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 Health performance in India varies markedly across states and Union Territories, yet composite 
rankings that summarise this variation are sensitive to how criteria are weighted and how alter-
natives are aggregated. Subjective weighting and single-method aggregation limit the transpar-
ency and reproducibility of existing rankings. This study constructs an objective, reproducible 
composite ranking of subnational health-system performance using the sixth round of the Na-
tional Family Health Survey (NFHS-6, 2023-24). Thirty-five states and Union Territories were 
evaluated on twenty-one curated headline indicators spanning six analytical domains (marriage 
and fertility, maternal health, child health, child nutrition, adult nutrition and non-communicable 
disease risk, and women's empowerment). Benefit, cost, and target-based criteria were handled 
coherently; the two target criteria (total fertility rate and caesarean section rate) were trans-
formed to distance from their clinical optimum. Objective weights were derived with the Method 
based on the Removal Effects of Criteria (MEREC). Alternatives were ranked with the Alterna-
tive Ranking Order Method Accounting for Two-step Normalization (AROMAN), implemented 
with type-aware normalization. Robustness was assessed through weight perturbation, aggrega-
tion-parameter sweeps, an all-eligible-criteria variant, and an imputation sensitivity analysis. 
Convergent validity was examined against four independent ranking methods, and external va-
lidity against independent socioeconomic measures. The two fertility-related target criteria and 
child marriage received the largest MEREC weights (0.103, 0.099, and 0.075, respectively). 
Ladakh, Himachal Pradesh, and Mizoram occupied the top three positions, whereas Bihar, Uttar 
Pradesh, and Tripura occupied the bottom three. The ranking was highly stable: the mean Spear-
man correlation between the base ranking and 5000 randomly perturbed weight vectors was 
0.99, and rank correlations across the aggregation parameter exceeded 0.93. Agreement with the 
four comparison methods was strong at the policy-relevant extremes (WS rank-similarity coef-
ficient between 0.91 and 0.96) and moderate to strong across the full ordering (Spearman cor-
relation between 0.49 and 0.83). The composite score correlated positively with the socioeco-
nomic enabling environment (Spearman correlation 0.69, p < 0.001). The integrated MEREC-
AROMAN framework produces a transparent and reproducible ranking of Indian subnational 
health performance that is stable under perturbation and consistent with independent evidence. 
The persistent disadvantage of the large northern states, alongside the emerging burden of over-
medicalisation and adult obesity in the southern states, indicates that a single national policy 
prescription is unlikely to be adequate. 
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1. Introduction 

The measurement of population-health performance across subnational units is a recurring problem in health-systems re-
search and in evidence-based policy design. India, a federation of twenty-eight states and eight Union Territories with 
pronounced heterogeneity in demographic structure, socioeconomic development, and health-system capacity, offers a de-
manding test case. Aggregate national indicators conceal disparities that are of first-order importance for resource allocation, 
and the ranking of subnational units has therefore become a standard instrument of Indian health governance, exemplified 
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by the Health Index published by the national policy think tank (NITI Aayog, 2021). Multi-criteria decision-making has 
recently become an established instrument for benchmarking Indian subnational units in other development sectors, which 
motivates its transfer to population health. Objective-weight multi-criteria models have been used to rank Indian states and 
districts on agricultural development, for example, a Shannon-entropy-weighted TOPSIS ranking of states (Trivedi & Dube, 
2025) and a TOPSIS-based factor-analytic assessment of districts in Uttar Pradesh (Singh et al., 2025). These applications 
demonstrate the value of objective weighting and compromise ranking for subnational comparison, yet they address agri-
culture rather than health and rely on a single aggregation method; the present study extends the approach to multidimen-
sional health-system performance and pairs objective weighting with a recent compromise-ranking method under a rigorous 
validation programme. 

Constructing such a ranking requires two analytical decisions that are frequently made without justification. The first is how 
to weight the constituent indicators. Equal weighting is common but implausible, because it assumes that every indicator 
conveys the same amount of discriminating information. Expert weighting introduces subjectivity and is difficult to repro-
duce. Objective weighting methods, which derive weights from the statistical structure of the data, address both concerns 
(Diakoulaki et al., 1995). Among these, the Method based on the Removal Effects of Criteria (MEREC) assigns a weight 
to each criterion in proportion to the change in overall performance that follows from removing it, a formulation that is both 
intuitive and computationally transparent (Keshavarz-Ghorabaee et al., 2021). 

The second decision is how to aggregate the weighted criteria into a single ordering. Multi-criteria decision-making 
(MCDM) methods differ in their normalization and aggregation logic, and rankings can be sensitive to that choice. Com-
promise-ranking methods, which balance the distance of each alternative from an ideal reference against the aggregate of 
its performance, have proved robust in comparative studies. The Alternative Ranking Order Method Accounting for Two-
step Normalization (AROMAN) is a recent method of this family that combines linear and vector normalization before 
aggregation, a design intended to reduce the dependence of the result on any single normalization scheme (Bošković et al., 
2023). 

A third difficulty, specific to health data, is that not every indicator is monotonic. For most indicators a higher value is 
unambiguously better (for example, the proportion of institutional births) or unambiguously worse (for example, the prev-
alence of child stunting). A minority are optimised at an intermediate value. The total fertility rate is best near the replace-
ment level of about 2.1 children per woman, and the caesarean section rate is best in the vicinity of the range that the World 
Health Organization regards as clinically appropriate, because both very low and very high rates signal unmet need or over-
medicalisation (World Health Organization, 2015). Many published health rankings ignore such non-monotonic criteria or 
force them into a benefit or cost mould, which distorts the result. The present study handles benefit, cost, and target-based 
criteria coherently within a single framework. 

Against this background, the objectives of this study are threefold. The first objective is to produce a transparent and repro-
ducible composite ranking of the thirty-five Indian states and Union Territories on multidimensional health-system perfor-
mance using the most recent NFHS round. The second objective is to derive the criterion weights objectively from the data, 
using MEREC, and to aggregate them using AROMAN, so that no subjective weighting enters the ranking. The third ob-
jective is to subject the ranking to a rigorous programme of internal robustness testing and external validation, so that the 
confidence that can be placed in the ordering is quantified rather than assumed. To the best of our knowledge this is the first 
application of the combined MEREC-AROMAN framework to Indian population-health data, and the first to apply it to the 
NFHS-6 round. 

2. Materials and Methods 

2.1 Data source and study design 

The analysis uses the state and Union Territory fact sheets of the sixth round of the National Family Health Survey (NFHS-
6, 2023-24), compiled by the International Institute for Population Sciences for the Ministry of Health and Family Welfare 
(International Institute for Population Sciences, 2024). The survey covers India and thirty-six subnational units, but the state 
of Manipur was not surveyed in this round and is therefore excluded, leaving thirty-five units: twenty-seven states and eight 
Union Territories. Each fact sheet reports one hundred and one key indicators. The study uses the NFHS-6 Total (combined 
urban and rural) value for each indicator. 

The unit of analysis is the state or Union Territory, and the design is ecological. Associations described at this level pertain 
to populations rather than to individuals, and no individual-level causal inference is drawn; the risk of the ecological fallacy 
is discussed in Section 5 (Piantadosi et al., 1988). The description of the data follows the reporting principles of the Strength-
ening the Reporting of Observational Studies in Epidemiology statement, adapted for an ecological design (von Elm et al., 
2007). 

2.2 Criteria selection 
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Each of the one hundred and one indicators was assigned to one of seven analytical domains (labelled A to G) and to one 
of four criterion types: benefit (higher is better), cost (higher is worse), target (optimised at a stated value), or context (not 
a monotonic performance measure). The complete assignment for all one hundred and one indicators, together with the 
selection decision and its rationale for each indicator, is provided as Supplementary Table S1, so that every inclusion and 
exclusion in the ranking is auditable. The eleven context indicators, which describe population age structure, the family-
planning method mix, and the public or private mix of service provision, were excluded from the ranking. Domain A com-
prises three of these context indicators, describing population age structure, together with twelve socioeconomic indicators 
of the enabling environment (for example, household electricity, female schooling, and health-insurance coverage). The 
twelve socioeconomic indicators are determinants of health rather than direct measures of health-system output, and were 
therefore held out of the ranking and used for external validation, as described in Section 2.6. 

From the remaining eligible indicators a curated set of twenty-one headline criteria was selected across the six performance 
domains B to G. The curation followed three principles. First, cascade redundancy was avoided: where several indicators 
describe successive stages of the same process, only the headline indicator was retained. For example, full child immunisa-
tion was retained while its individual antigen components were dropped; total unmet need for family planning was retained 
while its spacing and limiting subcomponents were dropped; and child wasting was retained while severe wasting, its subset, 
was dropped. Second, indicators based on very small denominators, which carry a high proportion of suppressed or small-
sample values, were avoided. Third, the set was balanced across domains so that no single domain could dominate the 
ranking by weight of numbers alone. Applying these principles to the seventy-eight eligible indicators outside Domain A 
retained twenty-one headline criteria and set aside fifty-seven; the specific reason for setting aside each of the fifty-seven 
(cascade component, sex-specific duplicate, small denominator, or redundant behavioural measure) is recorded against that 
indicator in Supplementary Table S1. The final twenty-one criteria, their domains, their criterion types, and their derived 
weights are listed in Table 1. 

2.3 Data preparation and flag handling 

Values on the fact sheets carry two data-quality flags. A value printed in parentheses, in the form (x.x), is based on twenty-
five to forty-nine unweighted cases and is retained as a usable point estimate with a reduced-reliability flag. An asterisk 
denotes a percentage that is not shown because it is based on fewer than twenty-five unweighted cases, and is treated as 
missing. Across the twenty-one curated criteria only two cells were suppressed (both on the exclusive breastfeeding indi-
cator), and both were imputed with the column median; the effective sample size is therefore thirty-five for every criterion 
except exclusive breastfeeding, for which thirty-three values are observed and two are imputed. The sensitivity of the rank-
ing to this imputation is reported in Section 3.4. 

For the two target criteria, each observed value was transformed to its absolute distance from the clinical optimum. Let 𝑥𝑥𝑖𝑖𝑖𝑖  
denote the raw value of alternative 𝑖𝑖 on target criterion 𝑗𝑗 and let 𝜏𝜏𝑗𝑗 denote the optimum (𝜏𝜏 = 2.1 for the total fertility rate 
and 𝜏𝜏 = 15 for the caesarean section rate). The transformed value is 

𝑑𝑑𝑖𝑖𝑖𝑖 = |𝑥𝑥𝑖𝑖𝑖𝑖 − 𝜏𝜏𝑗𝑗| + 𝜀𝜀, 

where 𝜀𝜀 = 0.01 is a small positive constant that keeps the transformed value strictly positive so that the logarithmic step of 
the weighting method (Section 2.4) is defined even when an alternative lies exactly at the optimum. After transformation, 
a smaller distance denotes better performance, so each target criterion enters the model as a cost criterion. Of the twenty-
one criteria, nine are benefit criteria and twelve are cost criteria (ten intrinsic cost criteria plus the two transformed target 
criteria). 

2.4 Objective weighting with MEREC 

The Method based on the Removal Effects of Criteria assigns to each criterion a weight proportional to the effect that 
removing it has on the aggregate performance of the alternatives (Keshavarz-Ghorabaee et al., 2021). Let the decision 
matrix contain 𝑚𝑚 alternatives and 𝑛𝑛 criteria, with element 𝑥𝑥𝑖𝑖𝑖𝑖  for alternative 𝑖𝑖 and criterion 𝑗𝑗. The method proceeds in five 
steps. 

First, the matrix is normalised so that larger normalised values correspond to less favourable performance, using a linear 
scheme: 

𝑛𝑛𝑖𝑖𝑖𝑖 =

⎩
⎪
⎨

⎪
⎧

min
𝑘𝑘
𝑥𝑥𝑘𝑘𝑘𝑘

𝑥𝑥𝑖𝑖𝑖𝑖
if 𝑗𝑗 is a benefit criterion,

𝑥𝑥𝑖𝑖𝑖𝑖
max
𝑘𝑘
𝑥𝑥𝑘𝑘𝑘𝑘

if 𝑗𝑗 is a cost criterion,
 

where min𝑘𝑘𝑥𝑥𝑘𝑘𝑘𝑘 and max𝑘𝑘𝑥𝑥𝑘𝑘𝑘𝑘  are taken over all alternatives 𝑘𝑘 on criterion 𝑗𝑗. 
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Second, the overall performance of each alternative is computed from the normalised values using a logarithmic aggrega-
tion: 

𝑆𝑆𝑖𝑖 = ln�1 +
1
𝑛𝑛
� |
𝑛𝑛

𝑗𝑗=1

ln𝑛𝑛𝑖𝑖𝑖𝑖|�. 

Third, the overall performance is recomputed with criterion 𝑗𝑗 removed, giving 

𝑆𝑆′𝑖𝑖𝑖𝑖 = ln�1 +
1
𝑛𝑛
� |
𝑘𝑘≠𝑗𝑗

ln𝑛𝑛𝑖𝑖𝑖𝑖|�. 

Fourth, the removal effect of criterion 𝑗𝑗 is the total absolute change in performance summed over all alternatives: 

𝐸𝐸𝑗𝑗 = � |
𝑚𝑚

𝑖𝑖=1

𝑆𝑆′𝑖𝑖𝑖𝑖 − 𝑆𝑆𝑖𝑖|. 

Fifth, the weights are obtained by normalising the removal effects to sum to one: 

𝑤𝑤𝑗𝑗 =
𝐸𝐸𝑗𝑗

∑ 𝐸𝐸𝑘𝑘𝑛𝑛
𝑘𝑘=1

. 

A criterion whose removal changes the aggregate performance substantially is informative and receives a large weight; a 
criterion whose removal is almost immaterial receives a small weight. The weights therefore depend only on the statistical 
structure of the data and involve no subjective input. 

2.5 Ranking with AROMAN 

The Alternative Ranking Order Method Accounting for Two-step Normalization ranks the alternatives by combining two 
complementary normalizations before aggregation (Bošković et al., 2023). We implement the method with type-aware nor-
malization, so that cost criteria are inverted at the normalization stage and a lower observed cost correctly yields a higher 
normalized score. This is essential in the present setting: without inversion, a worse value on a cost criterion such as child 
stunting would raise rather than lower an alternative’s score. 

Let 𝑡𝑡𝑖𝑖𝑖𝑖minmax and 𝑡𝑡𝑖𝑖𝑖𝑖vec denote the two normalizations of element 𝑥𝑥𝑖𝑖𝑖𝑖 . The minimum-maximum (linear) normalization is 

𝑡𝑡𝑖𝑖𝑖𝑖minmax =

⎩
⎪
⎨

⎪
⎧

𝑥𝑥𝑖𝑖𝑖𝑖 − min
𝑘𝑘
𝑥𝑥𝑘𝑘𝑘𝑘

max
𝑘𝑘
𝑥𝑥𝑘𝑘𝑘𝑘 − min

𝑘𝑘
𝑥𝑥𝑘𝑘𝑘𝑘

if 𝑗𝑗 is a benefit criterion,

max
𝑘𝑘
𝑥𝑥𝑘𝑘𝑘𝑘 − 𝑥𝑥𝑖𝑖𝑖𝑖

max
𝑘𝑘
𝑥𝑥𝑘𝑘𝑘𝑘 − min

𝑘𝑘
𝑥𝑥𝑘𝑘𝑘𝑘

if 𝑗𝑗 is a cost criterion,
 

and the vector normalization is 

𝑡𝑡𝑖𝑖𝑖𝑖vec =

⎩
⎪
⎨

⎪
⎧

𝑥𝑥𝑖𝑖𝑖𝑖

�∑ 𝑥𝑥𝑘𝑘𝑘𝑘2𝑘𝑘

if 𝑗𝑗 is a benefit criterion,

1 −
𝑥𝑥𝑖𝑖𝑖𝑖

�∑ 𝑥𝑥𝑘𝑘𝑘𝑘2𝑘𝑘

if 𝑗𝑗 is a cost criterion.
 

The two normalizations are combined into an aggregated normalized value using a mixing coefficient 𝛽𝛽 ∈ [0,1]: 

𝑡𝑡𝑖𝑖𝑖𝑖 =
𝛽𝛽 𝑡𝑡𝑖𝑖𝑖𝑖minmax + (1 − 𝛽𝛽) 𝑡𝑡𝑖𝑖𝑖𝑖vec

2
. 

Each aggregated normalized value is then weighted by the MEREC weight of its criterion: 

𝑡̂𝑡𝑖𝑖𝑖𝑖 = 𝑤𝑤𝑗𝑗 𝑡𝑡𝑖𝑖𝑖𝑖 . 
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Because cost criteria have been inverted, both the benefit and the cost contributions are now oriented so that a higher value 
denotes better performance. They are summed separately, giving the summarised cost contribution and the summarised 
benefit contribution of each alternative: 

𝐿𝐿𝑖𝑖 = � 𝑡̂𝑡𝑖𝑖𝑖𝑖
𝑗𝑗∈cost

,  𝐴𝐴𝑖𝑖 = � 𝑡̂𝑡𝑖𝑖𝑖𝑖
𝑗𝑗∈benefit

. 

The final preference score of alternative 𝑖𝑖 combines the two contributions through an aggregation parameter 𝜆𝜆 ∈ [0,1]: 

𝑅𝑅𝑖𝑖 = 𝐿𝐿𝑖𝑖 𝜆𝜆 + 𝐴𝐴𝑖𝑖 1−𝜆𝜆. 

Alternatives are ranked in descending order of 𝑅𝑅𝑖𝑖; the alternative with the largest score is ranked first. In the base case the 
two tuning parameters were set to their conventional values 𝛽𝛽 = 0.5 and 𝜆𝜆 = 0.5, which weight the two normalizations 
equally and balance the cost and benefit contributions. 

2.6 Robustness and validation 

The stability of the ranking was examined along four internal dimensions. First, the sensitivity to the weights was assessed 
by a Monte-Carlo experiment in which each weight was multiplied by an independent random factor drawn uniformly from 
the interval 0.8 to 1.2 (a perturbation of plus or minus twenty per cent) and renormalised, and the ranking was recomputed; 
five thousand perturbed rankings were generated under a fixed random seed. Second, the sensitivity to the aggregation logic 
was assessed by varying the AROMAN parameter 𝜆𝜆 and the mixing coefficient 𝛽𝛽 across the interval 0.1 to 0.9. Third, an 
all-eligible-criteria variant was computed, in which every benefit, cost, and target criterion outside Domain A was retained 
(seventy-eight criteria) and reweighted, to test whether the curation drove the result. Fourth, an imputation sensitivity anal-
ysis dropped the single imputed criterion and recomputed the ranking. Agreement between each variant and the base ranking 
was quantified by Spearman’s rank correlation coefficient and, for the discrete single-ranking comparisons in which the 
base ranking serves as a fixed reference (the all-eligible-criteria variant and the four cross-method rankings described be-
low), also by the WS rank-similarity coefficient (Sałabun & Urbaniak, 2020), which weights disagreements near the top of 
the ranking more heavily than disagreements lower down and is therefore sensitive to precisely the positions that matter 
most for policy. The WS coefficient was not applied to the weight-perturbation experiment, which yields a distribution over 
five thousand rankings summarised by the mean Spearman correlation, or to the parameter sweeps, which are summarised 
by the trend in the Spearman correlation, because neither produces a single comparison ranking. 

Convergent validity was examined by re-ranking the alternatives with four established MCDM methods that use the iden-
tical MEREC weights: the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS; Hwang & Yoon, 
1981), the Weighted Aggregated Sum Product Assessment (WASPAS; Zavadskas et al., 2012), the Measurement of Alter-
natives and Ranking according to Compromise Solution (MARCOS; Stević et al., 2020), and the Combined Compromise 
Solution (CoCoSo; Yazdani et al., 2019). The equations of these comparison methods are given in Appendix A. Agreement 
with AROMAN was quantified by Spearman’s coefficient and the WS coefficient. 

External validity was examined by correlating the AROMAN score with the twelve independent Domain A socioeconomic 
measures, which were not used in the ranking. A composite of the enabling environment was formed as the mean of the 
standardised (z-scored) values of the twelve Domain A indicators, and its correlation with the health-performance score 
was reported. All computations were performed in Python with the pandas, NumPy, and SciPy libraries. 

3. Results 

3.1 Criterion weights 

The MEREC weights of the twenty-one criteria are reported in Table 1 and displayed in Figure 2. The two target criteria 
received the largest weights: the total fertility rate (0.103) and the caesarean section rate (0.099). These were followed by 
child marriage (0.075), childhood diarrhoea prevalence (0.069), and unmet need for family planning (0.068). The smallest 
weights fell on full child immunisation (0.017) and women’s ownership of a bank account (0.007), both of which vary 
comparatively little across the thirty-five units and therefore carry little discriminating information. The concentration of 
weight on the fertility and family-formation criteria reflects the wide dispersion of these indicators across the units: the total 
fertility rate ranges from 0.9 to 2.7 children per woman, and the prevalence of child marriage ranges from 2.9 per cent to 
36.4 per cent. 

When the weights are summed by domain, the marriage, fertility, and family-planning domain (Domain B) is the most 
influential, accounting for 0.297 of the total weight, followed by maternal health (Domain C, 0.208), adult nutrition and 
non-communicable disease risk (Domain F, 0.151), child nutrition (Domain E, 0.135), women’s empowerment and gender-
based violence (Domain G, 0.123), and child health and immunisation (Domain D, 0.087). The relatively low weight of the 
immunisation domain is a consequence of the high and comparatively uniform immunisation coverage now achieved across 
most units. 
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Table 1  
The twenty-one curated criteria, their analytical domain, criterion type, direction in the model, and objective MEREC 
weight. Criteria are ordered by weight. 

No. Criterion Domain Type Model direction MEREC weight 
18 Total fertility rate B Target Cost 0.1033 
38 Caesarean section rate C Target Cost 0.0994 
16 Child marriage (women under 18) B Cost Cost 0.0746 
57 Childhood diarrhoea prevalence D Cost Cost 0.0694 
25 Unmet need for family planning B Cost Cost 0.0684 
95 Spousal violence (ever experienced) G Cost Cost 0.0655 
74 Women underweight (body mass index) F Cost Cost 0.0520 
91 Women in paid employment G Benefit Benefit 0.0505 
30 Four or more antenatal care visits C Benefit Benefit 0.0504 
21 Modern contraceptive use B Benefit Benefit 0.0503 
68 Adequate infant diet E Benefit Benefit 0.0477 
80 Women with high blood sugar F Cost Cost 0.0368 
62 Exclusive breastfeeding E Benefit Benefit 0.0342 
76 Women overweight or obese (body mass index) F Cost Cost 0.0327 
41 Postnatal care for the mother C Benefit Benefit 0.0318 
86 Women with elevated blood pressure F Cost Cost 0.0296 
70 Child wasting E Cost Cost 0.0287 
35 Institutional births C Benefit Benefit 0.0261 
69 Child stunting E Cost Cost 0.0245 
44 Full child immunisation D Benefit Benefit 0.0173 
92 Women with an own bank account G Benefit Benefit 0.0067 

 

  

Fig. 1. Analytical workflow of the study, from the 
NFHS-6 fact sheets through criteria curation, MEREC 
weighting, and AROMAN ranking to robustness and val-
idation. 

Fig. 2. Objective MEREC weights of the twenty-one criteria, 
coloured by analytical domain. 

 

3.2 Composite ranking 

The AROMAN scores and ranks of the thirty-five units are reported in full in Table 2 and mapped in Fig. 3. Scores ranged 
from 0.643 to 0.792. The five best-performing units were Ladakh (rank 1), Himachal Pradesh (rank 2), Mizoram (rank 3), 
Puducherry (rank 4), and Goa (rank 5). Kerala, which frequently leads Indian health rankings, occupied rank 6. The five 
worst-performing units were Bihar (rank 35), Uttar Pradesh (rank 34), Tripura (rank 33), Jharkhand (rank 32), and Odisha 
(rank 31). 

The geography of the ranking is coherent. The small Himalayan and hill units and the smaller southern Union Territories 
occupy the upper part of the ordering, while the large, populous states of the central and eastern Gangetic belt occupy the 
lower part. The southern states of Andhra Pradesh (rank 7), Tamil Nadu (rank 8), and Karnataka (rank 9) form a strong 
cluster immediately below the leaders. 

Inspection of the two components of the AROMAN score is informative. The cost contribution 𝐿𝐿𝑖𝑖 ranged from 0.213 to 
0.302 and the benefit contribution 𝐴𝐴𝑖𝑖 from 0.027 to 0.081. Because the benefit contribution varied more in relative terms, 
the ordering was driven substantially by the benefit criteria even though the cost criteria carried the larger share of the 
weight. Bihar recorded both the lowest benefit contribution and one of the lowest cost contributions, which is consistent 
with its position at the foot of the ranking. 
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Table 2 
Composite ranking of the thirty-five states and Union Territories by AROMAN score, with the summarised cost contribu-
tion 𝐿𝐿𝑖𝑖 and benefit contribution 𝐴𝐴𝑖𝑖. 

Rank Region AROMAN score Cost term 𝐿𝐿𝑖𝑖 Benefit term 𝐴𝐴𝑖𝑖 
1 Ladakh 0.7921 0.2959 0.0616 
2 Himachal Pradesh 0.7806 0.2726 0.0668 
3 Mizoram 0.7761 0.2901 0.0564 
4 Puducherry 0.7707 0.2384 0.0798 
5 Goa 0.7705 0.2510 0.0726 
6 Kerala 0.7682 0.2446 0.0749 
7 Andhra Pradesh 0.7650 0.2315 0.0805 
8 Tamil Nadu 0.7582 0.2332 0.0758 
9 Karnataka 0.7537 0.2348 0.0725 
10 Chhattisgarh 0.7519 0.2577 0.0597 
11 Jammu and Kashmir 0.7476 0.2652 0.0541 
12 Haryana 0.7449 0.2615 0.0546 
13 Gujarat 0.7446 0.2511 0.0593 
14 Maharashtra 0.7444 0.2424 0.0635 
15 Telangana 0.7433 0.2211 0.0746 
16 Uttarakhand 0.7433 0.2651 0.0522 
17 Dadra and Nagar Haveli and Daman and Diu 0.7431 0.2480 0.0601 
18 Madhya Pradesh 0.7410 0.2554 0.0556 
19 Chandigarh 0.7369 0.2627 0.0504 
20 Arunachal Pradesh 0.7366 0.2629 0.0501 
21 Andaman and Nicobar Islands 0.7343 0.2429 0.0583 
22 Rajasthan 0.7337 0.2636 0.0486 
23 Sikkim 0.7323 0.2414 0.0581 
24 Lakshadweep 0.7296 0.2498 0.0528 
25 NCT of Delhi 0.7251 0.2497 0.0508 
26 West Bengal 0.7231 0.2243 0.0622 
27 Assam 0.7178 0.2560 0.0449 
28 Punjab 0.7154 0.2420 0.0499 
29 Nagaland 0.7129 0.3022 0.0266 
30 Meghalaya 0.7129 0.2729 0.0363 
31 Odisha 0.7098 0.2275 0.0542 
32 Jharkhand 0.6925 0.2341 0.0435 
33 Tripura 0.6848 0.2378 0.0389 
34 Uttar Pradesh 0.6784 0.2433 0.0343 
35 Bihar 0.6427 0.2125 0.0330 

 

 

Fig. 3. Composite health-performance rank of the Indian states and Union Territories under the MEREC-AROMAN frame-
work. Darker shading denotes a better rank. Manipur, which was not surveyed, is shown in grey. 
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3.3 Domain patterns 

The ranking summarises countervailing domain-level patterns that are worth separating. The large northern states are pe-
nalised most heavily by the fertility and family-formation criteria. Bihar recorded the highest total fertility rate (2.7 children 
per woman), a child-marriage prevalence of 34.6 per cent, and the highest prevalence of spousal violence (36.1 per cent), a 
combination that placed it last overall. Uttar Pradesh followed a similar profile with a total fertility rate of 2.2 and child 
stunting affecting 31.5 per cent of children under five years. The southern states present a more nuanced profile that the 
target-based treatment of the caesarean criterion brings to light. Tamil Nadu and Kerala achieve near-universal institutional 
delivery (99.7 per cent each) and comparatively low child undernutrition, yet both are penalised by caesarean section rates 
far above the clinical optimum (46.9 per cent in Tamil Nadu and 41.3 per cent in Kerala against a target of 15 per cent) and 
by a high prevalence of adult overweight and obesity among women (44.2 per cent and 46.7 per cent). These signals of 
over-medicalisation and of the nutrition transition are precisely what a benefit-only or cost-only treatment of the caesarean 
indicator would have concealed, and they explain why the southern high performers rank immediately below, rather than 
above, the leading hill units, several of which combine good service coverage with caesarean rates closer to the optimum. 

3.4 Sensitivity analysis 

The ranking was highly stable under perturbation of the weights. Across the five thousand Monte-Carlo replications in 
which every weight was randomly perturbed by up to twenty per cent, the mean Spearman correlation between the perturbed 
ranking and the base ranking was 0.99, and the minimum over all replications was 0.96. The range of ranks attained by each 
unit under perturbation is displayed in Figure 4; the leaders and the laggards retained their positions almost without excep-
tion, and the largest movements occurred among the closely spaced middle-ranked units, where the underlying scores differ 
only marginally. The ranking was similarly insensitive to the aggregation logic. As the AROMAN parameter 𝜆𝜆 was varied 
across the interval 0.1 to 0.9, the Spearman correlation with the base ranking remained at or above 0.93, and across most of 
the interval it exceeded 0.99 (Figure 7). Varying the mixing coefficient 𝛽𝛽 over the same interval produced correlations at 
or above 0.98. The all-eligible-criteria variant, which expanded the criterion set from twenty-one to seventy-eight and re-
weighted it, produced a ranking that correlated with the base ranking at a Spearman coefficient of 0.84 and a WS coefficient 
of 0.90, indicating that the curated set captures most of the signal present in the full eligible set while remaining parsimo-
nious and interpretable. Dropping the single imputed criterion changed the ranking negligibly (Spearman coefficient 0.98). 
A transparent auxiliary benchmark, formed by orienting every criterion to a common direction, standardising it, and taking 
the MEREC-weighted sum, correlated with the AROMAN ranking at a Spearman coefficient of 0.87. Fig. 8 plots each of 
these three variant rankings against the base ranking. Table 3 summarises the robustness experiments. 

Table 3 
Summary of the robustness experiments. Agreement is reported as Spearman’s rank correlation with the base ranking. 

Robustness experiment Agreement with base ranking 
Weight perturbation, plus or minus 20 per cent (mean over 5000 runs) 0.99 
Weight perturbation, plus or minus 20 per cent (minimum over 5000 runs) 0.96 
Aggregation parameter 𝜆𝜆 varied from 0.1 to 0.9 0.93 to 1.00 
Mixing coefficient 𝛽𝛽 varied from 0.1 to 0.9 0.98 to 1.00 
All-eligible-criteria variant (78 criteria) 0.84 
Imputation dropped 0.98 
Weighted-standardised auxiliary benchmark 0.87 

 

 
Fig. 4. Rank stability under weight perturbation. Each marker is the base-case rank of a unit; each bar spans the range of 
ranks attained over 5000 random weight perturbations of plus or minus twenty per cent. 
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3.5 Cross-method comparison 

The four comparison methods, applied with the identical MEREC weights, agreed with AROMAN strongly at the policy-
relevant extremes and moderately to strongly across the whole ordering (Table 4 and Fig. 5). The WS rank-similarity coef-
ficient, which weights the top of the ranking most heavily, lay between 0.914 (against MARCOS) and 0.958 (against Co-
CoSo), confirming that the identity of the leaders and the laggards is essentially method-independent. The Spearman corre-
lation over the full ranking ranged more widely, from 0.488 against WASPAS to 0.827 against CoCoSo, reflecting the 
expected reshuffling of the closely spaced middle ranks under different aggregation rules. This pattern, of strong agreement 
at the extremes and greater method sensitivity in the middle, is characteristic of MCDM comparisons and does not under-
mine the ranking; the units for which policy attention is most consequential are the very units on which the methods concur. 

Table 4 
Agreement of the four comparison methods with the AROMAN ranking, under the identical MEREC weights. 

Comparison method Spearman correlation with AROMAN WS coefficient with AROMAN 

TOPSIS 0.586 0.922 
WASPAS 0.488 0.931 
MARCOS 0.586 0.914 
CoCoSo 0.827 0.958 

 

 

Fig. 5. Cross-method rank agreement under the identical MEREC weights, by Spearman’s rank correlation (left) and the 
WS rank-similarity coefficient (right). 

3.6 External validation 

The AROMAN health-performance score correlated positively with the independent socioeconomic measures that were 
held out of the ranking (Table 5 and Fig. 6). The socioeconomic enabling-environment composite, formed from all twelve 
Domain A indicators, was the strongest correlate (Spearman correlation 0.69, p < 0.001). Among the individual measures, 
the strongest correlates were schooling of ten or more years among men (0.55, p < 0.001) and among women (0.53, p = 
0.001), and household electrification (0.51, p = 0.002); several individual measures with limited cross-unit variation, such 
as improved drinking water and iodized salt use, correlated weakly, which is expected of indicators that are already near 
universal. The gradient is in the expected direction: units with a stronger socioeconomic base tend to record better health-
system performance. That the composite correlation is positive and substantial, without being so high as to suggest that the 
health ranking is merely a restatement of socioeconomic status, supports the construct validity of the composite while leav-
ing room for the health-system-specific variation that is the object of the study. 

Table 5 
External validation of the AROMAN score against independent Domain A socioeconomic measures, by Spearman’s rank 
correlation. 

Independent measure (Domain A) n Spearman correlation p 
Household electricity 35 0.512 0.002 
Improved drinking water 35 0.133 0.446 
Iodized salt use 35 0.286 0.096 
Household health-insurance coverage 35 0.303 0.076 
Household bank account 35 0.338 0.047 
Female school attendance (ever) 35 0.169 0.332 
Female house or land ownership 35 0.215 0.215 
Pre-school attendance (age 2 to 4) 35 0.212 0.220 
Women with 10 or more years of schooling 35 0.530 0.001 
Men with 10 or more years of schooling 35 0.550 < 0.001 
Women who have ever used the internet 35 0.297 0.084 
Men who have ever used the internet 35 0.310 0.070 
Socioeconomic composite (Domain A z-mean of the twelve indicators) 35 0.687 < 0.001 
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Fig. 6. External validation. The AROMAN health-per-
formance score plotted against the socioeconomic ena-
bling-environment composite, with the least-squares fit. 

Fig. 7. Rank trajectories of selected units across the ARO-
MAN aggregation parameter λ. The near-horizontal trajecto-
ries indicate that the ordering is largely insensitive to the pa-
rameter. 

 

Fig. 8. Rank concordance of the robustness variants with the base ranking. Each panel plots the base-case rank of the 35 
units against their rank under a robustness variant, with the 45-degree line of exact agreement and the Spearman correlation. 

4. Discussion 

This study set out to produce a transparent, reproducible, and rigorously validated composite ranking of Indian subnational 
health-system performance from the NFHS-6 round, using objective weights and a recent compromise-ranking method. The 
resulting ordering is coherent, stable, and externally consistent. Its principal substantive message is that the geography of 
health performance in India continues to follow a familiar fault line, with the large states of the central and eastern Gangetic 
belt clustered at the foot of the ranking and the smaller Himalayan, north-eastern, and southern units clustered at the top, 
but that the drivers of that fault line are no longer confined to the deficits of the poorest states. 

The persistent disadvantage of Bihar, Uttar Pradesh, Jharkhand, and Odisha is driven, in the present analysis, less by the 
service-coverage indicators on which these states have made real gains, and more by the family-formation and gender 
indicators, namely a high total fertility rate, a high prevalence of child marriage, a high unmet need for family planning, 
and a high prevalence of spousal violence. This is consistent with the view that the remaining health deficit of the large 
northern states is increasingly a social and demographic deficit rather than a purely medical one, and it implies that health-
sector investment alone, without parallel action on girls’ education, on the age at marriage, and on women’s autonomy, is 
unlikely to close the gap. Policy for the bottom-ranked states should therefore be intersectoral, and should treat the empow-
erment and family-planning domains as health interventions in their own right. 

A second and less familiar message concerns the high performers. The target-based treatment of the caesarean section rate 
reveals that several southern states, which lead on institutional delivery and on the reduction of child undernutrition, are 
simultaneously accumulating a burden of over-medicalisation and of adult obesity. Kerala and Tamil Nadu record caesarean 
rates approaching or exceeding three times the clinical optimum and a prevalence of adult overweight and obesity among 
women approaching one in two. A ranking that treated the caesarean rate as a pure benefit would have rewarded these states 
for the very over-use that a target-based treatment penalises. The result illustrates the practical value of handling non-
monotonic criteria coherently, and it identifies a distinct policy agenda for the high performers, centred on the appropriate 
use of surgical delivery and on the prevention of non-communicable disease, rather than on the expansion of access. 

Methodologically, the study demonstrates that an objective weighting method and a compromise-ranking method can be 
combined to produce a ranking that does not depend on subjective judgement and that is robust to the analytical choices 



R. Trivedi and M. Dube  / Healthcare Engineering 3 (2027) 
 

23 

that most often trouble composite indicators. The weight perturbation and parameter sweeps show that the ordering is not 
an artefact of any particular weight vector or tuning parameter. The cross-method comparison shows that the leaders and 
laggards are method-independent, while being candid that the middle of the ranking is more sensitive to the aggregation 
rule, as it is in every MCDM application. The external validation shows that the ranking behaves as a measure of health 
performance should, correlating with the socioeconomic environment without being reducible to it. Two methodological 
points deserve emphasis for researchers who would reuse the framework. First, the target-based transformation is essential 
wherever a criterion is optimised at an interior value, and its omission would materially change the ranking of the high 
performers. Second, the AROMAN method must be implemented with type-aware normalization; a direction-blind imple-
mentation, in which cost criteria are not inverted, will reward poor performance on those criteria, and we verified explicitly 
that our implementation does not have this defect. The ranking is broadly consistent with, but not identical to, earlier Indian 
health rankings such as the national Health Index (NITI Aayog, 2021). The differences are attributable to the different 
indicator set, the objective rather than negotiated weights, the inclusion of the family-formation and gender domains, and 
the target-based treatment of non-monotonic criteria. These differences are features rather than defects: they follow from a 
design that is explicit and reproducible at every step. 

5. Limitations 

Several limitations qualify the interpretation of these results. First, the design is ecological. The unit of analysis is the state 
or Union Territory, and the associations reported here describe populations, not individuals; they cannot be used to infer 
individual-level relationships without committing the ecological fallacy. Second, the state of Manipur was not surveyed in 
this round and is absent from the ranking; its omission is imposed by the data and is not a modelling choice. Third, the 
analysis rests on the point estimates printed in the fact sheets, without their sampling uncertainty, and a small number of 
suppressed values were imputed; although the imputation sensitivity analysis showed a negligible effect, the underlying 
survey uncertainty is not propagated into the ranking. Fourth, the ranking is a compromise ordering, and, as the cross-
method comparison makes explicit, the precise position of a middle-ranked unit depends to some degree on the aggregation 
method; the ranking is most trustworthy at its extremes. Fifth, the analysis is cross-sectional and describes a single round; 
although NFHS-5 values are available for a subset of indicators, a formal analysis of change over time was outside the 
present scope. Finally, the curation of the criterion set, while guided by explicit principles, involves judgement; the all-
eligible-criteria variant was reported precisely so that the influence of that judgement could be assessed, and it was found 
to be modest. 

6. Conclusion 

An integrated MEREC-AROMAN framework, applied to the NFHS-6 round with objective weights and a coherent treat-
ment of benefit, cost, and target-based criteria, yields a transparent and reproducible ranking of the health-system perfor-
mance of the thirty-five Indian states and Union Territories. The ranking is stable under weight perturbation and parameter 
variation, agrees with four independent MCDM methods at the policy-relevant extremes, and correlates with the independ-
ent socioeconomic environment. Substantively, the large northern states remain the priority for intervention, but their re-
maining deficit is now concentrated in the demographic and gender domains, so that closing it will require intersectoral 
action beyond the health sector. At the other end of the ranking, the leading southern states face an emerging agenda of 
over-medicalisation and non-communicable disease that a monotonic ranking would have missed. Future work should ex-
tend the framework to the urban and rural sub-samples, propagate the survey uncertainty into the ranking through a 
resampling scheme, and track the ordering across successive NFHS rounds so that the trajectory of each unit, and not only 
its current position, can be assessed. 
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Appendix A. Equations of the comparison methods 

The four comparison methods were applied to the same weighted decision matrix and the same MEREC weights 𝑤𝑤𝑗𝑗  as 
AROMAN. In each case the criterion type is respected, benefit criteria being oriented so that a higher value is better and 
cost criteria the reverse. 

A.1 Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS). The decision matrix is vector-nor-

malised, 𝑟𝑟𝑖𝑖𝑖𝑖 = 𝑥𝑥𝑖𝑖𝑖𝑖/�∑ 𝑥𝑥𝑘𝑘𝑘𝑘2𝑘𝑘 , and weighted, 𝑣𝑣𝑖𝑖𝑖𝑖 = 𝑤𝑤𝑗𝑗𝑟𝑟𝑖𝑖𝑖𝑖 . The positive ideal solution 𝑣𝑣𝑗𝑗+ and the negative ideal solution 𝑣𝑣𝑗𝑗− 

are the best and the worst weighted value on each criterion. The separation of each alternative from the two ideals is 𝐷𝐷𝑖𝑖+ =

�∑ �𝑣𝑣𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑗𝑗+�
2

𝑗𝑗  and 𝐷𝐷𝑖𝑖− = �∑ �𝑣𝑣𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑗𝑗−�
2

𝑗𝑗 , and the closeness coefficient is 𝐶𝐶𝑖𝑖 = 𝐷𝐷𝑖𝑖−/(𝐷𝐷𝑖𝑖+ + 𝐷𝐷𝑖𝑖−). Alternatives are ranked 
in descending order of 𝐶𝐶𝑖𝑖 (Hwang & Yoon, 1981). 

A.2 Weighted Aggregated Sum Product Assessment (WASPAS). The matrix is linearly normalised to a benefit orienta-
tion, giving 𝑥𝑥‾𝑖𝑖𝑖𝑖 . The weighted sum model score is 𝑄𝑄𝑖𝑖

(1) = ∑ 𝑤𝑤𝑗𝑗𝑗𝑗 𝑥𝑥‾𝑖𝑖𝑖𝑖 and the weighted product model score is 𝑄𝑄𝑖𝑖
(2) = ∏𝑗𝑗

𝑥𝑥‾𝑖𝑖𝑖𝑖
 𝑤𝑤𝑗𝑗 . The combined score is 𝑄𝑄𝑖𝑖 = 𝛾𝛾𝑄𝑄𝑖𝑖

(1) + (1 − 𝛾𝛾)𝑄𝑄𝑖𝑖
(2), with 𝛾𝛾 = 0.5. Alternatives are ranked in descending order of 𝑄𝑄𝑖𝑖  

(Zavadskas et al., 2012). 
A.3 Measurement of Alternatives and Ranking according to Compromise Solution (MARCOS). An ideal and an anti-
ideal reference alternative are appended to the normalised weighted matrix. The utility of each alternative relative to the 
anti-ideal (𝐾𝐾𝑖𝑖−) and to the ideal (𝐾𝐾𝑖𝑖+) is formed, and a utility function 𝑓𝑓(𝐾𝐾𝑖𝑖) combines them; alternatives are ranked in 
descending order of 𝑓𝑓(𝐾𝐾𝑖𝑖) (Stević et al., 2020). 
A.4 Combined Compromise Solution (CoCoSo). From the weighted sum 𝑆𝑆𝑖𝑖 = ∑ 𝑤𝑤𝑗𝑗𝑗𝑗 𝑥𝑥‾𝑖𝑖𝑖𝑖 and the weighted power 𝑃𝑃𝑖𝑖 = ∑𝑗𝑗

𝑥𝑥‾𝑖𝑖𝑖𝑖
 𝑤𝑤𝑗𝑗 , three appraisal scores are formed (an arithmetic-mean strategy, a relative strategy referenced to the worst alternative, 

and a balanced-compromise strategy), and their combination gives the final score 𝑘𝑘𝑖𝑖; alternatives are ranked in descending 
order of 𝑘𝑘𝑖𝑖 (Yazdani et al., 2019).  
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