o 1.404
28 28 6 V' 6.0 0
31 3 0 A& = , 0 0.292
32 32 0 % 13.89 9.956 0
34 34 |2 441,032 ¥ lilae 721 0 7,579
35 35 T oo 9.559 0
36 36 | 2006 if—-i*:é_** 1.646 0
38 38 | 200650t 2L 1.894 0
0 | "o | 2006 i 0
50 | 80 0 0
52 1.367
55 0
57 0
58 0
60, 0
4 0
| [P . 0
631' 7 44 8.056
9 0 0 1 - Fol | .-QE’, ol |
ﬁ 007 0 2.613 g E l
5 67 11 00 0 0 .
69 13 | 2007 0 3.453 21.617 0
70 14 | 2007 0 0 10.372 0
75 19 | 2007 0 20.175 28.547 0
76 20 | 2007 0 0 0 5.172
77 21 | 2007 0 0 0 0.628




78 22 | 2007 0 0.137 0 1.379
80 24 | 2007 0 0 0 2,619
85 29 | 2007 0 0 0 4.67
88 32 | 2007 0 4,002 5.756 0
92 36 | 2007 0 0 2,588 0
93 37 | 2007 0 0 0 0.033
%4 38 | 2007 0 0 2,677 0
97 41 42007 0 0 0 0.425
100 44 2007 0 W 0 0.421 0
108 52 alsi2007 0 0 0 1516
110 54 | 2007 0 13.034 3.435 0
114 2 2008 ad 3 12.116 6.825 0
117 5 42008 m 0 3,629 0
118 6" |.2008 0./ ~% 4%0 32.901 0
120 8 2008 b—=" o 2.893 0
121 o | 2008 Ty .0 0.839 0
122 10 4l 2008 NEY [ 2.361 2,511
123 114" | 2008 0 2 o 3.439 0
124 12 |§200g 10 fdi| @ 8.818 0
125 13 #2008 16273074 4| 0 44.786 0
126 14 | 2008 2o =™ 18.025 0
127 15 | 2008 /1= 19385 - | 0.803 17.142 0
131 19 | 2008 0 ~ {03813 0 1531
130 20 | 2008 =10 T 0 2.165
133 "1 2008 0 0 W 3.374
136 T 2008 ) 0 Sy 2.767
139 | =27 | 2008 0 0 0 et 2.633
140 28| | 2008 0 6.04 58.727 0
141 29 | 2008 0 0 O 0.931
144 32 .| 2008 0 0 2.569 0
148 36, y |.2008 0 0 0.906 0
149 37" | | 2008 0 0 11.066 0
150 38~ | 2008 0 0 7.101 0
154 42 | 2008 0 1.081 0 0119
155 43y 4172008 0 0 0 2:227
156 44 || 2008 0 0 0 2176
157 45 | 2008 0 0 23.145 3.841
159 47 | 2008 0 0 5.388 0
162 50 | 2008 0 0 0 0.275
164 52 | 2008 0 0 0 0.205
165 53 | 2008 0 0 0 0.188
167 55 | 2008 0 3.375 13,577 0
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Appendix C
Datafor DEA
D No.
M Hos. | No.In Clinics QPD Delivery | No. No. No. No.
U Hos. Name No Days Visits Visiis Beds | MOO | NOO | AHP
1 | Avissawella 1 | 122689 | 129345 266856 | .« 4570 | 477 85| 207| 24
2 | Homagama 2 | 118034 | 121241 | 229854 [...2964 | 323 | 103| 162 | 22
3 | Watupitiwela 34121912 | 158866 | 2759994737 | 481 | 101 | 232| 26
4 | Kiribathgoda 4" 10679 | 21960 | 112527 . 55 10 9 2
5 | Meerigama 5 49096 | /30256 91674 33| 116 13| 27 5
6 | Horana 6'| 141259 | 93904 | 220452 | 3581" 422 81| 206| 25
7 | Panadura 74 81787| 139204 | 313448 | 3978 382 | 114| 170| 26
8 | Pinbura 8 4115195 | .142824) 57932 21171450 7 18 2
9 | Theldeniya 9'| 43361 | “36686 | 72082 170.| 118 10 6| 4
10 | Dambulla 10 | 37951 [7;60040 | 131672 2869 | 215 45| 108 | 14
11 | Hettipola 19| 11006 | 15886 | 62052 | 128 @0 6| 27| s
12 | Rikillagaskada 12 | 1711344324324 64860 420 | 111 6| 21| 4
13 | Balapitiya 13 |'103500 4+ 532174112874 | 2761 | 325 58| 132| 11
14 | Elpitiya 14 32086 26022 153936 549 | 120 25| 69 7
15 | Udugama 15| 18706 6880 Bas4? 204 | 152 6 23 2
16 | Hiniduma 16 | 447718 { 12187 38305 | 340 113 4| 20
17 | Kamburupitiya 17 | 44843 47345’%108 1556 | 191 38| 78| 10
18 | Deniyaya 18- 48467 | 14003/ 53845+ 450 | 144 6| 19 3
19 | Tangalle = 19 | 42296 | 25203 | 112947 679.| [155 57| 125| 10
20 | Point Pedra” = 20| 35042 | 38437 | 13837 | 1018 | 102 11| 38| 10
21 | Thelippalai™ 21| 17936 | 27049 | 40163 181 eat> 8| 24| 7
22 | Chavakachcheri 22| 12609 | 18898 | 94961 202| 52 11| 15 5
23 | Kaluwanchikudy 23| 22481 | 3076 | 112938 5364 98 9| 3 6
24 | Vaachchanai 24 | 16787 | 14543 |, 97898 876 | 82 5| 19 3
25 | Dehidftakandiya 25 | 18765 | 141666: 10660 519y 492 31| 36| 10
26 | Mahagya 26 | 9259 | [8507 L' 80350 210 | 93 5 8 3
27 | Pothuwil 27| 8801 | 4727 | 43047 567 | 484 4| 12| 4
28 | Akkaraipattu 28 | 172284 16645 | 77851 561 | 108 234 s 23 3
294 |EK almunai*North 290+ 81075 | 123187 [(877825/1™ 3404 | 11267 B2y @or| 15
30 | KalmunaiSouth 30 f 77561 | 41377 82853 |+ 3292 || 298 53| d16| 14
31 | Samanthurai 31| 9615| 13594 | 91805 389 | 112 9| 29 8
32 | Kantdai 32| 28785 | 17824 | 118886 | 1296 | 170 33| 50 5
33 | Kinniya 33| 12579 | 20847 | 117807 | 1308 | 38 8| 37 5
34 | Kuliyapitiya 34 | 117267 | 117387 | 207452 | 5333 | 429 85| 202| 30
35 | Nikaweratiya 35| 66692 | 48797 | 211189 | 3088 | 299 36| 8| 10
36 | Dambadeniya 36 | 22496 | 24441 | 83826 135 | 169 15| 37| 4
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37 | Galgamuwa 37| 10776 | 24146 96254| 390 | 104 sl 7| a4
38 | Polpithigama 38| 16679 | 24470 | 68593 | 327 | 104 6| 27| a4
39 | Marawila 30| 65029 | 56360 | 99498 | 2116 508| 43| 86| 12
40 | Puttalam 40| 87001 | 81036 | 149684 | 4967 | 354 | 41| 107| 14
41 | Thambuttegama | 41| 20058 26439 | 82958 | 476| 137| 12| 30| 4
42 | Kebithigollawa 42| 5040 | ‘8819 66481 | 224 | 38 6] 8| 1
43 | Padaviya 43 " 21367 | 110954 465508 | . 397 | 142 6| 18| 3
44 | Medirigiriya 44 | 15254 | 29083 [“118617 |_.199 | 199| 13| 19

45 | Diyatalawa 4587610 | 80930 | 178265+4+3325 | 260| 65| 136| 16
46 | Mahiyanganaya a6l 17651 | 17654 | 159798840 | 100| 55| 92| 12
47 | Walimada 47" 21834 | 26485 | 103376 1. 406 | 96 g8| 22| a4
48 | Wallawaya 48 18841 || 18164\ 124972 | 4704, 98 9| 25| s
49 | Siyambalannduwagl® 494" 12089| 13757 | 82899 | 283 | 88 7| 17| a4
50 | Balangoda 80 | £75794 | 707024 150159, 2689 fae7| 45| 97| 1
51 | Embilipitiya suf| 147097 | =67384 | 129184 |\ 4779, 283| 65| 148| 17
52 | Kahawatta 52 |/ 37978 ["58079 | 166028 739 162| 17| 56| 9
53 | Kalawana s3ll 48817 | 15096 | 63834 | 254 | 74 5| 17| 4
54 | Karawandlla 54 | J8es3s|i 551890 141335 | 4829 179| 45| 91| 8
55 | Mawanella 55 || 639564« 550161100914 | 1093 | 210| 48| 100| o
56 | Warakapola 560 287220 41914/ 443900 | 126 | 102| 12| 36| 5
57 | Avissawella 1| 122689 | 131032 | 288205 | 4303 | 519 | 172| 289 24
58 | Homagama 2 | 443084 | 123666 | 210652 | 3036 | 320 | 111| 205| 22
59 | Watupitiwela 3| 121045 | 175043 | 272334 | 4571 | 514 | 143| 273| 26
60 | Kiribathgoda 4-F 33434 | 24399 | /1087474 14 5| 9| 15| 2
61 | Meerigama | 5| 18475 | 33861 | 95882 | 28| 45| 11| 22| 4
62 | Horana 611412501 80782-|-2 3748 —8fii— 443 | 101 | 248| 25
63 | Panadura - 7| 81787 | 121988 | 323475 | 4009 |-373| 90| 136| 29
64 | Pinbura 8| 14985 | 13456 | 58262 | 14 | 137 7| 20| 3
65 | Theldeniya 9| 14930 | 34535 | 77172 | 173 18| 11| 13| 2
66 | Dambuila 10| 37951 | 62345|130998 | 3433 | 234| 61| 120| 16
67 | Hettipola 11 |, 21958 | 16204460782, |+ 276+, .88 7| 25| 3
68 | Rikillagaskada 12 | 18838 | 30767 | 179412 | #3102 | [135 3| 10| 2
69 | Balapitiya 13 | 1035007| 56767 | 110534 | 3650 | 344 | e8| 152| 14
70 | Elpitiya 14| 294854 28546 | 156251 661 | 155| 26, 71| 8
714 +Ydugama 1504 100231| 746455 [150672 4% 1407 | 4 30 6 p23| 2
72 | Hiniduma, 16 ) 6783 | 11345/ 40368 | 288 || /" 15 2l 18| s
73 | Kamburupitiya 17| 44843 | 52345 | 112460 | 1622 | 191| 36| 87| 12
74 | Deniyaya 18| 18392 | 15345 | 54321 | 450 | 144 7| 20| 2
75 | Tangalle 10| 42296 | 26456 | 129698 | 2425 | 201| 57| 125| 10
76 | Point Pedro 20| 35042 | 39765 | 102335 | 828 | 279| 13| 43| 15
77 | Thelippalai 01| 17230 | 26456 | 79256 | 160 | 104 8| 24| 7
78 | Chavakachcheri 22| 13123 | 4534 | 100349 | 162 | s2| 11| 14| 4
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79 | Kaluwanchikudy | 23| 22481 | 16445 | 126015| 565 | 116| 11| 48| 7
80 | Valachchanai 24| 12076 | 2123| 104258 | 1132 | 93| 12| 32| 9
81 | Dehiattakandiya | 25| 12837 | 9865 |122715| 3293 | 92| 31| 36| 10
82 | Mahaoya 26| 8234| 5123| 70285 | 238 | 55| 6| 7| 2
83 | Pothuwil 27| 7859 16234 | 123987 | 2342 | 484| 3| 13| 2
84 | Akkaraipattu o8 | 17228 | 125651 | 419101 | 56 | 108| 23| 23| 3
85 | Kamunai North | 29| 81075 | 43556/ 464067 | 1384 | 267| 44| 138| 19
86 | Kamunai South | .30 | 77561 | 12746 | 86809 | 2600 | 304| 62| 142| 15
87 | Samanthurai 318694 | 18180 | 8200841421 | 123| 6| 22| 5
88 | Kantdlai 82" 23785 | 22345 | 800AT w6734 170| 33| 50| 5
89 | Kinniya 38" 44058 | 119735 | 94643 | 824 | 146| 8| 11| 5
90 | Kuliyapitiya 34/l 107267 49773 188191 | 6776w 440 | 39| 222 | 32
91 | Nikaweratiya 354 66692 26455 | 207717 | 2944 | 322| 46| 101| 16
92 | Dambadeniya 86 | /21858 | 25345/ 86840 1203 [ ae9| 15| 42| s
93 | Galgamuwa 37| 41345 23434 | 79562 | . 384 108| 9| 18| 4
94 | Polpithigama 88 |/ 15938 ["58346 | 64458 | 422 | 98 7| 2| a4
95 | Marawila 39l| 65929 | '82657 | 108243 | 2196, | 394| 58| 117| 16
96 | Puttalam 40 | (87001 26968 136616 | 5964 | 347| 10| 114| 17
97 | Thambuttegama | /41 | 209584 8994| 02828 | 543 | 136| 19| 40| 8
98 | Kebithigollawa 420 1063702 120851 50801 | 346 | 26| 10| 14| 2
99 | Padaviya 48| 22859 274564 68403 | 2838 | 142 7| 18| 4
100 | Medirigiriya 44 | /15954 | ‘79845 (110548 | 253 | 110| 18| 31| 5
101 | Diyatdawa 45| 87610 18007 | 164041 | 3563 | 292| 73| 158| 18
102 | Mahiyanganaya | 46- 123465 | 27015186202 4280 | 269 | 73| 98| 14
103 | Walimada 47 | 22058 | 17565 | 120660 | 593w.| filo| 16| 28| 6
104 | Wallawayd = 48-—10584-—3545-1-123060-—4i3—4=108 | 9| 25| 5
105 | Siyambalanndlwa | 49 | 12958 | 71454 | 69819 | 162 |87 7| 19| 4
106 | Balangoda || | 50| 75794 | 68732 | 146781 | 2649 | 195| 49| 116 13
107 | Embilipiiya =~ | 51| 117007 | 57345 | 140304 | 5313 4 214 | 62| 190| 17
108 | Kahawatta 52 | 37978 | 15398 | 162887 | 710 | 161| 21| 65| 10
109 | Kalawana 53 |, 16849 | 55987166182, |4 222, 68 . 4| 19| 5
110 | Kafawandlla 54 | 88535 | 57345 | 135445 | 2569 | (255 | .| 63| 115| 10
111 | Mawenella 55| 63056 | 43544 | 191491 | 2089 | 248| 11| 19| 11
112 | Warakapola 56 | 287224 35380 | 145380 289 | 131| 21), 38|
113, [ Avissawelta 14-128869)| 140798, |2510534%, 4068 | p519.4, 172, @89 | 15
114 | Homagama 2 | 98403 | 128678| 239952 || 3305 | /337 | (11| 205| 22
15 | Watupitiwela 3| 133374 | 165932 | 203000 | 4745 | 562 | 116| 272| 28
116 | Kiribathgoda 4| 10497 | 22582 | 122074 1| 8| 9| 2] 3
117 | Meerigama 5| 21469 | 30891 | 112059 2| 43| 13| 37| 5
118 | Horana 6| 116393 | 88095 | 235179 | 3798 | 460| 96| 266| 28
119 | Panadura 7 | 130007 | 138856 | 364796 | 3422 | 369| 126| 227 | 31
120 | Pinbura 8| 17082 | 15153 | 63693 0| 145| 8| 27| 2
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121 | Theldeniya 9| 14053 | 39848 | 84378| 174| 118| 15| 29| 5
122 | Dambulla 10| 76810 | 74493 | 160061 | 3781 | 219| 41| 130| 18
123 | Hettipola 11| 12498 | 10004 | 71626| 119| 82 7| 28| 4
124 | Rikillagaskada 12| 27006 | 29602 | 84248 | 180| 135| 14| 51| 4
125 | Balapitiya 13 | 1140001 52896 | 134475 | 4159 | 363| 53| 172| 15
126 | Elpitiya 14 | 37056 | 42339 | 456482 | 1334 161| 31| 95

127 | Udugama 15 | 20491 | 63104 462280 | . 152 | 152 7| 26

128 | Hiniduma 16 | 12387 | 16986 [*58997 |w239 | 73 8| 24

129 | Kamburupitiya 1744413 | 59400 | 148302544 | 101| 41| 87| 12
130 | Deniyaya 189753454 | 8866 | 61060 4l | 144 9| 27| 3
131 | Tangalle 10" 68587/ /74131 | 136110 | 2085 | 188| 53| 134| 17
132 | Point Pedro 20 33143| 52890101435 | 720 282| 13| 43| 12
133 | Thelippalai 214" 22800| 38311 | 74577 ) a0nf 104 8| 26| o9
134 | Chavakachchei 90 |4 9918 | 229364 98030 w44 46 5| 14| 5
135 | Kaluwanchikudy | 23/ 25331| 10866 | 122694 | = 440| 120| 11| 48| 7
136 | Valachchanai 24 | 29986 |"1959% | 105399.| 876 95| 13| 36| 9
137 | Dehiattakandiya 4 25| 78123 | 45538 | 123007 | 1067 | 156| 42| 63| 14
138 | Mahaoya 2% | f131414. 82574 s1231| 139| 70| 13| 21| s
139 | Pothuwil 27 I 7000« 1128450862 w41 | 45 6| 17| s
140 | Akkaraipattu ogll 985212 130054 452505 [ 1536 | 61| 23| 82| s
141 | Kalmunai North 20| 75985 | 54351 | 139835 | 2087 | 335| 40| 145| 20
142 | Kalmunai South | /80 | / 76876 | 45555 | 100535 | 3235 | 336| 58| 143| 16
143 | Samanthurai 31| 406 9211 8903| 272| 123| 10| 25| 6
144 | Kantalai 32 36912 | 2658411392484 1323 | 219| 40| 90| 11
145 | Kinniya | 33| 19404 | 19452 | 144149 | 1330 fic9| 13| 18| 5
146 | Kuliyapitiya.” 34-1-110918-1-128112--106873-—5663-1 437 | 87| 217| 34
147 | Nikaweratiya 35| 78060 | 59073 | 220220 | 2077 |~a22| 51| 111| 17
148 | Dambadeniya 36| 40328 | 33301134933 | 454 157| 30| 68| 8
149 | Galgamuwa ~~ | 37| 12788 | 26309 | 81111 | 2654 118 7| 36| 4
150 | Polpithigama 38| 16180 | 25528 | 70501 | 453 | 108 5| 31| 4
151 | Marawila 39 |, 62840 | 644901129325 | 2086,| .394 6| 8| 1
152 | Puttalam 40 | 'o2231 | 76598 | 133145 |~ 5923 | (348 | | 37| 120| 17
153 | Thambuttegama | 41| 20727 28162 | 114714 | 667 | 212| 13| 43| 9
154 | Kebithigollawa 42| 35044 11002 | 66745). 218| 38| 11, 13| 2
155, |-Padaviya 434 27246)| (10977 | 665314, 208 | ;4L ol 0| 6
156 | Medirigitiya 44 | 37662 89340 115582 |0 107 |91 | | a4l 24| 7
157 | Diyatalawa 45| 06527 | 96063 | 173881 | 3384 | 310| 57| 142 22
158 | Mahiyanganaya 46| 77100 | 124862 | 178749 | 3982 | 265| 52| 3| 20
159 | Walimada 47| 20087 | 48808 | 105572 | 307 | 98| 16| 49| 7
160 | Wallawaya 48| 19613 | 23624 | 128931 | 400| 111| 10| 28| 5
161 | Siyambalannduwa | 49 | 10873 | 13193 | 65385 104 81 8 18 5
162 | Balangoda 50| 76742 | 64613 | 164010 | 2478 | 195| 43| 112| 12
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163 | Embilipitiya 51 | 124473 | 87803 | 151948 | 5631 | 214 66| 192 | 19
164 | Kahawatta 52 | 45876 | 28126 | 166175 504 | 161 20| 51| 8
165 | Kalawana 53| 18633 | 16780 | 81646 273 | 63 71 22| 4
166 | Karawanella 54 | 123160 | 75270 | 151151 | 2848 | 292 65| 126| 13
167 | Mawanella 55 | 79 ' 7| 2322| 253 64| 132| 13
168 | Warakapola 56 | 255 | 138 23 42 7
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