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Improving the technical efficiency of public ===

health centers in Cambodia: a two-stage data
envelopment analysis
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Abstract

Background Cambodia is undergoing a series of reforms with the objective of reaching universal health coverage.
Information on the causes of inefficiencies in health facilities could pave the way for a better utilization of limited
resources available to ensure the best possible health care for the population.

Objectives The purpose of this study is to evaluate the technical efficiency of health centers and the determinants
for inefficiencies.

Methods This cross-sectional study used secondary data from a costing study on 43 health centers in six Cambodian
provinces (2016-2017). Firstly, the Data Envelopment Analysis method with output-orientation was applied to cal-
culate efficiency scores by selecting multiple input and output variables. Secondly, a tobit regression was performed
to analyze potential explanatory variables that could influence the inefficiency of health centers.

Results Study findings showed that 18 (43%) health centers were operating inefficiently with reference to the vari-
able returns to scale efficiency frontier and had a mean pure technical efficiency score of 0.87. Overall, 22 (51%)
revealed deficits in producing outputs at an optimal scale size. Distance to the next referral hospital, size and quality
performance of the health centers were significantly correlated with health center inefficiencies.

Conclusion Differences in efficiency exist among health centers in Cambodia. Inefficient health centers can improve
their technical efficiency by increasing the utilization and quality of health services, even if it involves higher costs.
Technical efficiency should be continuously monitored to observe changes in health center performance over time.

Highlights

« A total of 41% of the sample health centers were identified as technically inefficient with the potential to increase
their output capacity.

- With the given financial resources of health centers, a 13%-increase in service delivery would be possible.

- Substantial efficiency gains could be generated by improved utilization and increased quality of health services.

- Technical efficiency of health centers in Cambodia will improve if quality of services, organizational and health center
management are strengthened.
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Background

Cambodian health policy has focused strongly on imple-
menting health sector reforms, including its financing
mechanisms, to improve the quality and reliability of
healthcare provision, and to develop human resource
capacity to achieve universal health coverage (UHC) [1,
2]. The public health sector aims to ensure equitable and
affordable access to healthcare for all citizens, although
institutional capacity and quality of care is still in devel-
opment and health care services are largely sought at
private care providers [1, 3]. Out-of-pocket payments
continue to be the major source of funding for health-
care, leading to further impoverishment, inequity, and
restricted access to health care services [2, 4].

Nevertheless, considerable progress has been made,
particularly in the delivery and uptake of preventive ser-
vices. However, little attention has been paid to the cost
of health services and its utilization in relation to finan-
cial and capital inputs. More recently, the country’s pub-
lic health strategy aims to increase the cost-effectiveness
of health services in order to finance public health facili-
ties without relying on donor contributions [2]. Simul-
taneously, Cambodia is transitioning to a new health
financing system with the launch of its 2016—2025 Social
Protection Policy Framework, which aims to protect
poor and vulnerable groups by building the infrastructure
necessary for ensuring efficiency and social sustainability
in the future. Also, the recent SARS-CoV-2-pandemic
has been a stress test for public finances, revealing the
importance of resilient health financing systems and cri-
sis preparedness against rapid disease transmission [5].

As financial and healthcare staff resources are scarce,
inefficiency in the provision of healthcare services can
lead to or result from misallocations [6]. The World
Health Organization estimates that on average 20 to 40%
of national health expenditure could be saved through
efficiency gains, achieved by reallocating resources,
health workforce, infrastructure and health services
according to the actual needs [7, 8].

In economic theory, production units that produce
maximum output with a limited set of given inputs are
defined as operating on the maximum production fron-
tier line, also described as "technically efficient” [9, 10].
When applying microeconomic production theory con-
siderations, a “production process” of a healthcare facil-
ity (unit) can be divided into input and output categories
[11]. Potential inefficiencies of a healthcare facility can
then be assessed by analyzing the use of inputs to pro-
duce the output. In this way, inefficiencies in healthcare
facilities can be identified and corrected through better
use of available (limited) resources, ultimately to provide
the best possible healthcare to the population [8, 12].
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This study aims to evaluate the technical efficiency of
43 health centers in Cambodia and the determinants for
inefficiencies. Technical efficiency describes the ability
of a production unit to maximize its output when only a
certain amount of available input resources are available
[13]. We wanted to understand if there are differences in
technical efficiency among health centers in Cambodia,
to estimate the magnitudes of output increases and/or
input reductions that would have been required to make
relatively inefficient health centers efficient, and to iden-
tify which factors could be a predictor for preventable
inefficiencies. We also wanted to understand, if there are
differences in technical efficiency between two types of
health centers: health centers ‘with’ and ‘without’ beds.

To our knowledge, no study has yet addressed the
question whether or not health centers in Cambodia
operate at optimal scale levels (the ability to generate the
most outputs per input), nor has relative productivity on
the health center level been evaluated [14—17]. A recent
study to assess technical efficiency of public health ser-
vices in Cambodia at the provincial level confirmed the
underutilization of health services [17].

In recent decades, a considerable amount of literature
on benchmarking and efficiency assessment techniques
such as Data Envelopment Analysis (DEA) has been
published to shed light on the different levels of health
sector performance [9, 14, 18-23]. DEA method was
chosen because it is best suited to estimate the technical
efficiency of health centers, which typically use multiple
inputs (for example budget or human resources) to pro-
duce multiple outputs. By calculating efficiency scores for
each health center it is possible to make relative compari-
sons with the other units in the sample.

However, DEA literature on individual primary care
health center performance is limited and has been con-
ducted mainly in sub-Saharan African countries rather
than in the Southeast Asian region [20, 24—28].

Methods

Study setting

Cambodia has an estimated population size of 15.6 mil-
lion and is classified as a lower-middle-income coun-
try [29, 30]. About 14% of the population live below the
national poverty line [29]. The national public health
system is made up of health centers (with and without
beds), and referral, provincial and national hospitals, cat-
egorized according to their functional complexity. The
public primary sector focuses on the management of
communicable diseases and maternal and child health in
the impoverished population [31]. Health centers with-
out beds consist of 10-12 healthcare workers covering an
area of 5,000 to 20,000 people [3, 32]. They provide initial
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consultations and primary diagnosis, emergency first aid,
chronic disease care, maternal and child care, immuniza-
tion, health education and referrals [3]. Health centers
with beds have larger departments and supplementary
medical equipment, but generally include a similar set of
health services plus limited inpatient care. In this study,
we focused on health centers, with and without beds,
within the public sector. To allow comparison between
the two different types of health centers in the sample, we
excluded costing data on inpatient services.

Study design and data collection

This cross-sectional study used secondary costing data
collected by Jacobs et al. [33] during 201617, to con-
duct a two stage DEA efficiency evaluation model. The
study sample consisted of 43 health centers. Health cent-
ers belonged to six provinces: Kampong Thom, Kampot,
Kampong Chhnang, Kampong Cham, Takeo, and Bat-
tambang. Only one health center with beds was selected
per province. Costing and price data were collected in
USD (2017) currency, using a fixed exchange rate of
KHR4,000 to US$1. The methodology to collect costing
information has been described elsewhere Jacobs et al.
[33]. Health center quality score data was gathered for
the whole sample from the Cambodian Health Quality
Improvement Project [34]. For the first stage of the DEA
analysis, a data set for all health centers was compiled
to build the main input and output variables, including
the expenditure sections of personnel, assets, medical
stores, buildings, and health center production costs.
For the second stage analysis, additional spatial data was
retrieved from the open data website “Open Develop-
ment Cambodia” [35].

Data analysis

Firstly, the DEA method with output-orientation was
applied to calculate technical efficiency scores by select-
ing multiple input and output variables. Secondly, a tobit
regression was performed to analyze potential explana-
tory variables that could influence the inefficiency of
health centers.

DEA framework
DEA is a non-parametric linear programming method
for evaluating the relative technical efficiency in eco-
nomics and applies Farrell’s production theory [13] on
technical efficiency of production units, also called deci-
sion-making units (DMUs), using the benchmarking of
constant and variable returns to scale as an optimization
method [14, 36]. In this study, DMUs are health center
units under study in the first stage analysis.

DEA measures technical efficiency using econo-
mies of scale assumptions, either constant returns to
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scale (CRS) or variable returns to scale (VRS). In CRS
models, the optimal mix of inputs and outputs for
the production efficiency frontier line calculation is
anticipated independently of the economies of scale
of operation [24]. Overall, technical efficiency for each
sample health center is measured with reference to
the best practice DMUs, with the objective to achieve
optimal technical efficiency [36]. VRS models estimate
the “pure” technical efficiency, assuming that not all
health centers operate at optimal scale [37]. Central to
the VRS model assumption is that health centers oper-
ate either on increasing, constant, or decreasing return
to scale levels [38]. When a health center indicates
increasing returns to scale (IRS), a one percent rise
on the input will be followed by more than a percent
rise in output performance. In contrast, a health center
operating on decreasing returns to scale (DRS), would
exhibit congestion with a lower proportionate increase
of one percent in the outputs, caused by a one percent
rise in the input resources, as shown in the example of
point C in Fig. 1.

First stage

Output-orientation was applied, which states that DEA
model calculations are guided by how much additional
outputs can be produced if the input side remains con-
stant because a health center can better control its inputs
than its outputs [14, 39]. In the Cambodian case, input
categories are fixed with labor, medical supplies (stores)
and other infrastructural costs, as those are largely allo-
cated centrally by the Ministry of Health. Health center
managers have no control over the size and scope of the
health centers they manage, which is why output orienta-
tion was ultimately chosen.

According to Charnes et al. [40] technical efficiency
of a DMU is defined as the maximum of a ratio of the
aggregate weighted outputs against the aggregate of its
weighted inputs, under the condition that the similar
rates for each DMU (health center) are less than or equal
to 1, expressed in the following term:

Technical Efficiency = ( Weighted sum of health center outputs)

Weighted sum of health center inputs

Any health center scoring 100% is regarded as tech-
nically efficient and a score below 100% is regarded as
technically inefficient. The following DEA model term
determined weights p , for outputs and v ; for inputs
entirely from the input and output data of those DMUs in
the peer group, so as to maximize the efficiency rating of
a health center being evaluated [38]. DEA efficiency com-
putation with multiple inputs and outputs for j health
centers is assumed as follows:
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Fig. 1 Figure describes two technical efficiency production frontier models for health centers, namely with constant returns to scale (CRS)
and variable returns to scale (VRS) assumption. Most productive scale size is in point B. X-axis: Input-variable ‘personnel expenditure (USD); Y-axis:

Output variable ‘Number of outpatient department visits’
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The optimal set of weights is represented with u |
for output and v ; for input. y,; is the amount of out-
put r and the amount of input i for the DMU ;. Each
health center is using inputs x; to produce a set of
health center outputs y,;. The relative efficiency score of
a given health center (6,) can be acquired by resolving
the output-oriented CRS linear programming model
following Charnes et al. [40].

To test for the robustness of the DEA technical
efficiency measures, we conducted jackknife analy-
sis method following Jehu-Appiah et al. [25] to assess
extreme outliers by omitting one observation at a time.
The efficiency scores obtained were robust as indi-
cated by Spearman rank correlation coefficient, which
was very close to one. Accordingly, we also omitted
all six health centers with beds and retained all other
37 health centers without beds to observe any major
changes in the DEA technical efficiency measures.

ur,v; > 0 for all r and i.

For each health center in our sample, the scale effi-
ciency (SE) value is calculated, which indicates the “(...)
loss from not operating at an optimal scale size” [37].

QCRS
SEy = VRS

Scale efficiency is a measure describing “(...) the ability
to get the most outputs per input” [37] by comparing an
average product of a health center “X” to average prod-
uct at the technically optimal point (see also Fig. 1). A
scale efficiency value below 1 (lower than SE, =1 (100%))
explains how much a DMU could expand its output
or input (in percent) until it reaches optimal scale size
(SE,=1 (100%)) relative to the CRS frontier line [38].

To determine what amounts of input reductions and/
or output increases would be required to make the indi-
vidual technically-inefficient health center efficient,
DEA-generated weights of each of the health centers
in the efficiency reference set used to identify an indi-
vidual health center’s inefficiency must be multiplied by
the actual outputs and inputs of each reference health
center [41]. After multiplying the output and input val-
ues with the DEA-generated weights, the slack values are
summed, and the results then compared to the health
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center’s outputs and inputs. Following Ozcan [38], target
input values are calculated by subtracting the slack value.
Target outputs are then calculated by multiplying the effi-
ciency score and adding an output-specific slack value,
where applicable.

Efficient targets for inputs and outputs in the output
oriented VRS model were calculated as follows:

’
. —_— . —* ;] —
Inputs : x;) =xjo —s;  i=1,...m

Outputs : y,, = ¢y +5,* r=1,...s.

First stage dataset

We selected input and output variables based on previ-
ous research conducted on this subject [9, 14, 16] and on
a robustness evaluation following Valdmanis [42] vari-
ety testing of alternative input—output variables. Conse-
quently, we selected the following variables:

« Inputs

o Personnel cost of health center: cost of staff per
annum in US$
o Medical stores: cost for drugs, medical materials
and vaccine per annum in US$
o Other expenditure: cost of all other resources
(depreciation of equipment, vehicles and buildings;
all other running expenditure) per annum in US$
o Health center size: Measurement of size of health
center in m?

» Outputs

o Number of outpatient department visits: Number
of visits in the general consultation department per
annum

o Number of other patient contacts: Number of

visits in all other departments (maternity, family

planning, prevention, chronic diseases) per annum
o Quality score of health center: Overall quality
score of each health center for diagnoses and treat-
ment according to national standards (%)

These variables represent the inputs and outputs as
main components of the efficiency formula given above.
It should be noted that salaries and wages for staff of
public healthcare facilities are fixed by the government.
Consequently, they are the same for all health facilities.
Differences in personnel cost represent different num-
bers and/or qualifications of staff. Equally, drugs, medi-
cal materials and vaccines are bought from the central
medical store (CMS), a government institution in the
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capital Phnom Penh, at fixed prices. Consequently, dif-
fering costs are due to differing quantity and quality of
materials. For instance, the frequency of antibiotics pre-
scribed differs between public health centers as a major
component of technical efficiency.

Second stage

In a second stage, we analyzed whether health cent-
ers had some common characteristics that indicated
potential causes for inefficiency or a better utilization of
resources. A tobit regression was performed to deter-
mine whether potential geographical, institutional and
health center-specific factors could be associated with
the (in-)efficiency scores of both constant and variable
returns to scale that were calculated in the first stage
[43—-45]. The tobit regression model solves the normali-
zation and truncation issue by censoring the lower and
upper bounds [38].

Therefore, before running the tobit regression model,
the efficiency score value 6 had to be converted to an inef-
ficiency score 6 to obtain a continuous, left-censored var-
iable at zero that can be used in a tobit regression model:

~ 1
Transformed Inefficiency score 6 = (6) -1

The tobit model equation is expressed as:
Yi = Po+ Bix1 + Boxo + - + Buxn + &

For this, we state the overall Y; efficiency score under
the Variable Returns to Scale assumption from the previ-
ous stage for every health center, x, for the explanatory
variables, 8, exemplifies the unobserved tobit coefficient,
and ¢; the error term with the assumption of normal dis-
tribution. Prior to the second stage tobit regression, Pear-
son’s correlation coefficients between all variables were
analyzed.

The finally selected empirical model was:

Y; =Bo + PLOPD + By DIST1 + B3DIST2 + P4BEDS
+ BsPOP + BSIZE+B,QUAL + &;

Second stage data set (predictor variables)

Table 1 provides an overview of the selected variables
for a tobit regression, which were controlled for con-
founding. Table 2 gives a definition of studied variables.
Remoteness of a health facility was approached by meas-
uring the two distance variables ‘Distance of a health
center to the nearest Provincial Hospital (km); and ‘Dis-
tance of health center to nearest Hospital (km)’ Hospitals
in rural Cambodia often can be found in larger settle-
ments (health operational districts), normally also pro-
viding enhanced road access and infrastructure. Distance
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Table 1 Descriptive statistics of explanatory variables for the tobit regression models

Variable Mean SD Min Max
VRS inefficiency score variable 095242 2007258 0 9039168
CRS inefficiency score variable 219885 4216576 0 1.941029
OPD visits per year (2016) 10,514.6 5875.0 2,224 24,551
HC distance to closest provincial referral hospital (km) 31.2076 12.3028 4.165653 63.05392
HC distance to closest referral hospital (km) 11.01142 5.83498 0194614 2486173
Health centers with beds (binary) 3506046 0 1

Health center population coverage (No. of persons) 14,099.67 425245 5678 23,644
Health center size (m?) 2484651 160.2032 108 859
Quality score (%) 64.94954 15.5221 30.93 8747
Abbreviations: CRS Constant returns to scale, HC Health center, OPD Outpatient department, VRS Variable returns to scale

Table 2 Definition of study variables (second stage tobit regression)

Variable definition Definition Measurement

Dependent variable
VRS Inefficiency score (first stage calculation result)
CRS Inefficiency score (first stage calculation result)
Independent variables
OPD visits per year (OPD)

HC distance to closest provincial referral hospital
(km) (DISTT)

HC distance to closest referral hospital (km) (DIST2)

Health centers with beds (binary) (BEDS)
Health center population coverage (POP)
Health center size (m?) (SIZE)

Quiality score (%) (QUAL)

Variable Returns to Scale Inefficiency Score
Constant Returns to Scale Inefficiency Score

Number of outpatient department visits per health
centerin 2016

Distance of health center to closest provincial referral
hospital

Distance of health center to closest provincial referral
hospital

Binary variable indicating health center with beds
Health center population coverage

Size of a health center

H-EQUIP quality score

Score value (range between 0 and 1)

Score value (range between 0 and 1)

Number of patient visits in 2016/2017

in kilometers (km)

in kilometers (km)

1, if health center with beds

in number of persons covered

in square meters (m?)

in percent (%)

measurements were calculated with the geographic
information system software “QGIS” using spatial loca-
tion data and a hub distance-command. Additional vari-
ables included were: the number of OPD visits per year,
a binary variable to distinguish health center with and
without beds, a variable listing the health center popula-
tion coverage (number of persons covered), health center
quality scores (in %) from the Health Equity and Quality
Improvement Project (H-EQIP) and Health center size
(in m?).
STATA version 13 was used for all analyses.

Results

Input and output variables

The sample of 43 health centers had an annual total of
452,128 outpatient consultations (OPD) and 696,882
other contacts (see Table 3). Outputs were produced
at an input cost of US$1,538,568 on staff remunera-
tion, US$1,785,293 for medical stores (medicines, vac-
cines, and medical products) and US$507,389 for other

expenditures. The average annual personnel cost per
health center in 2016 amounted to US$35,781, with a
maximum expenditure of US$72,162. In general, health
centers with beds spent more on human resources, aver-
aging US$50,694 compared to regular health centers
averaging US$33,362, and were relatively large with an
average size of 473 m? compared to regular health centers
at 212 m”.

The input variable “Medical Stores” averaged
US$41,518 per health center. The input variable “Other
expenditure” ranged from US$1,515 to US$37,575.

Technical efficiency

Results from the first stage DEA analysis are presented
in Table 4. Comparing the results in mean and median
shows that DEA efficiency values differ with respect
to the selection between the overall VRS or CRS scale
assumption. 25 (58%) of DMUs were operating at the
VRS efficiency frontier (VRS efficient health cent-
ers), while 18 (42%) were VRS inefficient. Overall, 21
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Table 3 Descriptive statistics of input and output variables for DEA calculation of public health centers in Cambodia (N=43)

Variable Total Mean Minimum Maximum sD
Inputs
Personnel cost of health center (USD) 1,538,568 35,781 20,335 72,162 12,321
Medical stores (USD) 1,785,293 41,518 11,105 84,414 17,685
Other expenditure (USD) 507,389 11,800 1,515 37,575 6,305
Health center size (m?) 10,684 248 108 859 160
Outputs
Number of outpatient department visits in 2016 452,128 10,515 2,224 24,551 5,875
Number of other (non-OPD) patient contacts in 2016 @ 696,882 16,207 2,081 35,548 8,628
Quiality score of health center (%) 65 31 87 15

Abbreviations: DEA Data envelopment analysis, OPD Outpatient department

? Including maternity, chronic, prevention, and others

DMUs are considered as scale efficient, the remaining
being scale inefficient. 16 (37%) health centers encoun-
tered increasing returns to scale and 6 (14%) decreasing
returns to scale. 22 health centers (51%) revealed defi-
cits in producing sufficient outputs from the given set
of inputs at optimal scale size, equaling a 13% efficiency
loss (SE=0.87).

Considering the output orientation of the model and
holding the input side constant, the scale inefficient
DMUs could theoretically produce 13% more output.
The VRS-scale-inefficient DMUs encountered scores
ranging between 60 and 97% with a mean of 86%. Thir-
teen of the 22 scale inefficient health centers (VRS) had
higher pure technical efficiency scores than their cor-
responding scale efficiency scores, indicating that the
input sides of the DMUs were either too large or the
utilization rate and quality scores on the output side
were too low.

Overall, 16 (37%) health centers had increasing returns
to scale while six (14%) had decreasing returns to scale
(DRS) indicating that their outputs increased to a smaller
extent when the input side was increased. According to
DRS logics, two of the largest health centers with beds
would have to reduce their input costs side to attain
optimal economies of scale and move towards scale effi-
ciency. The same scenario applies to two normal-sized
health centers without beds.

Table 5 gives results for a selection of health centers
(12 of 21 inefficient health centers) on how the perfor-
mance of inefficient DMUs of VRS could become more
efficient through targeted input reductions or output
increases, weighted by efficiency reference sets. DEA
outputs include an efficiency reference set with corre-
sponding weights that enable projections from the inef-
ficient target health centers to a composite position of
overall technical efficiency by either increasing health
center inputs and/or outputs.

Scope of output increases/input reductions to improve
efficiency

In total, the avoidable amount of inputs that could have
been saved by approaching the efficiency frontier for
all 21 VRS inefficient health centers was US$204,491
for staff (US$9,738 per health center), US$241,748 in
medical supplies (US$11,512 per health center), and
US$112,297 for other operating costs while maintaining
the current level of outputs (US$5,347 per health center).
Accordingly, the total number of OPD visits would need
to increase by 83,407 (+18%) and the total number of
other contacts by 91,651 (+13%) to bring all health cent-
ers to the VRS efficiency frontier with the current level
of inputs. In addition, quality score improvements of 13%
on average could have been achieved if all inefficient VRS
inefficient health centers (#=21) had been considered
(see Table 4).

Second stage analysis of the determinants of inefficiency
Table 6 gives the results of the two normal-censored tobit
regressions. The CRS inefficiency score was chosen as
the dependent variable for model 1 and the VRS ineffi-
ciency score for model 2. Both tobit regression models
predicting the DEA inefficiency scores from a selection of
explanatory variables are statistically significant
(Prob > x2 = 0.003,df = 7).

In both models the explanatory variables health center
size and quality score are significantly associated with
inefficiency. The positive estimate of health center size is
significant at the 0.001- level, implying that an increase
in building size is inversely correlated with efficiency. The
negative coefficient for quality score is significant at the
0.05-level, implying that an increase in the quality score
results in a decrease of health center inefficiency. In other
words: Investing in quality will increase the efficiency of
public healthcare facilities in the Cambodian context.
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Table 4 Output oriented DEA efficiency scores with constant (CRS) and variable returns to scale (VRS) for input-output-variable mix of
Table 3 descriptive statistics for health centers in Cambodia (N=43)

DMUs (Health center) Efficiency scores Return to scale Reference set (lambda weights)

CRS_TE VRS_TE SCALE

HC 1 1 1 1 0

HC 2 1 1 1 0

HC3 1 1 1 0

HC 4 1 1 1 0

HC'5 1 1 1 0

HC 6 0926516 0944097 0981378 IRS HC 2 (616667); HC 13 (.110347); HC 27 (143388)

HC 7 0.823031 1 0.823031 IRS HC 2 (591709)

HC8 0929980 0970958 0957796 IRS HC 2 (236744); HC 4(258978); HC 27 (350084)

HC9 1 1 1 0

HC 10 1 1 1 0

HC 11 0970534 0972125 0998363 IRS HC 2 (0049712); HC 12 (04238); HC 13 (118779); HC 16 (458219); HC 27
(334716)

HC 12 1 1 1 0

HC 13 1 1 1 0

HC 14 0924828 1 0924828 RS HC 2 (571054); HC 13 (.148609)

HC 15 1 1 1 0

HC 16 1 1 1 0

HC 17 0551434 0595809 0925521 IRS HC 2 (0988419); HC 3 (0833971); HC 5 (107221); HC 27 (297564); HCWB
6 (0087852)

HC 18 0698550 0845348 0826347 IRS HC 2 (42111); HC 33 (222267); HCWB 6 (201971)

HC 19 0608834 0654597 0930089 IRS HC 2 (270345); HC 13 (.0849155); HCWB 6 (299336)

HC 20 1 1 1 0

HC 21 0997646 1 0.997646 RS HC 4(0239438); HC 5 (247834); HC 27 (620256)

HC 22 0570968 0802447 0711534 IRS HC 12 (63266); HC 27 (.170368)

HC 23 1 1 1 0

HC 24 0.893118 0893818 0999217 IRS HC 1 (0106323); HC 27 (876941)

HC 25 0965437 1 0965437 DRS

HC 26 1 1 1 0

HC 27 1 1 1 0

HC 28 1 1 1 0

HC 29 0913396 0975793 0936054 IRS HC 2 (0628929); HC 12 (669898); HC 13 (.102414)

HC 30 0927664 0969734 0956617 DRS HC 3 (0774864); HC 12 (0285018); HC 30 (698273); HCWB 6 (.168323)

HC 31 0.830824 1 0.830824 DRS

HC 32 0.897419 0897419 1 0 HC 1 (0475921); HC 5 (0673381); HC 27 (385181); HC 28 (292933)

HC 33 1 1 1 0

HC 34 0790522 0846834 0933502 IRS HC 13 (470987); HC 36 (0350239)

HC 35 0474630 0525233 0903657 IRS HC 2 (185108); HC 13 (0734652); HC 33 (0057588); HC 36 (0667072); HC
35 (194193)

HC 36 1 1 1 0

HC 37 0.808853 0934671 0865388 DRS HC 13 (125852); HC 36 (291207); HCWB 6 (517611)

HCWB 1 0340017 0658735 0516166 IRS HC 2 (283871); HC 3 (33489); HCWB 6 (0399741)

HCWB 2 0958440 0969113 0.988986 IRS HC 2 (251167); HC 4(146328); HC 27 (571618);

HCWB 3 1 1 1 0

HCWB 4 0592387 0951985 0622265 DRS HC 9 (.178858); HC 12 (.154944); HC 27 (237126); HC 31 (381058)

HCWB 5 0415684 0.770264 0539663 DRS HC 31 (169717); HCWB 6 (60055)

HCWB 6 1 1 1 0
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Table 4 (continued)
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DMUs (Health center) Efficiency scores Return toscale Reference set (lambda weights)
CRS_TE VRS_TE SCALE

Min 0.340017 0.595809 0516166

Max 1 1 1

Mean (all HCs) 0.879319 0.934395 0933356

Median (all HCs) 0.970534 1 0.999217

SD 0.183671 0.120931 0.122314

N 43 43 43

CRS_TE=technical efficiency from CRS DEA; VRS_TE =technical efficiency from VRS DEA; scale (scale efficiency) = CRS_TE/VRS_TE
Abbreviations: CRS Constant returns to scale, DEA data envelopment analysis, DMUs Decision-making units (operating units), HC Health center, HCWB Health center

with beds, VRS Variable returns to scale

Therefore, the assumption that higher quality health-
care would require enormous additional resources so
that the efficiency declines, is wrong.

Distance from the health center to the nearest refer-
ral hospital (Model 2) was statistically significant at 0.5,
implying that longer distances increased inefficiency. A
one unit increase in distance to the nearest referral hospi-
tal increased technical inefficiency by 0.018, while holding
all other variables constant. The second distance variable
(distance of health center to the nearest provincial referral
hospital) was not significantly associated with inefficiency.
The positive coefficient estimate suggests that the ineffi-
ciency score increases with distance from the provincial
hospital, and thus, from the provincial capital. The num-
ber of OPD visits per year was not significantly associated
with inefficiency in both model 1 and 2 nor was the size of
population covered by each health center.

Sensitivity analysis

Only minor efficiency changes were observed in our
DMUs by examining the variety and diversification of
input and output variables. In another robustness testing
the six health centers with beds were excluded for DEA
score calculations to control for effects on the overall
DEA results [46], which produced only minor deviations
in the DEA efficiency scores.

Discussion
This study examined if there is a difference in technical effi-
ciency among a selection of health centers in Cambodia
and estimated the magnitudes of output increases and/or
input reductions that would have been necessary to increase
technical efficiency. In the second stage analysis, coeffi-
cient estimates were identified which could help to explain
the (preventable) inefficiencies in the Cambodian health
centers.

The main study finding of the first stage analysis is that
18 (42%) of 43 of the sample public health centers were
not operating on the VRS efficiency frontier. The average

VRS efliciency score was 0.93 (N=43) out of a total of 1,
scale efficiency score was 0.87 out of a total of 1, and CRS
efficiency 0.87 out of a total of 1.

In the Southeast Asian region, only a few studies have
applied DEA studies measuring the efficiency on a health
facility level. Two DEA studies from the region found an
overall efficiency score 0.76 CRS for Vietnamese hospitals
[21] and an overall VRS technical efficiency score of 0.82
for public hospitals in Thailand [22]. In the present study,
22 health centers (51%) revealed deficits in producing suf-
ficient outputs from the given amount of inputs at opti-
mal scale size, equaling a 13% efficiency loss (SE=0.87).
Since most health centers operated on increasing returns
to scale, the optimal scale size could theoretically be
achieved by increasing the number of OPD visits, other
patient contacts, and the quality of care in health services.

However, it has been argued that public health facilities
have limited control over their outputs, whereby a reduc-
tion in inputs is considered more appropriate to optimize
efficiency [14]. Less than 20% of the Cambodian popula-
tion seek care at public health facilities. Even impoverished
people - who are entitled to fee waivers - do not necessar-
ily pursue care in these facilities [6, 47]. The public health
sector, however, has been forwarded as a means to protect
impoverished people in particular from a costly, unregu-
lated and pervasive private health sector [6, 48]. This leads
to public efforts to determine attributes that will enable bet-
ter utilization of public health services [6, 47]. Therefore,
this study may provide important information to policy-
makers and provincial administration that—with the given
financial inputs—a 13%-increase in service delivery could
be accomplished. For the studied facilities combined, this
would translate in an overall annual increase of 83,407 OPD
consultations (or 1,940 per facility) and 91,651 other patient
contacts (2,131 per health center). In addition, quality score
improvements of 13% could have been achieved when com-
pared to high quality health centers in the sample. Never-
theless, there is a goal conflict between equity, efficiency,
and costs. Higher efficiency might call for a concentration
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Table 5 Efficiency scores, input-output original data and target projections for inefficient health centers according to VRS assumption

(n=12)

Health center Score-VRS Input/output Actual quantity Target quantity Difference Percentage

HC17 0.595809 Personnel cost 27,821 16,576 -11,245 -40%
Stores 33,429 19917 -13,512 -40%
Other expenditure 14,752 5,931 -8,821 -60%
Health center size (m?) 508 87 -421 -83%
OPD visits 8,806 14,780 5974 68%
Other health center visits 6,841 11,482 4,641 68%
Quality of care (%) 47 79 32

HC 18 0.845348 Personnel cost 41,173 27,681 -13,492 -33%
Stores 54,880 38,182 -16,698 -30%
Other expenditure 21,930 8,106 -13,824 -63%
Health center size (m?) 235 172 -63 -27%
OPD visits 18,401 21,767 3,366 18%
Other health center visits 16,081 19,023 2,942 18%
Quality of care (%) 56 66 10

HC 11 0.972125 Personnel cost 32,368 29,136 -3,232 -10%
Stores 33,190 32,265 -925 -3%
Other expenditure 7,013 6,818 -195 -3%
Health center size (m?) 132 128 -4 -3%
OPD visits 2,982 5536 2,554 86%
Other health center visits 17,691 18,198 507 3%
Quiality of care (%) 72 74 2

HC 14 1 Personnel cost 23,024 21,385 -1,639 -7%

(CRSTE: 0.924828) Stores 20,201 17,263 -2,938 -15%

Other expenditure 3,747 3,747 0 0%
Health center size (m?) 150 122 28 -19%
OPD visits 4,726 13,491 8,765 185%
Other health center visits 5,479 10,488 5,009 91%
Quiality of care (%) 47 47 0

HC 19 0.654597 Personnel cost 38,732 20,783 -17,949 -46%
Stores 36,330 23,782 -12,548 -35%
Other expenditure 25,009 6,576 -18,433 -74%
Health center size (m?) 373 147 -226 -61%
OPD visits 11,555 17,652 6,097 53%
Other health center visits 15,234 23,272 8,038 53%
Quiality of care (%) 38 67 29 77%

HC7 1 Personnel cost 20,335 18,522 -1,813 -9%

(CRSTE: 0.823031) Stores 14,649 12,736 -1,913 -9%

Other expenditure 5,764 3,649 -2,115 -37%
Health center size (m?) 162 104 -58 -36%
OPD visits 8,851 13,345 4,494 51%
Other health center visits 2,081 7,060 4979 239%

Quiality of care (%) 41 41 0
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Table 5 (continued)

Health center Score-VRS Input/output Actual quantity Target quantity Difference Percentage

HC 24 0.893818 Personnel cost 27,394 24,336 -3,058 -11%
Stores 40,318 34,625 -5,692 -14%
Other expenditure 8,084 7,038 -1,046 -13%
Health center size (m?) 120 107 -13 -11%
OPD visits 6,207 8,030 1,823 29%
Other health center visits 7,393 12,452 5,059 68%
Quiality of care (%) 77 87 9

HC 22 0.802447 Personnel cost 42,104 28,462 -13,642 -32%
Stores 52,690 30,517 -22,173 -42%
Other expenditure 17,521 10,380 -7,141 -41%
Health center size (m?) 492 115 -377 -77%
OPD visits 6,887 8,582 1,695 25%
Other health center visits 15,093 22,201 7,108 47%
Quiality of care (%) 70 87 17

HC 35 0.525233 Personnel cost 35,549 18,672 -16,877 -47%
Stores 61,822 21,609 -40,213 -65%
Other expenditure 9,948 57225 -4,723 -47%
Health center size (m?) 242 110 -132 -54%
OPD visits 8,895 16,935 8,040 90%
Other health center visits 12,938 24,633 11,695 90%
Quiality of care (%) 34 66 32

HCWB 1 0.658735 Personnel cost 58,114 21,060 -37,054 -64%
Stores 37,100 19,322 -17,778 -48%
Other expenditure 20,147 4356 -15,791 -78%
Health center size (m?) 859 97 -762 -89%
OPD visits 14,396 21,854 7/458 52%
Other health center visits 5910 8,972 3,062 52%
Quality of care (%) 48 73 25

HCWB 5 0.770264 Personnel cost 72,162 29,787 -42,375 -59%
Stores 81,684 46,315 -35,369 -43%
Other expenditure 37,575 11,704 -25,871 -69%
Health center size (m?) 641 210 -431 -67%
OPD visits 10,059 15434 5375 53%
Other health center visits 24562 31,888 7326 30%
Quality of care (%) 62 81 19

HCWB 4 0.951985 Personnel cost 61,787 40,456 -21,331 -35%
Stores Other expenditure 54,937 52,299 -2,638 -5%
Other expenditure 10,318 9,822 -496 -5%
Health center size (m?) 477 231 -246 -51%
OPD visits 7,184 9,380 2,196 31%
Other health center visits 21,834 22,935 1,101 5%
Quiality of care (%) 79 83 4

Abbreviations: CRS Constant returns to scale, HC Health center, HCWB Health center with beds, OPD Outpatient department, TE Technical efficiency, VRS Variable

returns to scale

in fewer health centers. However, this will cause an access
problem for the rural population. Achieving one objec-
tive (efficiency) might challenge the achievement of the

other objective (access for all=equity). Technical efficiency
of one institution might not be identical with system effi-
ciency of the entire society and the effectiveness of the entire
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Table 6 Second stage results from censored tobit regression
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Explanatory variable Model 12 Model 2°
Censored tobit model CRS t-value Censored tobit model VRS t-value

OPD visits per year (2016) -6.78*107% (-0.57) -8.98¥107% (-0.97)
HC distance to closest provincial referral hospital (km) 0.003 (0.65) 0.001 (0.40)
HC distance to closest referral hospital (km) 0.012 (1.25) 0.018* (247)
Health centers with beds (binary) 0.063 (0.32) -0.022 (-0.15)
Population coverage by health center (No. of persons) -436%107% (-0.29) -2.78¥107% (-0.24)
Health center size (m?) 0.002%** (4.17) 0.001** (2.80)
Quality Score (%) -0.009% (-2.36) -0.008** (-2.80)
Constant 0.034 (0.09) 0.155 (0.53)
Sigma 0.30 (0.02) 0.21 (0.04)
Observations summary

Number of observations 43 43

Log likelihood -17.81 -8.87

LR chi2 33.66 (DF=7) 27.07 (DF=7)

Prob > chi2 0.0000 0.0003

Pseudo R2 0.4859 0.6042

Left-censored observations 20 (at thetaCRS <=0) 25 (at thetaVRS <=0)

Uncensored observations 20 18

Right-censored observations 3 (atthetaCRS>=1) 0

Abbreviations: CRS constant returns to scale, HC health center, OPD outpatient department, VRS variable returns to scale

p-value

" p<0.05

" p<0.01

"™ p<0.001

@ Dependent variable representing CRS inefficiency score

b Dependent variable representing VRS inefficiency score

healthcare system might improve by reducing the technical
efficiency of one institution.

The DEA results are reliable benchmarking tools for
policy-makers, providing insights that could better
inform the allocation of scarce healthcare resources and
improve inefficiencies by changing the volume of inputs
and/or outputs [38]. According to DEA calculations,
the scale-inefficient health centers could have saved
US$204,491 in personnel costs, US$241,748 in medical
supplies, and US$112,297 in other operating costs. Since
measures such as staff reductions or salary cuts are not
conducive to sustainable healthcare delivery, reductions
to other input-side costs should be considered if quality
of care and patient safety can be maintained. In addi-
tion, scarce resources, such as personnel, must be used
effectively to improve and ensure overall health system
performance to match costs. The operational district and
health center management therefore have essential roles
to play in allocating and balancing the available resources
in the best possible way [6]. Therefore, a feasible solution

to increase the efficiency of health centers while main-
taining high inputs is to increase service utilization
and, at the same time, to consistently enforce account-
ability to separate the blurred lines between the public
and private health sectors and habits of dual practice
[49]. Health services utilization in Cambodia could be
increased by further reducing the barriers and by enroll-
ing more patients, e.g., by attracting patients through
outreach activities such as preventive home visits [50]. If
utilization of a health center is low, a performance-based
bonus system could motivate health workers to make
home visits, as repeated visits of economically disad-
vantaged patients to health providers distant from their
homes can impose high economic burden [31]. Many
health centers are being provided with motor vehicles.
As non-communicable chronic diseases are on the rise
in the Southeast Asia region, health centers (including
both low and high utilization) may also strengthen their
presence through preventative activities by educating
schools, businesses and factories about chronic diseases,
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tobacco and alcohol abuse risks, or promoting healthy
diets and physical activity [31, 51].

Ozawa and Walker [52] found that the choice of
Cambodian healthcare providers was largely depend-
ing on the patient’s trust and on the perceived qual-
ity of care as well as other factors such as price and
affordability, the availability of medicine, waiting time
and receiving intravenous therapy. Additional incen-
tive programs for health check-ups/screenings could
further increase utilization and increase trust in pub-
lic providers, which would affect healthcare-seeking
behaviors [52]. Since the shortage of nurses in Cam-
bodia will continuously lead to task-sharing between
health workers and family members in the care process,
nurses should be trained in strategies to involve the
patient’s family. Rather than partially excluding families
from the provision of non-medical services, inclusion
and recognition of these services could increase citizen
acceptance and support for public health centers [53].
As the above examples show, policies can go in different
directions to improve the utilization and management
of public health services. The key will be to improve the
performance, reliability, and quality of care, to remove
accessibility barriers, to persuade patients to change
their previous behavior in seeking healthcare, and to
favor public over private providers [49, 54].

This study showed a significant negative association
between better quality health centers and inefficiency in
the second stage of the tobit regression. By incorporat-
ing the health center quality score as a single independ-
ent variable in the second stage sensitivity analysis this
showed to have a strong additional effect on the overall
efficiency score outcomes. As suggested in previous lit-
erature, the incorporation of quality may be a feasible
solution to control for the fallacies encountered in many
previous health sector efficiency studies that only con-
sidered utilization of health services measured by the
number of outpatient visits [14, 16, 20, 25, 41]. Quality
of care indicators also take into account non-quantifia-
ble aspects of health center performance and could also
explain why patient acceptance of health facilities is low
and thus services are being avoided [9, 38, 55]. Similarly,
Korachais et al. [54] found that both perceived quality of
curative services and distance to a health center appeared
to be the real barriers to outpatient services utilization
in Cambodia. Thus, for the health centers in our sample
with both low inefficiency and low-quality scores, health
center management should answer the question of how
to reduce preventable costs while maintaining or improv-
ing quality. To increase both efficiency and quality at
low-performing health centers, staff should continuously
learn from higher-performing peers and engage in pro-
fessional training and health workforce management.
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The location of more distant and remote health cent-
ers could have a critical impact on inefficiency. Results
of the second stage tobit regression show that a greater
distance of health centers to the adjacent referral hospital
was significantly correlated with technical inefficiencies.
One reason for this could be that referral hospitals and
operational district departments have less control over
more distant health centers, so there are fewer routine
checks by administrative bodies resulting in worse health
center and workforce management [6]. This may also lead
to closed health centers during business hours, which
would unreasonably increase the patients’ wait time for
absent staff to arrive [48].

In this study, we assumed that health centers located
in areas closer to urban centers may attract more
patients than more remote centers. This is because
greater distance to a health facility and residence in
rural areas were identified as obstacles for receiving
continuous healthcare in antenatal care provision [56].
Karra et al. [57] also found that relatively short dis-
tances between patients’ homes and healthcare facilities
increased service utilization. With regard to healthcare
seeking-behavior patterns, many patients may also pre-
fer private over public providers because of the shorter
distance from their homes, even if this results in higher
out-of-pocket payments for medical treatments [52, 58].
The assumption of greater distance from urban areas as
a factor of inefficiency was also echoed by a study from
Indonesia by Hafidz et al. [59], which found that the
best-performing health facilities are located in more
accessible areas that offer better infrastructure for trans-
portation and health facilities. Better transportation and
health infrastructure can reduce physical and financial
barriers to accessing healthcare for the poor [54, 59].
Another problem that district governments face in rural
areas is the difficulty of hiring qualified staff, to ensure
the provision of (medical) infrastructure, or control-
ling staff who engage in dual practices resulting in poor
health center performance [49, 56, 59]. This suggests
that improving transport and infrastructure in remote
areas may possibly attract more qualified staff and also
increase accessibility of patients who otherwise would
choose another nearby provider [54]. The introduction
of a public telemedicine program in Cambodia could
be a first starting point, especially considering the local
conditions and low-income settings in remote or hard-
to-reach areas. Telemedicine also proved particularly
useful in many countries that faced contact restrictions
during the Covid-19 pandemic [60, 61].

One other factor for technical efficiency measurement
was health center size (m?). We found several larger-in-
size health centers with and without beds. Particularly for
the inefficient health center with beds, reducing the size
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of the building could improve their efficiency scores, as
building size often does not match the overall output of
health services. Similarly, in a hospital study from Ghana,
Juhu-Appiah et al. [25] recommended that downsizing
a hospital building below a certain threshold should be
considered if the inefficiency of the healthcare facility is
related to a large building size. These findings are also
consistent with the study’s coefficient estimates that an
increase in building size is associated with health center
inefficiency.

The coefficient number of OPD visits per healthcenter
as a measure of health care utilization was not signifi-
cantly associated with the dependent variable. Also, the
coefficient population coverage per health center as a
measure of size of the catchment area per health facility
did not show a significant relationship. The coefficient
was included to examine if the effect of catchment areas
with lower and higher population coverage determines
inefficiency of a health center. However, as Hafidz et al.
[59] shows, population density may be a more important
factor than the number of people covered by a healthcare
facility.

Limitations

Despite the numerous findings, the study has some limi-
tations to be considered when interpreting the results.
First, the data used in this analysis is from 2016-2017.
This is because no further costing study on health
center level has been carried out. It is known to the
authors of this research that a national costing of health
centers was repeated in 2019, but these results were
not published. Consequently, the authors had to rely on
the older data. Since 2017, the service delivery grants
(SDGs) were introduced in Cambodia which provide
more direct financial resources to public health facili-
ties. This is a limitation of the findings of this paper.
However, unofficial communication about the findings
of the 2019 data made it clear that SDGs have a very
limited budget and do not alter the costing results sig-
nificantly. Thus, the data used in this paper is still rep-
resentative for the Cambodian situation of health center
costing.

Second, we did not simulate different DEA mod-
els, although there would be other alternatives, such as
Directional Distance Functions or other inputs/outputs.
The results are rather convincing so that amendments
of the principal assumptions of the paper did not seem
necessary. However, future research might focus more
on the methodological issues and simulate different
models to see the impact of model changes on results. In
this paper, we focussed on the learnings for Cambodia’s
leadership.
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Third, DEA should only be applied to enable rela-
tive comparisons of a particular set of peer units, as the
DEA first stage does not provide any empirically proven
method for measuring efficiency. This makes it chal-
lenging to generalize findings and therefore DEA results
should be interpreted with caution. The DEA values
only reflect a specific set of economic factors in a certain
time frame and completely mask possible individual fac-
tors such as regional circumstances [24]. Many studies,
including this one, therefore try to heal this shortcoming
by conducting a second stage regression analysis [38, 39].

Fourth, even though sensitivity analyses were employed
in this study, the effect of ‘noise’ in the data cannot be
fully ruled out for DEA results [24]. Using a relatively
small sample size, some of the input and output vari-
ables had large ranges of standard deviations and outlier
values.

The inclusion of the number of other patient contacts
as a variable was a necessary concession to perform DEA
calculations using a second health service utilization
variable in addition to the outpatient department visits,
even though undesirable missing values were knowingly
included for some observations. This limitation should
raise caution about the internal validity and generaliz-
ability of this variable, as its impact on efficiency may be
underestimated for some of the DMUs with missing data.
Other studies sought to address external validity using
time-series based DEA methods by processing panel
data capable of measuring efficiency changes over time
[15, 16]. In this way, implausibility in the data could be
identified. However, this approach is highly dependent on
the future availability and accuracy of time series data for
Cambodia.

Conclusion

This study found that there is a wide scope for improv-
ing the efficiency of public health centers in Cambodia.
Cambodia’s public health strategy targets the provision
of effective and quality health services. An important
step towards achieving universal health coverage and
achieving Cambodia’s public health strategy is there-
fore to more rationally allocate health center resources
and increase cost effectiveness, to address health work-
force shortages, and to ensure sustainable public health
financing. In this study, a significant difference in relative
technical efficiency was found in a sample of 43 public
health centers in Cambodia. A total of 41% of the health
centers were classified as technically inefficient facili-
ties (with variable returns to scale) that could increase
their productive capacity, including the quality of care,
by a total of 13%. This study identified greater distances
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between health centers and the nearest referral hospi-
tals, health center size, and low quality of health center
services as potential predictors of preventable ineffi-
ciencies. To address this, (technically) inefficient health
centers must improve their healthcare provision and
quality levels with the given amount of input resources.
By planning for adjustments in all these determinants,
unclaimed resources could be made available to care for
additional patients in need.

Our analysis clearly shows that poor utilization in
some health centers is the main cause of technical inef-
ficiency of these institutions. Overall, there is more
than enough demand for healthcare services to increase
utilization, but many people perceive the quality of
public healthcare as low and therefore avoid these ser-
vices. Consequently, the utilization and the technical
efficiency are low. This problem can only be addressed
by better quality of services, including structural (e.g.,
more and better-trained personnel, friendliness of
staff, improved buildings, availability of equipment and
drugs), process (e.g., lower waiting times) and results
(e.g., treatment success) dimensions of quality. This
investment in improved quality will require additional
resource management, but as Jacobs et al. [33] have
shown, the majority of these costs are fixed, i.e., the
additional investment will pay-off and the technical effi-
ciency will increase by investing in quality of services.

Consequently, the technical efficiency of the public
health system of Cambodia will strongly improve if the
Royal Government of Cambodia strengthens its efforts
to improve quality of services, organizational and health
center management. This includes a continuous monitor-
ing of health center performance over time.

Finally, this study highlights the lack of health eco-
nomic research in Cambodia. We would have pre-
ferred to build our analysis on more recent data, but
the 2016/17 data are the latest available on health
center-specific costing. It is a tremendous challenge
that health policy is frequently based on obsolete data,
particularly in costing. Therefore, there is a need to
establish a routine costing system for healthcare ser-
vices in Cambodia. At the same time, data approval
processes within the government system need to be
expedited so that government health policies are more
evidence-based.
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