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Abstract: In Tanzania, the Mimstry of Health publishes the Heath Statistics Abstract, wiich contains several
indicators of health performance disaggregated on regional level. For policy intervention at the regional level,

it is necessary to have an indicator which is able to consistently rank the performance of each region. Given

that there are several indicators which show the performance of each region, such comparison 1s not straight

forward. One option is to create an aggregated index/indicator from the given standard indicators. We develop
such Unified Health Performance Index (UHPT) based in several performance indicators collected in the 1990s.
In the construction of the UHPI, the weights of different standard health performance indicators are derived
by applying the benefit-of-the-doubt weighting method, which gives regions some freedom to emphasize and
prioritize some aspects of indicators, which they perform best over others. The results of our index are compared
with those based on simple averages, simple rankings and their policy implications are discussed.
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INTRODUCTION

Tanzania, like many other countries, publishes many
indicators which measure the performance of the health
sector at sub-national level (regional level). Health sector
performance indicators are among other indicators used
by the central government to guide budgetary resource
allocation to local governments. However, these
indicators are often not correlated, which makes 1t difficult
to have an overall comparison of how one region perform
contrary to other regions. For consistent policy
mterventions, it 1s necessary to have an indicator which
1s able to consistently rank the regions. One of the simple
options is to create an aggregated index from the given
statistics using some pre-determined indicators' weights.
Ideally however, these weights ought to be different from
one region to another smce different geo-physical
environment dictates varied intensities of health
problems. Thus, a uniform indicator's weight applied
across all regions may give a misleading status of the
regional health performance.

The need to have a consistent ordering of the
regional health performance is increasing in the era where
more devolution of government operations 1s expected
(Boex and Martinez-Vazquez, 2003). Such ordering will
have direct policy implications on the nation and may
provide necessary political pressure on local governments
that could form a strong basis for bargaimng for more
budgetary resources.
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One of the steps towards having the ordering of
regional health performance is to identify the benchmark
region for health index. Preparation of such a benchmark
index 1s a well-established tool for measuring performance
m business practice as well as the public sector
organizations where comparative performance evaluations
are regularly conducted {(Cox and Thompson, 1998,
Auluck, 2002). In theory, standard bench marking requires
identification of peer regions, which exemplify best
practice in health sector so that other regions are
assessed m relation to this best performer. Unfortunately,
unlike where indicators can readily be aggregated and
then compared, aggregation of the indicators in the health
sectors pose more methodological difficulties. These
difficulties arise as a result of varied geo-physical
enviromment and thus, different mtensities of health
problems. Therefore, a uniform indicator's weight applied
across all regions needs be avoided (Cherchye and
Kuosmanen, 2002).

Borrowing from the methodology, which was imitially
used in environmental science and later, in comparing
macroeconomic performance of various countries
(Easterly et al. 1993; Cherchye, 2001 ), this paper develops
a Unified Health Performance Index (UHPI) at the regional
level in Tanzama. The index combines existing standard
health performance indicators (e.g., mortality rates, HIV
prevalence, etc.). Since each indicator individually
provides useful but different mmformation, the basic
motivation for the paper 1s to combine and structure the
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information captured in the existing standard health
performance indicators into a relative index that 1s able to
rank the performance of each region mn Tanzama. As
Cherchye and Kuosmanen (2002) argue, simple
aggregation method of various indicators is prone to
arbittary judgments and lacks subjectivity because it
based explicitly  stated, scientifically
sound premises.

In this study, we use a so-called benefit of the doubt
weighting method as discussed in Carrington et al. (2002)
and Cherchye and Kuosmanen (2002). The advantage of
this approach is that, it avoids the problem of arbitrary
weighting schemes (for a prion, it 1s not clear which health

1s 1ot on

indicators are the most appropriate to evaluate). Under the
benefit of doubt weighting scheme, the problem 1s solved
such that at the optimal solution, higher weights are
attached to those health indicator for which the region
under evaluation performs relatively better. In sumilar spirit
to how Data Envelopment Analysis (DEA) works, the
program endogenously selects those weights that yield
the best Unified Health Performance Index (UHPT) for each
region under mvestigation (Cherchye, 2001). Imitially this
welghting scheme was introduced m ranking the macro
economic performances (macro economic indicators) for
various countries (Easterly ef al., 1993; Cherchye, 2001).

CONSTRUCTION OF THE UNIFIED HEALTH
SECTOR PERFORMANCE INDEX

Basic structure: In line with Carrington ef al. (2002) and
Cherchye and Kuosmanen (2002), we consider the case
where there are m health performance indicators from n
regions. Let y; be the value of the health indicator 1 in
region . As elaborated i the previous section, the aim is
to merge these mdividual health indicators (1.e., for all 1
over j) into a single-valued index (UHPT over j). Based on
the benefit-of-the-doubt weighting procedure, we assume
ignorance of the true relative value of each health
indicator when compared to the other health indicators in
order to produce those weights that maximize the UHPT for
each region. Tt should be noted that, the region-specific
health indicator weights under the benefit-of-the-doubt
procedures are the outcomes of an optimization problem
such that the weighted sum of the region-specific health
performance values maximized (Cherchye
Kuosmanen, 2002).

For notational simplicity, let £ denote the UHPI for
region j (other notations will be defined immediately as
they appear for the first time in the equations). Tt follows

is and

from this argument that € for region j is the weighted
average given by Eq. 1.
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Equation 2 shows that weights for each region are
endogenously selected to maximize the weighted sum of
regional-specific health performance index values
(UHPTs), where each regionj (j =1,..,n)is weighted by
a priori specified weight vj. The unknown variables W*,
(1=1,....m;j=1, ..., n) represent the weight accorded to
health performance indicator i for computing the Unified
Health Index value (LTHPT) for region j. Since the resulting
TUHPI 1s a relative index, we impose a scaling constraint in
Eq. 3. This constraint ensures that no region can achieve
unified index value that does exceed unity under the
optimal weights. Equation 4 is the usual non-negativity
restrictions in linear programming models. The non-
negativity restrictions m Eq. 4 ensure that negative
weights are excluded from the feasible solution. Cherchye
and Kuosmanen (2002) show how the weights so
determined could be interpreted as policy weights.
However, we do not pursue this idea 1n this study.
Cherchye and Kuosmanen (2002) show that the
program presented in Eg. 1 through 4 results in the
highest relative weights being accorded to those health
mndicators for which region j performs best (in relative
terms) when compared to other regions in the country. In
Eq. 1, if € =1 it implies that there exists at least one
weighting scheme under which region ] yields the highest
attamable umfied index value over all other regions.
Therefore, (% = 1 shows optimality relative to other
regions. Otherwise, the region is considered suboptimal.

Extension of the basic structure: Both in theory and
practice, it has been shown that the restrictions imposed
in the weights W*, may not be satisfactory
(Thompson et al., 1993; Pedraja-Chaparro ef al., 1997).
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This is because the restrictions imposed on the W*; does
not exclude extreme scenarios, where all the relative
weight can be assigned to one health mdicator (and
ignoring the rest by assigning them a weight equal to
zero). To avoid this problem, this paper follows the weight
restriction approach suggested by Kuosmanen (2002).
Although Kuosmanen (2002) mitially intended to handle
missing data problems (without affecting the results at the
optimal point) we extend this approach and show that it
can be used m cases where the reported health indicator
is unrealistically too low or too high. Thus, in line with
Kuosmanen (2002), we suppose that D is the mndex set of
the extreme values we want to exclude in the weighting
Then  the
constraints) are defined as follows.

assignment. restrictions  (digjunctive

&)

W
hj . : -
Op £ — <Py hig D 0= oy = By
W

kil

Since we essentially deal with linear model, Eq. 5 should
be linearized to fit in our model. Linearizing Eq. 5 give the
following pair of restrictions:

(W, —opw, )Y - Yin )20

(6)
(W, =B W, )-(Yiq - Yin ) <0

Although the purpose of imposing additional restrictions
on the optimal weights is to avoid the problem of extreme
observations, tlus method has
choosing restrictions arbitrarily. Consequently,

been criticized for
the
opponents of this method argue that the obtained results
are sensitive to the chosen restrictions (Allen et al., 1997).
To avoid this problem of choosing the weighting
restrictions arbitrarily, we follow the following strategies.
First, because we want to keep with other (Allen et al.,
1997), we start with the weight that 13 commonly used n
DEA empirical literature by setting ¢, = 0.1 and By, = 10.
This weight restrictions means that, for any given region,
the maximum weight of any health indicator is at most 10
times greater than the minimum weight given to that
mdicator m any other region. Secondly, to test the
robustness of our results, we extend the model such that
o, and Py, are generated from 1000 draws from uniform
distributions specified as:

oy ~U[0.06,0.2]
Bai ~ UI5.15]

358

For each draw, we solve the model such that the results
we present in the results section are the sample mean of
results from the 1,000 simulations. Before we present the

results, the next section briefly discusses the data used in
this study.

DESCRIPTION OF THE DATA USED

For the empirical analysis, the paper uses the regional
cross-section data from various Health Statistics Abstract
published by the Mimistry of Health in Tanzama. We base
our analysis on only 19 regions on Tanzania Mamland.
The main reason for this is that there is no comparable
data for the regions in Zanzibar and Dar es Salaam region
15 excluded because it has extreme values in some of the
indicators, which could bias our results. Moreover, Dar es
Salaam region misses a considerable amount of
information needed for this model. We use the following
mndicators of (1ll-) performance in health sector (in the
parentheses are the variable labels used in the model):
Percentage of family blood donors who tested HIV
positive in 1996 (FHIV-TIVE), Percentage of institutional
blood donors who tested HIV positive m 1996
(IHIV_TIVE), Cumulative rate of HI'V positive per 100,000
of population for the period between 1992 and 1996
(HIV_RATE), Number of death caused by dysentery in
1995 (DY SENTERY); Percentage of underweight children
aging less than five years 1 1997 (UNDER-W); Infant and
Under 5 Child Mortality Rate in 1995 (IMR), Maternal
Mortality Rate in 1995 (MMR).

Table 1 summarizes the common descriptive statistics
of these variables for Tanzania, 1.e., at the national level.
As expected, it 1s evident that the mean of most of these
variables are relative high when compared to the world
average. However, they do not differ substantially from
those in the African region south of Sahara.

Table 2 presents the pair-wise correlation between
the above listed performance indicators of health sector.
It 1s apparent that there 1s no clear correlation pattern on
the indicator across regions. Furthermore, it is evident
that there 1s quite low correlation in these variables, which
implies that simple aggregation for the purpose of getting
regional rankings could be quite misleading. Insome

Table 1: Selected descriptive statistics of Tanzania health indicators used in

the model

Variable Min Max Mean 5D

FHIV-TIVE 1 19 7.08 4.99
THIV-TIVE 0 13 6.55 4.48
HIV-RATE 73 638 283.42 141.98
Dysentry 0 21 6.11 7.72
Under-W 2 11 5.61 2.16
IMR 78 220 159.26 41.93
MMR 63 281 199.74 62.63

Source: MoH (1999)
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Table 2: Pair wise correlations of various health performance indicators in Tanzania

Variable FFHIV_TIVE IHIV_TIVE HIV _RATE Dysentry Under W IMR MMR
FHIV-TIVE 1.00

IHIV-TIVE 0.42 1.00

HIV-RATE -0.10 -0.40 1.00

Dysentry -0.40 -0.06 -0.11 1.00

Under-W -0.53 0.02 -0.24 0.36 1.00

IMR 0.33 -0.01 0.20 -0.36 0.31 1.00

MMR 0.53 0.34 0.03 -0.63 0.07 0.78 1.00

Source: Computed from MoH (1999)

cases, the correlation tums to be negative with relative
large magnitudes. As will be shown later, the results from
the mmdex we estimate support our view that, simple
ranking based on average of the simple ranks provides a
somewhat misleading picture.

Note that, since all the indicators are ill-performance
indicators, we take reciprocal of each indicator in order to
conform to the maximization framework presented in
Section 2. In case the variables have zero realization, we
consider this as problem of data and consider it as
missing. Note also that, as presented i Section 2, all
health performance indicators are important and we would
want to leave enough room for the benefit of the doubt
interpretation (i.e., a conservative approach as
emphasized by Cherchye and Kuosmanen (2002).

RESULTS OF THE UNIFIED HEALTH
PERFORMANCE INDEX

This section presents and discusses the results of
the model that ranks the performance of the health sectors
across all regions of Tanzania Mainland (except Dar es
Salaam region which has been excluded for technical
reasons elaborated in the previous section). We first
present the results of the model where the maximum
allowed weight is fixed. Then we present the results where
the maximum allowed weights are allowed to vary in a pre-
determined interval. This second set of results allows us
to test for the robustness of our ranking (based on the
standard error of 1,000 simulations). Eventually, we
compare the results of our model (1e., the ranking of
regions according to the performance of the health sector)
with the results based on simple ordering.

Result I: Maximum weight restricted to 10 times the
minimum: When the weights are fixed such that the
maximum weight cannot exceed ten times the mimmum
weight, we generally find that the majority of the regions
perform above 0.5 mn this index defined mn the umt mterval.
Tt is worth to note that, four out of 19 regions happen to
have the best performance. Among the best performers
are Morogoro and Mbeya regions, whose substantial
parts are mountainous; a feature which reduces the
incidences of some diseases such as malaria. Kigoma,
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Table 3: Regional health performance indexes and their respective standard
eITOTS regions

Performance standard

Regions Tndex Errors
Mtwara 0.519 0.008
Rukwa 0.535 0.013
Mwanza 0.569 0.009
Singida 0.579 0.039
Mara 0.597 0.051
Coast 0.652 0.007
Lindi 0.678 0.006
Ruvuma 0.685 0.015
Dodoma 0.696 0.022
Arusha 0.755 0.014
Kagera 0.771 0.000954
Tringa 0.774 0.024
Tabora 0.848 0.004
Tanga 0.882 0.019
Kilimanjaro 0.885 0.025
Shinyanga 0.995 0.006
Kigoma 1

Mbeya 1

Morogoro 1

Source: Computed firom MoH (1999)

which is among the best performer, has a unique feature
mn that it host a large number of the refugees from the
turbulent states along the Greater Lake Zones. As a result
of the presence of a large number of refugees, arguably
the region has been receiving some health care from
several international agents which other regions in the
country do not receive (Roberts and Hofmann, 2004). Tn
the lower tail of the performance ranking usmg this
method are Rukwa and Mtwara regions. The position of
these regions m this case is not astomshing because the
same regions also rank low in terms of other indicators
such as food and income poverty indexes and access to
road infrastructure (NBS, 2002)

Result II: Random restriction in 105 interval: Table 3
presents the results when the restriction 13 now allowed
to vary in the (5, 15) interval. Since the results are
generated from a simulated model, we present the results
in the form of the mean and standard deviations of 1000
simulations. It i1s apparent that results based on the
simulations are quite similar to those obtained from a fixed
parameter at the upper and lower end of the performance
spectrum. Thus, the three regions that were observed to
perform best are the same under these two different
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modeling frameworks. Likewise, the two regions that
performed poorly are the same. In the mid of the spectrum,
few regions were ranked differently under the two
modeling frameworks.

Given the similarity in the two results, interest also
lies in testing the robustness of the simulated results vs.
those obtained using fixed parameters. To that end, we
use the t-test to test whether the simulated results are
significantly different from those obtained under fixed
weight restriction. We generally find that efficiency
scores are statistically different from those few regions for
which the two modeling frameworks produced different
ranks. However, the test of the correlation of the ranking
1s not statically different, which indicated that the basic
model is as good as a model based in simulation. Thus,
this study does not find evidence against using fixed
parameter.

Comparison of endogenous ranking with simple ranking:
When we compare the endogenous ranking of the
regional performance in health sector with the simple
average ranking, we find a drastically different picture. For
example, we find that Morogore region which ranked
among the first under the endogenous ranking happen to
hold the 10th position under the average of the simple
ranking. Likewise, Singida region which ranked 12 based
on the endogenous ranking but was ranked 4th under the
sinple rankings. The number of cases in which the simple
ranking understates the performance of the region is 14
out of 19. In other words, the number of cases m which
the siumple ranking overstates the performance of
the region is 4 and only one case in which the two ranls
coineide.

Although the two ranking are different, we also
wanted to establish whether these differences are
statistically different. The estimated Spearman's rank
correlation between the average of the simple ranking and
the index generated by our model 15 0.4557. The p-value of
the test of the mull hypothesis that the value is
statistically different from zero i1s 0.0499, which offer
sufficient evidence that even the simple average of the
ranks are close to those ranks generated by the
endogenous ranking model.

SUMMARY AND CONCLUSIONS

This paper has discussed how multi-dimensional
health performance indicators can be combined to
generate a unified index which, if used consistently, can
rark the performance of the regions. This index avoids the
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problem of using simple average of the ranks of the
regions or seemingly arbitrary weights. The problem 1s
avoided because our unified index is generated as an
optimal solution, higher weights are attached to those
health indicators for which the region under evaluation
performs relatively well (similar to estimation of efficiency
i Data Envelopment Analysis). This method has been
used in ranking the macroeconomic performance of
various countries and what this paper has done 1s to
extend it in a way that avoids the use of fixed parameter
(by using simulation method, where parameters are drawn
from a uniform distribution of a pre-specified interval).

The results of the unified index happened to rank
regions differently when compared with the ranking based
on the simple average of the simple rankings. However,
correlation between the rankings using this unified index
showed relatively high correlation with the ranking based
on simple average. Generally though, the policy
imnplications in the two rankings are likely to be
quite different.

It should be noted also that, further research 1s
needed where one considers the indicators analyzed here
as outcome (output) of a production process whose
inputs are regional budgetary allocation to heath sector,
available basic facilities (beds per regional population,
physicians per population, etc.) and then analyses which
regions are efficient in health productions using either
parametric approaches (e.g., stochastic frontier) or non-
parametric approaches (e.g., Data Envelopment Analysis).
Furthermore, since much of the supervisions are carried at
the district levels, future study could be much more
policy-informing if carried at the district levels. But in any
case, such kind of analysis should be able to control for
variables that are beyond the control of the policy-
umplementers (such as population density, etc.)
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