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Abstract

Background: Strengthening health institutions increases the productivity of
health spending. Institutions like hospitals which use a large proportion of the
health budget are natural targets for productivity improvements, which need to
be tracked over time to enable corrective action. This paper measure changes in
technical and scale efficiency of hospitals in Uganda, and evaluates changes in
productivity over a five year period in order to analyze changes in efficiency and
technology.

Methods and findings: This was a longitudinal study using five year panel
secondary data. Input and output data were obtained from the Uganda Ministry
of Health annual health sector performance reports for five financial years
(2009/10 to 2013/14) for the 13 public sector regional referral hospitals. We use
Data Envelopment Analysis to estimate efficiency of the hospitals in each financial
year; and Malmquist Total Factor Productivity Index (MPI) to calculate changes
in productivity using STATA 13. Productivity of the hospitals in our sample grew
over the five year period, with significant growth between FY 11/12-12/13 and
FY 12/13-13/14 (P<0.01). The observed average MPI score was 1.049 indicating
that the hospitals on average increased their productivity by about 5% between
each considered period. Growth in productivity was mainly due to technological
progress rather than efficiency improvement. Changes in efficiency across all
the time periods were not significant (P>0.01). Over the five year period, to
become efficient, the inefficient hospitals would need to increase the outpatient
department visits by a total of 2,802,318 visits (19%), deliveries by 36,383 (6%)
and inpatient days by 1,163,652 (10%) without increasing any of the inputs.

Conclusions: The study highlights missed opportunities in providing more hospital
services to additional persons by using the existing health system inputs more
efficiently. There is scope for further improving hospital productivity in Uganda by
focusing on improving hospital efficiency.

Keywords: Data envelopment analysis; Efficiency change; Hospital efficiency;
Malmquist productivity index; Productivity; Technological change; Uganda

Abbreviations: AHSPR: Annual Health Sector Performance Reports; CRS: Constant
Returns to Scale; DEA: Data Envelopment Analysis; DMU: Decision Making Unit;
DRS: Decreasing Returns to Scale; EFFCH: Efficiency Change; FY: Financial Year;
HSSIP: Health Sector Strategy and Investment plan; IRS: Increasing Returns to
Scale; MOH: Ministry of Health; MPI: Malmquist Total Factor Productivity Index
(MPI1); NGOs: Non-Governmental Organization; OPD: Out Patient Department;
PNFP: Private Not For Profit; SECH: Scale efficiency change; TECH: Technical
Efficiency Change; VRS: Variable Returns to Scale
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Introduction

Background

The World Health Organization describes a health system
as consisting of all the organizations, institutions, resources
and people who primary purpose is to improve health [1]. As
key institutions in a health system, hospitals offer a range of
preventive, promotive, rehabilitative and curative health services.

Uganda is served by a healthcare delivery system that comprises
of the public sector, private sector and the non-governmental
organizations (NGO)/private not profit sector. At the apex of the
healthcare delivery system are national referrals hospitals below
which are regional referral hospitals. There is a district health care
delivery system comprising of district hospitals, health center IVs,
llls and health lls, and village health teams. The district hospitals
act as referral centers for the district health care delivery system.
The regional referral hospitals which are the focus of our study,
act as referral centers for several district hospitals within their
catchment area [2].

Essential clinical care is one of the key elements of the Uganda
Minimum Health care package and indeed a major purpose of
any health system. Hospitals are the main providers of essential
clinical care. In the public eyes, hospitals are the “face” of the
health system upon which the public assesses the perceived
quality services provided. Hospitals continue to be major users
of health care resources and contributors to the outputs of
inpatient, outpatient and preventive care.

Hospitals represent a significant proportion of health
expenditures. In Uganda for example, about 26% of total health
expenditure is incurred in hospitals [3]. Thus improvement in
the efficiency and productivity of hospitals may result in large
savings in healthcare expenditures, which could be devoted to
other services such as prevention. Additionally, formulating good
policies and strengthening institutions like hospitals increases the
productivity not just of additional spending but also of existing
spending commitments. Institutions like hospitals which use a
large proportion of the health budget would be natural targets
for productivity improvements. There is thus need to track their
efficiency and productivity over time and to investigate the drivers
of any changes in order to take the required corrective action.

According to Hensher, there are extensive inefficiencies in low
and middle income countries [4]. Causes of these inefficiencies
include failure to minimize inputs used in health service delivery,
use of more costly inputs, operating service delivery at an
inappropriate scale and poor remuneration of health workers that
does not encourage good performance [4]. Such inefficiencies in
the hospital sector could account for up to 10% of total health
spending [4]

The Uganda National Health Policy indicates that efficiency is
currently not well addressed in the way resources are mobilized,
allocated and used [5]. Thus, one of the Uganda Ministry of Health
objectives in the Health sector strategy and investment plan is to
improve the efficiency and effectiveness of health services [6].
For this to be achieved, information on the current level and
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trends in efficiency and productivity of the various health delivery
institutions will be required.

In the African region, DEA has been applied to analyze the
efficiency of hospitals in several countries, for example Namibia
[7], Burkina Faso [8], Ethiopia [9], Nigeria [10], Eritrea [11] and
Uganda [12]. However, only a few of the studies have addressed
productivity growth. This study is intended to add to the growing
body of literature on hospital productivity in various countries for
example Angola [13], Botswana [14], South Africa [15], Canada [16]
Portugal [17], Ireland [18], India [19], China [20], Greece [21], Brazil
[22], Taiwan [23]; and to provide more recent evidence from Uganda
since the last published study used 1998-2003 data [12].

The specific objectives of this study are to: (i) measure changes
in the technical and scale efficiency of regional referral hospitals
in Uganda over a five year period (ii) measure changes in
productivity of the regional referral hospitals over the same time
period and (iii) identify the drivers of any observed productivity
changes during the study period

The study provides evidence that might guide Uganda’s health
policy-makers to design policy and managerial interventions
for achieving their stated objective of improving efficiency and
productivity of health services with a focus on hospitals.

Methods

This is a longitudinal study using five year secondary data (FY
2009/10to 2013/14). We use Data Envelopment Analysis (DEA) to
measure technical and scale efficiency of the individual hospitals
during the study period. Additionally, we use the Malmquist
Productivity Index (MPI) to measure hospital productivity and its
changes over the study period.

Conceptual framework

Hospitals as production units combine multiple health system
inputs (e.g., health workforce, medical products, non-medical
supplies, clinical technologies, beds, building space, ambulances)
to produce multiple health service outputs through a production
process. While the ultimate output of healthcare is the marginal
change in health status, this is difficult to measure in most data
sets, and so intermediate outputs — volume of care (e.g., number
of operations and outpatient visits) — usually become the proxy
study outputs.

Two types of efficiency can be defined; technical and allocate
efficiency. Technical efficiency refers to organizing available
resources in such a way that the maximum feasible output is
produced. In such a situation, no organization can yield a higher
output with the available resources. Allocative efficiency or price
efficiency on the other hand refers to use of the available budget
in such a way that the most productive combination of resources is
utilized taking into consideration the relative prices of resources.
In such a situation, taking into consideration the available budget,
no alternative combination of resources would provide a higher
output [24]. This study focuses on technical efficiency. In the
hospital context, technical efficiency means making the best use
of available health system inputs and the existing technology.

Productivity refers to how much output is obtained from the

This article is available from: http://www.hsprj.com/archive.php
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available resources; it is the ratio of output y (what is produced)
overinputx (the resources used). An example is labor productivity,
where output might be approximated by gross domestic product
(GDP) of a country with input measured in terms of total labor
hours employed in a given time period. Labor productivity is an
example of a measure of single-factor productivity. This study
however focuses on a broader measure of productivity that
includes all of the services produced and accounts for all of the
resources (not just labor) used to produce these services in a
hospital context. This is referred to as multifactor productivity
or total factor productivity (TFP). TFP is thus the ratio of all of
outputs produced over all of the input employed to produce
them.

Whereas productivity simply refers to the ratio of output to
input, efficiency involves a comparison of observed output and
the maximum potential output obtainable from a given input; or
comparison of observed input to the minimum potential input
required producing the output. Equally efficient units may well
have different productivity depending on their scale of operation,
as well as other differences in their production possibility sets.

Data envelopment analysis (DEA)

DEA is a non-parametric, data driven approach that uses linear
programming techniques to compute the efficiency scores for
each decision making unit (DMU) in a data set [25]. Examples of
such DMUs may include hospitals [26]. In a hypothetical scenario
of a hospital using one health system input to produce one
health service output, the efficiency of such a hospital would be
obtained by dividing the quantity of that output by the quantity
of input. In reality, however, hospitals use multiple inputs (e.g.,
Staff, medicines, medical equipment) to produce multiple outputs
(e.g., curative services, preventive services etc.). In this scenario,
the efficiency of the hospitals is expressed as the weighted sum
of health service outputs divided by the weighted sum of the
health system inputs [26]. DEA can be used for such a calculation.

DEA solves as many linear programming problems as the number
of the DMUs in the study sample [27]. In DEA the efficiency of
a DMU (referral hospitals in this case) is measured relative to a
group's observed best practice; the notional ‘production frontier’
representing optimal efficiency. Thus, the benchmark against
which to compare the efficiency of a particular referral hospital
is determined by the group of referral hospitals in the study.
All DMUs lay on or below the ‘production frontier’. DMUs that
are technically efficient lay on the production frontier and have
a score of 1 or 100%, whereas inefficient ones lie below the
production frontier and have efficiency scores of less than 1 (i.e.,
less than 100%).

Besides estimating a hospitals relative efficiency based on its
location on the production frontier, DEA can indicated the returns
to scale being experienced by a hospital. Returns to scale refers to
the quantitative change in output of a firm or industry resulting
from a proportionate increase in all inputs. A hospital manifests
an increasing return to scale (IRS) or economies of scale when
hospital output increases by a larger proportion than the increase
in health system inputs, e.g., when doubling of all inputs leads to
more than a doubling of outputs. On the other hand, a hospital

© Under License of Creative Commons Attribution 3.0 License
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manifests decreasing returns to scale or diseconomies of scale
when a doubling of inputs leads to less than a doubling of
outputs. Alternatively, a hospital can manifest a constant return
to scale (CRS) when a proportionate change in inputs results in
the same proportionate change in outputs.

For our study, we assumed that in reality, there is variability in
returns to scale of the various hospitals in out sample. In order
to allow for that variability, we estimated the linear programming
problem below (1) for each hospital in our sample [27]:

Max E, = > UrYrjo+Uo

S.t. 0 st XS ViXijo=1(I) (1)

M UrYrj — S ViXij +Uo<0, j =1,....N

U,.V,20

The relative efficiency score (E) lies between 0 (totally inefficient)
and 1 (optimal technical efficiency).

Malmquist productivity index (MPI)

There are several productivity measures which explicitly link
efficiency and productivity. We opted to use the DEA-based
Malmquist Productivity Index (MPI) to study efficiency and
productivity changes over the considered period of time for a
number of reasons: it requires information solely on quantities of
inputs and outputs and not on their prices; it does not require the
imposition of a functional form on the structure of production
technology; it easily accommodates multiple hospital inputs and
outputs; and it can be broken down into the constituent sources
of productivity change, i.e., efficiency changes and technological
changes [28].

Thus one of the key insights that the MPI can provide is the
identification of the contributions of innovation (technical
change or shifts in the frontier of technology) and diffusion
and learning (catching up or efficiency change) to productivity
growth. An increase in the efficiency level can be interpreted as
a move by the hospital to ‘catch-up’ with the efficiency frontier.
Improvement in hospital’s health technology shifts the efficiency
frontier upward [29].

We used output oriented MPI because hospitals in our sample
have a more or less fixed quantity of inputs and managers have
more managerial flexibility in controlling outputs. The output-
oriented MPI is defined as the geometric mean of two periods’
productivity indices. The index attains a value greater than, equal
to, or less than one if a hospital has experienced productivity
growth, stagnation or productivity decline respectively, net of the
contribution of scale economies, between periods t and t+1. The
MPI can be broken down into the various sources of productivity
change, namely Technical Change and Efficiency change [30].

Technical change (TECH) is a measure of the change in the hospital
production technology; it measures the shift in technology use
between years t and t + 1. TECH is greater than, equal to or less
than one when the technological best practice is improving,
unchanged, or deteriorating, respectively [31].
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Efficiency change (EFFCH) on the other hand is the change in
the gap between observed production and maximum feasible
production (production frontier) between years t and t +1. EFFCH
is greater than one, equal to or less than one if a hospital is
moving closer to, unchanging or diverging from the production
frontier.

Efficiency change when estimated under the assumption of
constant returns to scale (CRS) can be further broken down into
Pure Efficiency Change (PEFFCH) and Scale Efficiency Change
(SEFFCH).

Scale efficiency change refers to productivity change resulting
from scale change that brings the hospital closer to or further
away from the optimal scale of outputs as identified by a variable
returns to scale technology [30]. Scale efficiency change between
years t and t+1 thus measures changes in efficiency due to the
movement towards or away from the point of optimal hospital
scale. It captures the deviations between the variable returns to
scale (VRS) and constant returns to scale (CRS) technology for the
observed inputs. Scale efficiency change is expressed as a value
of less than, equal to, or greater than one if a hospital’s scale
of production contributes negatively, not at all, or positively to
productivity change. Pure Efficiency Change on the other hand
measures change in technical efficiency under the assumption of
a variable returns to scale (VRS) technology [30].

In conclusion, the computation of Malmquist indices of
productivity growth over a sampled period of time addresses 3
issues: (i) measurement of productivity growth over the period (ii)
decomposition of changes in productivity growth into a ‘catching-
up’ effect (technical efficiency change) and a ‘frontier shift’ effect
(technological change); and (iii) decomposition of the ‘catching-
up’ effect (technical efficiency change) to identify the main cause
of improvement which could be enhancements in pure technical
efficiency or increases in scale efficiency.

Sample and data

For the financial year 2009/10 (base year), there were a total of 13
public sector regional referral hospitals and 4 large private not for
profit (PNFP) hospitals operational in Uganda. These 17 hospitals
are considered regional referral hospitals. This number had risen
to 18 regional referral hospitals in financial year 2013/14 (final
year) with the addition of one public sector referral hospital. Our
study sample comprised of the 13 public sector regional referral
hospitals which were active over the five year study period (FY
2009/10 to 2013/14).

The study used two inputs: (i) total number of health workers (ii)
total number of hospital beds and three outputs (i) number of
outpatient department visits, (ii) number of inpatient days and
(i) total number of deliveries. The choice of inputs and outputs
was based on the published hospital efficiency literature in the
African Region [7-12] and availability of data for all the years
studied.

Data for the 13 public sector regional referral hospitals for the
FY 2009/10 to 2013/14 (5 years) was collected from the MOH
annual Health Sector Performance reports for the respective
financial years (July 1-June 30).
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The data was for the large part complete; missing data on inputs
was filled in by using values from the previous period, whereas
missing data on outputs was filled in by using the average for
all hospitals during the reference period. We were not able to
verify whether all the hospitals had exactly the same standards in
terms of type of services provided, quality of care provided, case
mix, qualification and experience of staff, working schedules,
functional building capacity, hospital technology, etc.

We used STATA 13 to estimate the yearly hospital efficiency and
the Malmquist Productivity Indexes.

Ethical Clearance

This study is entirely an analysis of data from published secondary
sources. Since human subjects were not involved, it did not
require ethical clearance.

Results

Hospital inputs and outputs

Table 1 presents data on the average inputs and outputs per
financial year for the five financial years under study.

The data shows that overall during the five year period, there was
growth in the number of hospitals beds and total staff implying
that the hospitals in our study had experienced some capacity
and scale development. However, overall percentage growth in
total staff was almost twelve times the growth in hospital beds.
Generally, the total number of staff grew by 37% between the
2009/10 and 2013/14 financial year. The overall growth in the
number of hospital beds between FY 2009/10 and 2013/14 was
however low at 3%.

Overall, between the 2009/10 and 2013/14 FY, the total number
of out-patient department visits attended to by the hospitals
grew by 57%; total deliveries grew by 36% while the total number
of inpatient days declined by 6%. However, year on year growth
varied with declines observed in some of the intervening financial
years.

Over the five year period, the hospitals in our study attended
to a total of 8,497,417 out-patient department visits, 327,942
deliveries and provided 6,270,605 in-patient days’ worth of care.
During the five year period, the average hospital had 236 staff,
302 beds and on average provided 653,647 OPD visits, 25,226
deliveries and 482,354 in-patient days per financial year.

Individual hospital technical and scale efficiency

Table 2 presents data on individual hospital technical and scale
efficiency during FY 2009/10 to FY 2010/14. The table shows
individual DEA hospital scores for constant returns to scale
technical efficiency, variable returns to scale technical efficiency,
scale efficiency, and returns to scale.

Over the five year period, there was a general increase in the
proportion of hospitals operating under constant returns to scale
(CRS). This proportion increased from 31% in the FY 2009/10 to
38% the following FY before rising sharply to 62% in the 2013/14
FY. It then declined to 38% the following FY before rising to 46% in
the 2013/14 FY. For these hospitals, their health service outputs

This article is available from: http://www.hsprj.com/archive.php
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would increase in the same proportion as any increase in health
service inputs; these hospitals were operating at their most
productive scale sizes.

Similarly, there was a general increase in the proportion of
hospitals operating under decreasing returns to scale (DRS)
over the five year period. This proportion doubled from 23%
in FY 2009/10 to 46% in FY 2010/11, before sharply declining
to 8% the following FY. It then increased sharply to 46% in the
2012/13 remaining constant during the 2014/14 FY. For these
hospitals, their health service outputs would increase by a
smaller proportion compared to any increase in health service
inputs; these hospitals would have to reduce their size to achieve
optimal scale

In contrast, there was a general decrease in the proportion of
hospitals operating under increasing returns to scale (IRS). This
proportion sharply decreased from 46% in FY 2009/10 to 15% in
the following FY before rising to 31% during the 2011/2012 FY.
It then declined to 15% the following year before registering a
further decline to 8% in the 2013/24 FY. For these hospitals, their
health service outputs would increase by a greater proportion
compared to any increase in health service inputs; the hospitals
would need to increase their size to achieve optimal scale i.e.,
the scale at which there are constant returns to scale in the
relationship between inputs and outputs.

As Table 2 indicates, there were fluctuations in individual hospital
efficiency scores from one FY to the next over the five year study
period. The table also shows the number of times each individual
hospital was on the efficiency frontier over the study period.
None of the hospitals were on the constant returns to scale or
variable returns to scale efficiency frontier all the time during
the five year study period (score of 100%). The highest number
of times an individual hospital was on the CRS efficiency frontier
over the five year period was 3 times, with 2 hospitals (15%)
achieving this. The highest number of times an individual hospital
was on the scale efficiency frontier over the five year time period
was 4 times with 2 hospitals (15%) achieving this. Regarding
Variable Returns to Scale Technical efficiency, one hospital was
on the variable returns to scale technical efficiency frontier all the
time over the study period (scale of 100%). This hospital can be
considered to be the most efficient hospital in our sample over
the study time period. One hospital did not appear at all on either
the Constant returns to scale, variable returns to scale or scale
Efficiency frontier. This hospital can be considered to be the least
efficient hospital in our sample over the study period.

Changes in mean efficiency scores

Figure 1 shows the changes in the mean Constant returns to
scale, Variable returns to scale and scale efficiency scores of the
hospitals in our sample over the five year study period.

Generally, over the five year study period, there was an increase
in the mean Constant returns to scale, and mean Variable returns
to scale efficiency scores; while there was a decline in the mean
scale efficiency scores for the hospitals in our sample. As can be
seen from Figure 1, changes in average Constant returns to scale
and Variable returns to scale efficiency scores mirrored each
other increasing and decreasing in the same time periods.
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The mean Variable Returns to Scale mean technical efficiency
score for the hospitals in our sample declined marginally from
93% in FY 2009/10 to 92% in the 2010/11 FY, declining further
to 85% in 2011/12 FY. It then increased to 96% in the 2012/13
and stayed constant at 96% in the 2013/14 FY. Over the five year
study period, the mean Variables return to scale efficiency score
for all the hospitals in the sample was 92% meaning that if run
efficiently, on average, the hospitals could have produced 8%
more output (OPD visits, deliveries and in-patient days) for the
same volume of inputs.

Similarly, the mean constant returns to scale technical efficiency
score for the hospitals in our sample declined marginally from
89% in FY 2009/10 to 87% in the 2010/11 FY, declining further
to 82% in 2011/12 FY. It then increased to 90% in the 2012/13
and further increased marginally to 91% in the 2013/14 FY. Over
the five year study period, the mean constant returns to scale
efficiency score for all the hospitals in the sample were 88%.

In contrast, the mean scale efficiency technical score for the
hospitals in our sample remained almost constant in FY 2009/10
(95.9%) and FY (95.2%) before increasing slightly to 0.969986 in
FY 2011/12. It then declined to 94% in FY 2012/13 and stayed
constant in FY 2013/14 (94%). Over the five year study period,
the average scale efficiency score for all the hospitals in the
sample was 95%.

Changes in technical efficiency

Over the five year period, there was a general increase in the
number of hospitals that were constant return to scale technically
efficient and those that were variable returns to scale technically
efficient, though the increase in the latter was marginal.

The proportion of hospitals that were Variable returns to scale
technical efficient (Pure technical efficient) increased from 46%
in FY 2009/10 to 54% the following FY before declining in FY
2011/12. This proportion then doubled to 62% the following FY
before increasing slightly to 69% in the 2013/14 FY.

During the 5 year study period, the average pure technical
efficiency score of the sampled hospitals was 92%. This means
that on average, the pure technical inefficient hospitals would
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need to increase their outputs by 8% in order to become efficient.
The lowest individual hospital pure technical efficiency score
registered during the five year period was 46%, registered during
FY 2011/12.

During the 5 year study period, the proportion of hospitals
that were constant returns to scale technically efficient
stayed constant at 31% from for the first three FY (FY 2009/10
- FY 2011/12) before increasing to 38% in the FY 2012/13 and
stayed constant in the FY 2013/14. The average constant returns
to scale technical efficiency score over the five year time period
was 88% meaning that on average the constant returns to scale
technically inefficient hospitals would need to increase their
outputs by 12% to become constant returns to scale technically
efficient. The lowest average constant returns to scale technical
efficiency score registered during the five year period was 45%
during the 2011/12 FY.

Changes in scale efficiency

During the 5 year study period, the proportion of hospitals that
were scale efficient (scale efficiency score of 100%) showed a
general positive trend, increasing from 31% in the 2009/10 FY
to 38% the following FY, before increasing sharply to 62% in the
2011/12 FY. It then declined to 38% the following year before
increasing to 46% in the 2013/14 FY.

The average scale efficiency score over the five year time period
was 95% meaning that on average the scale inefficient hospitals
would need to increase their outputs by 5 % to become scale
efficient. The lowest average scale efficiency score registered
during the five year period was 94% during the 2012/13 and
2013/14 FY.

Scope for output increases

Table 3 shows the total output increases that would have been
needed each financial year to make the variable returns to scale
inefficient hospitals efficient during the five year study period. In
the 2009/10 FY, for example, the inefficient hospitals combined
would need to increase outpatient visits by 828,896 (61%),
deliveries by 1,510 (3%) and inpatient days by 1,320,454 (5%) so
as to become efficient.

Overall, over the five year period, to become efficient, the
technically inefficient hospitals would have needed to increase
the outpatient department visits by a total of 2,802,318 visits
(19%), deliveries by 36,383 (6%) and inpatient days by 1,163,652
(10%).
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Productivity changes

For the calculation of the Malmquist Total Factor Productivity
Index, the FY 2010/2011 was taken as the technology reference
year (t) in order to compute the changes in hospital productivity
over time.

Figure 2 presents the Malmquist index annual geometric means
for the five FYs considered in our study.

Overall, over the five year period, the hospitals experienced
growth in productivity from an average MTFP index score of
1.127 between FY 2009/10 and FY 2010/11 (beginning period
of our study) to an average MTFP index score of 1.384 between
FY 2012/13 and FY 2013/14 (final period of our study). However,
between these two time periods, there was a decline in
productivity with the average MTFP index score declining from
1.127 between FY 2009/10 and 2010/11 to 0.907 between FY
2010/11 and declining further to 0.776 between FY 2011/12 and
FY 2012/13 before increasing to 1.384 between FY 2012/13 and
FY 2013/14.

The average MTFP index score for the sample hospitals during
the study period was 1.049, meaning that overall, the hospitals
experienced improvements in performance during the study
period, increasing their productivity on average by about 5%.
The highest average MTFP index score of 1.384 was registered
between FY 2009/10 and FY 2010/11 while the lowest average
MTFP index score of 0.776 was registered between FY 2011/12
and FY 2012/13.

The proportion of hospitals registering productivity growth
between FYs varied. For example, 54% of hospitals had a MTFP
index of more than 1 between FY 2009/10 to 2010/11 implying
that they experienced productivity growth. This proportion
sharply declined to 23% between FY 2010/11 to 2011/12
and registered a further decline to 8% between 2011/12 and
2012/2013 FY. Between FY 2012/13 and 2013 and 14, all the
hospitals (100%) experienced productivity growth, with one
hospital more than doubling its productivity (MPI score of 2.321).
The observed across the board growth in productivity between
FY 2012/13 and 2013 and 14 can be attributed to the fact that
most of the hospitals (92%) had experienced productivity decline
in the previous period and were now recovering.

Decomposition of productivity growth into
technological and efficiency change

Generally, over the five year study period, changes in the MTFP
index score were driven largely by technological changes rather

Table 3: Total output increases needed each financial year to make the inefficient hospitals efficient during FY 200/10 to FY 2014/14.

OPD Deliveries Patient Days
FY Actual Shortfall % shortfall Actual % shortfall Actual Shortfall % shortfall
2009/10 1,360,125 828,896 61% 53,794 3% 1,320,454 60,704 5%
2010/11 1,526,571 406,021 27% 61,660 5% 1,271,741 - 0%
2011/12 1,580,313 205,400 13% 72,324 16% 1,221,371 1,091,519 89%
2012/13 2,129,102 402,882 19% 73,018 23% 1,235,194 11,429 1%
2013/14 8,497,417 959,119 11% 327,942 1% 6,270,605 - 0%
Total 15,093,528 2,802,318 19% 588,738 6% 11,319,365 1,163,652 10%
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Changes in Efficiency, Technology and Productivity
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Figure 2 Changes in MPI, EFFCH and TECH.
effch-Efficiency change techch-Technical efficiency change
pech-Pure efficiency change sech-Scale efficiency change
\ tfpch (MPI)-Total factor productivity change (Malmquist productivity Index) J

than changes in efficiency. As can be seen from Fig 2, changes
in the MTFP index mirror changes in technology change, except
for the period between FY 2011/12 and 2012/13. In this time
period, in tandem with a decline in efficiency score, the MTFP
index declined despite an increase in the technology score,
implying that the change in productivity was driven by efficiency
change. The increase in productivity between the 2012/2013 and
2013/2014 FY was driven by increases in both technology and
efficiency scores.

Technological changes

Between 2009/10-2010/11 FY, 23% of hospitals registered
technical change (TECH) of less than one, indicating a decline in
technical innovation. This proportion increased to 85% between
FY 2010/11 and 2011/12 before declining to 77% between the
2011/12 and 2012/13 FY. Between the 2012/13 and 2013/14 FY,
all the hospitals registered a technical change score of greater
than one indicating technological growth or progress between
these time periods.

The overall average technology change score over the five year
study period was 1. 031. The hospitals registered technological
improvements in the periods between FY 2009/10 and 2010/11
and between FY 2012/13 and 2013/14 as indicated by a
technological change score of greater than 1. In the rest of the
study periods, the hospitals experienced technological declines
as indicated by a technological change score of less than 1.

Efficiency changes

The overall average efficiency change score over the five year
study period was 1.023. Apart from the period between FY
2011/12 and 2012/13 when the hospitals overall on average
registered a sharp decline in efficiency change (efficiency change

8

score less than 1), the hospitals overall on average registered
efficiency improvements in the other time periods (efficiency
change scores greater than 1). However, the improvements were
not sufficient to overturn the sharp decline in efficiency changes;
thus over the five year period, there was a general decline in
efficiency change. In line with the efficiency decline, there was a
general decline in pure efficiency and scale efficiency change over
the five year period.

The figure for efficiency change may be obtained while assuming
CRS, but in reality hospitals could face scale inefficiencies due
to DRS or IRS. Using the VRS assumption, we decompose the
efficiency change index into pure efficiency change and scale
efficiency change.

Pure efficiency changes

The pure efficiency change (PECH) measures changes in proximity
of hospitals to the frontier, devoid of scale effects.

Over the five year study period, the average overall pure efficiency
change score for the sampled hospitals was 1.012. This means
that over the study period, overall, there was a 1% increase in
hospital efficiency.

The proportion of hospitals registering a pure technical efficiency
increase (pure efficiency change score of greater than one) varied
over the time period. The proportion increased from 31% in
between 2009/10-2010/11 FY to 38% between the 2010/11 to
2011/12 FYs. The proportion then declined to 15% between the
2011/12 to 2012/13 FY before increasing again to 23% between
the 2012/13 and 2013/14 FY.

The proportion of hospitals registering no change in pure technical
efficiency increase (pure efficiency change score of one) declined
from 38% in between 2009/10-2010/11 FY to 31% between the
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2010/11 to 2011/12 FYs. The proportion then increased to 38 %
between the 2011/12 to 2012/13 FY before increasing again to
46% between the 2012/13 and 2013/14 FY.

Scale efficiency change

Over the five year study period, the overall average SECH score
for the entire sample was 1.008, indicating that the scale of
production on average increased efficiency change by about 1
percent.

The proportion of hospitals in which scale of production
contributed positively to productivity change (scale efficiency
score greater than 1) declined from 54% in between 2009/10-
2010/11 FY to 38% between the 2010/11 to 2011/12 FYs. The
proportion then remained constant at 46% between the 2011/12
to 2012/13 FY and between the 2012/13 and 2013/14 FY.

Scale of production did not contribute to productivity growth
(scale efficiency change score of 1) in 15% of the sampled
hospitals between 2009/10-2010/11 FY. Between the FY 2010/11
and 2011/12, none of the hospitals registered a scale efficiency
change score of one indicating that during that time period, scale
of production contributed either positively or negatively towards
efficiency change. The proportion of hospitals in which the hospital’s
scale of production did not contribute towards productivity growth
remained constant at 8 % between the 2011/12 to 2012/13 FY and
between the 2012/13 and 2013/14 FY.

Generally, over the five year period, efficiency change (increase
or decrease) in each individual FY was attributed to an increase or
decrease in both pure efficiency and scale efficiency, except in the
2002/13 to 2013/14 period when efficiency increased in tandem
with an increase in pure scale efficiency despite a decline in pure
technical efficiency.

Significance of changes in productivity, efficiency
and technology over time

To determine if the productivity and efficiency changes observed
between the different time periods were significant, we
conducted an equality of means test using the t-statistic. The
results are shown in Table 4.

The equality of means test of MPl across the time periods indicates
significant changes in MPI scores between FY 11/12-12/13 and FY
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12/13-13/14 (P < 0.01) and thereby reject the null hypothesis of
no changes in productivity over the time periods. It is important
to note that during the time periods with significant changes
in productivity, there were significant changes in technological
change indicating this as the main driver of productivity.

The results show that across the time periods, the changes in
efficiency are not significant (P > 0.01). This confirms the earlier
result that the productivity changes observed in the hospitals over
the time period were not due to efficiency changes. In contrast,
the results show that the technological changes between the
various time periods were significant (P < 0.01) except for the
period between FY 10/11-11/12 and FY 11/12-12/13. This
confirms the earlier result that the productivity changes in the
hospitals over the time period were mainly due to technological
changes.

Discussion

The measurement of productivity in order to evaluate
performance of hospitals within health systems has been widely
applied [13-19,20-23,] and is thus accepted by health economists
as a standard tool for performance tracking and evaluation.
Such performance tracking and evaluation is important to both
policy makers and health administrators. Comparison among
hospitals can for example indicate how the various hospitals
perform relative to their peers and measurement of productivity
over time can help indicate whether productivity is growing or
declining enabling corrective action to be taken.

Accordingly, the purpose of this paper was to assess productivity
growth of regional referral hospitals in Uganda over a five
year period taking into account changes in both efficiency and
technology. We use Malmquist index to measure productivity
changes over the study period.

A key finding from our study is that the productivity of public
sector regional referral hospitals in Uganda grew marginally over
the five financial years covering the period 2009/10 to 2012/14.
The observed average MTFP index score of 1.049 for the sample
hospitals during the study period indicates that the hospitals
on average increased their productivity by about 5% between
each considered period. However growth in productivity varied
between time periods; the initial three time periods of the

Table 4: Test of equality of means of productivity and efficiency changes between financial years.

EFCH TECHCH Pl
. . Sig. . . Sig. . . Sig. . .

Time period t (2-tailed) Correlation  Sig. t (2-tailed) Correlation  Sig. t (2-tailed) Correlation  Sig.
FY09/10-10/11 Vs

FY10/11-11/12 -0.6234 0.5447 -0.5170 | 0.0700 5.4981 @ 0.0000 0.0720 0.8150 1.4194 0.1812 -0.5400 0.0570
FY 10/11-11/12 Vs

FY11/12-12/13 1.4434 0.1745 -0.6730 0.0120 -0.7394 0.4740 -0.7480 0.0030 0.8986 0.3865 -0.5720 0.0410
FY11/12-12/13 Vs

FY12/13-13/14 -1.2825 0.2239 0.0390 0.9000 -4.8060 0.0000 -0.7450 0.0030 -4.6924 0.0005 -0.3980 0.1780
FY 09/10-10/11 Vs

FY12/13-13/14 0.9130 0.3792 0.6420 0.0180 -7.3842 0.0000 0.3680 0.2160 -3.5225 0.0042 0.6350  0.0200
EFCH-Efficiency change;
TECHCH-Technical Efficiency Change;
MPI-Malmquist Productivity Index
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study registered a gradual decline before a sharp increase in
productivity. This sharp increase accounts for the overall increase
in productivity observed.

Our results further indicate that growth in productivity was
especially due to technological progress rather than efficiency
improvement. It is important to note that during the time periods
with significant changes in productivity, there were significant
changes in technological change (P < 0.01) while the changes
in efficiency across all the time periods were not significant (P
> 0.01) confirming technological change as the main driver of
productivity. There is thus, additional scope for further improving
productivity by improving hospital efficiency.

In a broad economic sense, technological change (innovation),
the main driver of productivity growth is related to investment,
i.e., a change in capital stock. Capital accumulation occurs when
organizations invest in more or better machinery, equipment,
and structures that make it possible for them to produce more
output. This shifts the efficiency frontier towards the optimum.
Our results show that during the study period, the hospitals in
our sample experienced technological progress which allowed
greater output. Theoretically, this progress may have resulted
from the application of improved health technologies to health
service production processes; increases in health workforce,
its motivation or skill; or from improvements in health services
organization. The data shows that overall during the five year
period, there was growth in the number of total staff. This suggests
increases in the health workforce as the key technological change
driving the observed productivity increase.

Overall, we observe three combinations of technical efficiency
change and technological change over the five year period based
on the average technical efficiency and technological change
scores:

First, there are two time periods in which improvements in
technical efficiency coexist with improvements in technological
change. These are the periods with improvements registered in
technical efficiency, denoting upgraded organizational factors
associated with the use of inputs and outputs, as well as the
relationship between inputs and outputs. This specifically
happens in the period between 2009/10 and 2010/11 FY and
between 2012/13 and 2013/14 FY. These are the time periods
when the hospitals in our study can be considered to have been
most productive overall. Unsurprisingly the highest average
MTFP index score of 1.384 was registered between FY 2009/10.

Secondly, there is a period when improvements in technical
efficiency co-exist with deterioration in the technology score.
This happens in the period between FY 2010/11 and FY 2011/12.
During this time period, overall, the hospitals experience
upgraded organizational factors, but without the innovation
inherent in investment in new technology, which would provide
leverage for the organizational factors. During this period, the
hospitals would have needed to acquire new technology and the
necessary commensurate skill upgrades in order to improve their
performance.

Thirdly, there is a time period when deteriorating technical
efficiency co-exists with deteriorating technology; this happens
during the 2011/12 to 2012/13 FY period. This is the time period
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when the hospitals in our study may be considered to overall
have been less productive. Unsurprisingly, the lowest average
MTFP index score of 0.776 was registered between FY 2011/12
and FY 2012/13.

The productivity growth (MTFP) average score of 1.049 found in
the present study is comparable to findings in other countries
in which hospitals also had an average score greater than one
signifying productivity growth: Angola municipal hospitals had
1.045 [13]; Brazilian Federal University hospitals had 1.209 [22];
China coastal hospitals had 1.1307 [20]; India district hospitals
had 1.2358 [32]; Ireland regional hospitals had 1.028 [18]; and
Portugal hospitals had 1.042 [17]. However, the sources of growth
in the various countries are quite different. While hospitals in the
Ukraine and in South Africa experienced technological regression
combined with improvement in efficiency, the productivity
growth of Guangdong hospitals encountered improvement in
technology and efficiency over the studied period.

In contrast, studies in other countries have found average
MTFP scores of less than one signifying declines in productivity:
Botswana district hospitals had a score of 0.985 [14], Montreal
Canada of 0.92 [16], Greece of 0.986-0.988 [20,21], South Africa
of 0.879 [15] and Taiwan of 0.7877 [23].

The results of our analyses have interesting policy implications for
development of the

Health system in Uganda. We however wish to stress here that
findings of the study are critically based on the choice of inputs
and outputs, and, hence, the policy implications discussed below
should be considered within this perspective. Our results indicate
that, overall, over the five year period, to become efficient, the
technically inefficient hospital would have needed to increase
the outpatient department visits by a total of 2,802,318 visits
(19%), deliveries by 36,383 (6%) and inpatient days by 1,163,652
(10%) without increasing any of the inputs. This reflects a lost
opportunity for the hospitals to contribute towards improvements
in health services access, and hence, health status of Ugandans.
Thus, there is room for MOH policy-makers in Uganda to improve
hospital productivity and efficiency by improving access and
utilization of under-utilized services.

One way of improving utilization is through increasing financial
access to hospital services. Currently, hospital services in
public sector hospitals are funded through general taxes and
are supposed to be free of charge to clients. However, due to
limited government funding, the hospitals do not always have
the required inputs to ensure service delivery thus reducing
efficiency. Currently, Uganda does not have a national social
health insurance scheme although there are ongoing discussions
to introduce one. There is need to expedite introduction of social
health insurance in order to increase financial access by clients
and to increase available resource envelope for hospital inputs
and contribute to increased hospital efficiency and productivity.

Study limitations and suggestions for future
research

The performance of organizations like hospitals can be addressed
from various angles. The work by Culter and Berndt [32] provides
an in-depth discussion of health care output and productivity.
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Besides the inputs-outputs approach adopted in this study,
hospital performance can be addressed from a cost perspective
by considering the cost of inputs per unit of output. Cost data for
inputs were not available in the present study, so an input—output
relationship approach was adopted in analyzing the hospitals'
performance. The applied DEA framework of relating inputs and
outputs addresses efficiency issues from production view point;
issues associated with allocative efficiency were left out owing to
the lack of cost information. Given the pros and cons of the DEA
approach, verifying efficiency and productivity change of Uganda
public sector regional referral hospitals using stochastic methods
is one direction for further research.

We were not able to obtain information about any changes in
case-mix or severity of cases handled by the hospitals over the
study period or about changes in patient outcome quality. DEA
emphasizes the strict forward inputs and outputs relationship
in computing the efficiency scores or Malmquist indices, but
the lack of adjustment for case-mix or outcome quality implies
that the results of the present study must be interpreted with
caution. The empirical analyses can only serve as an example in
understanding the changes in performance of regional referral
hospitals in Uganda. Future research should consider integrating
quality of care indicators to further characterize hospitals
outputs. Incorporating indicators of changes in case mix of
patients attended by the hospitals over the study period would
also be an interesting subject for future research

The study focused only on public sector regional referral hospitals
and did not include private not for profit hospitals of similar
capacity that are usually categorized together with the public
sector regional referral hospitals. This was mainly because of lack
of comprehensive and consistent data from the PNFP hospitals
in the MOH AHSPR used as the data sources. Thus the results
generated are strictly applicable only to the public sector referral
hospitals. Due to this limitation, it was not possible to for example
investigate the effect of hospital ownership on productivity and
efficiency changes over the study period.

The study only used inputs and outputs for which the most data
was available for all hospitals during the study period. The data
was for the large part complete though there were some gaps
particularly in the 2011/12 FY. Missing data on inputs was filled
in by using values from the previous period, whereas missing
data on outputs was filled in by using the average for all hospitals
during the reference period. Although this was the best way
to do it, the figures used may not have reflected true reality.
Additionally, some other relevant inputs such as material supplies
(pharmaceutical and non-pharmaceutical supplies) and outputs,
like major operations conducted, lab tests conducted etc. were
left out in the estimation owing to a lack of data. Such omissions
could mean that the efficiency estimates presented here may be
slightly biased.

Combining longitudinal studies like ours with an investigation
of the environmental context over the study period should
provide insightful information about the effects of health
care environments, such as political and economic factors, on
productivity. Besides increase in the workforce as observed in our
study, technological progress depends on a number of factors,
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including: the availability of appropriate health technology,
availability of funds to finance acquisition of the new technology,
availability of training facilities and opportunities to equip the staff
with the required skills to take advantage of the new technology
in addition to institutional changes that may lead to better team
work and communication between health policy makers, hospital
managers and the hospital staff. It is not clear from our study
which of these additional factors were at play hence the need for
further study.

Conclusions

This paper analyses productivity and efficiency changes in public
sector regional referral hospitals in Uganda over a five year period
from the 2009/10 Financial year to the 2013/14 Financial year.
Using DEA methods we calculated the Malmquist Total Factor
Productivity Index and decomposed it into levels of average
efficiency change and average technological change. Controlling
for VRS technology, we then decomposed the efficiency change
further into pure efficiency and scale efficiency change.

The results show that the average total factor productivity index
of the hospital in our sample grew over the five year period, and
that this growth was significant, especially between FY 11/12-
12/13 and FY 12/13-13/14 (P<0.01). The observed average MTFP
index score of 1.049 for the sample hospitals during the study
period indicates that the hospitals on average increased their
productivity by about 5% between each considered period.
The results further indicate that growth in productivity was
especially due to technological progress rather than efficiency
improvement. Changes in efficiency across all the time periods
were not significant (P > 0.01)

Overall, over the five year period, the inefficient hospitals, taken
together, would need to increase the outpatient department
visits by a total of 2,802,318 visits (19%), deliveries by 36,383
(6%) and inpatient days by 1,163,652 (10%) without increasing
any of the inputs in order to become efficient. There is thus
scope for providing more child and maternal health services to
additional persons by using the existing health system inputs
more efficiently, i.e., without waste.

The applied DEA framework of relating inputs and outputs
addresses efficiency issues from production view point; issues
associated with allocative efficiency were left out owing to the
lack of cost information. Given the pros and cons of the DEA
approach, verifying efficiency and productivity change of Uganda
public sector regional referral hospitals using stochastic methods
is one direction for further research. Incorporating indicators of
changes in case mix and outcomes of patients attended by the
hospitals over the study period would also be an interesting
subject for future research. Finally, combining longitudinal studies
like ours with an investigation of the environmental context over
the study period should provide insightful information about
the effects of health care environments, such as political and
economic factors, on productivity.

This article is available from: http://www.hsprj.com/archive.php
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