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Many hospital rankings are based on algorithms and weights elicited by experts. The paper at-
tempts to build rankings of Polish district hospitals using the TOPSIS method and to examine the sen-
sitivity of the results to the changes in weights. We considered 11 large and 34 medium-sized hospitals.
The criteria set consists of man-days total, profit/loss on sales, contract with the National Health Fund,
return on assets (ROA) and return on equity (ROE). Because of this, rankings consider different spheres
in which hospitals perform, including the financial aspect and their main goal, i.e., treating patients.
The results show that despite the overall high similarity of rankings, the benchmarking based on rank-
ings should be done with care as the positions of some individual hospitals changed to a great degree.
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1. Introduction

As a result of the unfavourable situation of Polish district hospitals [22], there is
a still growing demand for the analysis of their relative status. Multicriteria rankings
allow for comparison of a chosen object against the others and, in consequence, they
enable effective reaction if the evaluation is unfavourable. The poor relative situation
of a hospital may be seen as a need to reallocate the resources [4]. Local authorities are
also interested in the performance of the hospital, not only as a means to provide health
services for the local population but also as an employer and a way to strengthen the
position of a district as a territorial unit. To the best of the author’s knowledge, this is
the first study in Poland based on such dataset which may, because of the sensitivity
analysis, provide an insight in the level of the ranking and its adequacy to the expecta-
tions of various decision-makers. Ligsma et al. [18] have already pointed out both the
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popularity of rankings and usefulness of such comparisons for decision-makers in hos-
pitals and potential patients. It seems that rankings should be constructed as based on
the criteria which describe both quality and efficiency of hospitals. Often, apart from
hard criteria (like efficiency), soft ones are introduced. They can be related among other
things to patients’ impressions, communication between them and the doctors [30], or
communication within the organisation itself [29]. Other factors may affect the ranking,
for example, the hospitals’ use of social media, as pointed out by Triemstra et al. [33].

Usually, hospital rankings are built on various sets of criteria, the weights of which
are determined by experts. For example, the Polish Center for Monitoring the Quality
in Health Care' has been publishing rankings of hospitals for over 10 years. Rankings
are based on criteria related to management, medical care and quality of care [39]. Rank-
ing of hospital wards was published in 2018 by the weekly Wprost [40]. The hospital
ranking constructed based on financial criteria is presented by Deloitte [41]. Similar
comparisons are published in other countries as well, but ranking results can be contro-
versial [1]. This stems from the weights of criteria or some parts of the algorithm. For
example, the cited author points out the possible lack of stability of results. Davis et al.
refer to potential inconsistencies of hospital assessments in various areas [11]. In gen-
eral, this phenomenon is to be expected because the criteria, especially those used in the
analysis of complicated structures, are often conflicting. Attempts to make holistic as-
sessment are therefore even more important, and multicriteria methods may be used for
this purpose.

The main goal of the paper is to build a ranking of Polish district hospitals and to
analyse the impact of the change in criteria weights on final results. Rankings are built
using multicriteria TOPSIS (Technique for Order Preference by Similarity to Ideal So-
lution) method and selected weighting algorithms. The paper consists of 3 parts. The
first one discusses the features of the TOPSIS method and areas of its application in
issues related to the functioning of hospitals. The second part focuses on the methodol-
ogy, while the third part is dedicated to the presentation and discussion of the results.

2. TOPSIS method in issues related to the functioning of hospitals

TOPSIS [15] is a multicriteria method used for supporting the decision-making pro-
cess. The construction of ranking begins with the identification of scores of each alter-
native (hospital) on each criterion. The criteria may be measured on different scales, but
the algorithm ensures comparability by normalisation of the assessments
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where f(a;) denotes the score of ith alternative on jth criterion.

Normalised values are multiplied by weights w; to reflect the relative importance of
criteria

tij = fj(a[)wj (2)

Alternatives are compared with two reference points. The first one is the hypothet-
ical ideal solution (an alternative that is evaluated best on all criteria), and the second
one is the negative ideal, i.e., the hypothetical alternative that is evaluated worst on all
criteria. The alternative is assessed as the better, the more distant it is from the negative
ideal and the closer to the ideal at the same time. Respective distances are measured in
Euclidean metrics. The final ranking is built as based on the relation of the distance from
the negative ideal to the sum of distances to both reference points

d (a)

D)= v d @)

)

where: d, (a;) - distance of alternative g, to the negative ideal, d; (a;)— distance of al-

ternative q; to the ideal.

TOPSIS is chosen due to its characteristic. For ranking users, it is important to know
how the ranking was created and to understand the algorithm or the intuition behind it.
TOPSIS fulfils this requirement. It can be assumed that one of the main reasons for the
popularity of this method is the ease of use combined with intuitive interpretation, which
is based on the concept of distance. The method resembles the approaches used in mul-
tivariate comparative analysis, including Hellwig’s method [13]. TOPSIS combines the
aim to avoid a negative solution with the aim for a positive, while in Simple Additive
Weighting method (SAW) the problem is focused only on the weighted average score
of alternatives [10]. We did not choose the Analytic Hierarchy Process (AHP) [28],
because the weights used in the algorithm are derived from pairwise comparisons of
criteria which uses 9-point rating scale (Saaty’s scale), and the latter scale does not comply
with the approaches used in the stability analysis in this paper. As compared with meth-
ods from so-called European School, like ELECTRE (Elimination et Choix traduisant la
realité) [27] and PROMETHEE (Preference Ranking Organization Method for Enrichment
Evaluations) [6], TOPSIS is less subjective. ELECTRE and PROMETHEE rely more on
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decision-makers preferences (or analyst’s preferences in the case when no decision-
maker is uniquely defined, as in case of rankings of enterprises). For example, the meth-
ods in question use not only weights, but also preference, indifference or veto thresholds
(ELECTRE), or generalised criteria functions (PROMETHEE). Because of that, the
ranking can be adjusted to the recipient’s expectations to a large extent, but as a conse-
quence, the obtained result is highly subjective. Moreover, PROMETHEE allows for
incomparability of criteria which, in the author’s opinion, does not occur in the case
studied in the paper. As pointed out by Nermend [21], TOPSIS features, especially the
limited influence of the decision-maker, allow it to be used in multivariate comparative
analysis, because the solution is relatively independent of the parameter values adopted
during the analysis. From our point of view, the objectivity of the method is one of the
most important factors that should be taken into account while building rankings for
(supposedly) large audience.

TOPSIS is used in several areas in issues related both to healthcare in general, and
functioning of hospitals. The first sphere is related to the assessment of service quality.
The quality of hospital services is the subject of several works [8, 20, 32], which is not
surprising as this is probably the most important factor from the patients’ perspective.
It is also important for managers, however, they also need to take into account the eco-
nomic factors which enable keeping or even improving this quality. For example,
Véchové and Hajdikova [35] rank hospitals as based on the economic criteria related to
the structure of costs, debt, sales, and productivity of wages. In [30] three hospitals are
ranked as based on 6 criteria (with sub-criteria including the willingness to help patients,
ability to communicate with them, security). The authors also compare the criteria of
importance between different wards. Shafii et al. [29] assess managerial staff as based
on, among others, organising, creativity, ability to make adequate decisions, and com-
munication.

Araujo et al. [5] combine TOPSIS with neural networks for the analysis of the health-
care system in Brazil. Their goal was to construct a model on which predictions could
be made using macroeconomic or demographical factors. A similar approach is used in
[37] to assess the efficiency of diabetes treatment. Du et al. [12] examine TOPSIS combined
with DEA, thus taking into account the efficiency factor. Wang and Chou [36] analyse
the safety of patients including factors related, i.a., to communication, quality of care,
and commitment. Qi et al. [24] evaluate 27 wards, focusing on performance, quality,
and economic benefits. Hosseini et al. [14] address the disaster preparedness topic.
TOPSIS is also used in problems related to supplier selection [3]. These areas are not
related only to hospitals, they are analogous to other industries.

TOPSIS is often combined with AHP which can be applied, for example, to elicit
criteria weights [3, 7, 20, 25, 29-30]. Being a well-known method, TOPSIS is also used
as a benchmark. For example, Afful-Dadzie et al. [2] in their study of quality health
information on the Internet use modification of TOPSIS for comparison with VIKOR,
while Tuzkaya et al. with PROMETHEE [34].
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To the best of the author’s knowledge, the TOPSIS is not used in the analysis of
issues related to hospitals in Poland. The reasons may originate from the difficult access
to data and the lack of their uniform format. Publishers of hospital rankings use data
from surveys. The results are widely available and can affect the patients’ opinions and
decisions. Hospitals are not always interested in providing data for the needs of scien-
tific work because it involves additional burden for the staff and may not translate into
the functioning of the given hospital.

3. Data and methodology

3.1. Data and software

Data used in the study come from the questionnaire prepared by the Polish Association
of Employers of Poviat Hospitals? and filled by ca. 110 district hospitals in 2019. The study
uses data from the year 2018 which is the last year for which the survey covers all 12 months.
Due to the differences between hospitals with different characteristics [22], only public hos-
pitals with emergency ward were included in the study. As based on mean and standard
deviation calculated for the number of beds, hospitals are divided into two groups: medium-
sized (134362 beds, i.e., within one standard deviation away from the mean) and large ones
(more than 362 beds, i.e., more than one standard deviation away from the mean). Hospitals
with a larger number of beds are more likely to have many different wards, better access to
financing, but also higher costs. After eliminating cases with missing data, 11 large and 34
medium-sized hospitals remained in the study.

In the remainder of the paper, individual hospitals will be denoted by codenames,
i.e., letter L with consecutive numbers will be used for large hospitals, and letter M and
consecutive numbers will be used for medium-sized hospitals. Rankings were built us-
ing R Software [42] and TOPSIS package [43].

3.2. Criteria

In the paper, hospitals are ranked based on 5 objective criteria. We decided to use
variables related to different aspects of hospitals performance. The first criterion, man-
days total, is related to the effective performance of a hospital and the effects of its core
activity. Other criteria are as follows: profit/loss on sales, contract with NHF (National
Health Fund® — this criterion relates to resources), return on assets (ROA) and return on
equity (ROE).

20g6Inopolski Zwigzek Pracodawcow Szpitali Powiatowych — OZPSP.
3Narodowy Fundusz Zdrowia.



100 A. SIELSKA

Man-days total and contract with NHF are important because they describe the hos-
pital’s ability to fulfil its goals. In expert opinion, profit/loss of sales is one of the most
important factors that reflects the overall situation of a hospital.
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Fig. 1. Distribution of criteria in the analysed groups of hospitals. Based on the data of district hospitals

The pursuit of profitability is controversial in the case of hospitals because of the
nature of services they supply but, on the other hand, the profitability of hospitals is in
a way forced by their environment [19]. Profitability works in favour of hospitals, al-
lowing them to supply the local population with better services or to make access to
treatment easier. Referring to the literature Predkiewicz et al. [23] point out that the
profits open possibilities to improve equipment. They also refer to fact that increasing
costs affect the profitability. The reason stressed in the cited paper is related to the pa-
tients’ and doctors’ actions — which cannot be denied — but nowadays the pressure takes
the form of the increasing wages. At the moment it is mostly related to the increase of
the minimum wage which took place in Poland in January 2020, however, its impact is
indirect as well. The main problem of hospitals is not the increase in wages for those
who earn a minimum wage but the increase in total costs of employment resulting from
internal payroll regulations and rising costs of outsourcing. The importance of profita-
bility indicators is confirmed by the fact that they were included in the draft ordinance of
the Minister of Health on monitoring and assessment of the economic and financial situ-
ation of hospitals included in the hospital network [9]. Profitability alone is not a sufficient
basis for comparison, not only due to the specific goal of hospitals but also due to financ-
ing. For example, some commercialised hospitals may focus on selected highly-priced
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treatments, while in general public district hospitals should ensure access to healthcare
in different dimensions.

Profitability indicators show the hospital’s effectiveness in terms of managing eq-
uity and assets. Striving to maintain the readability of the paper, in particular in the
section focused on sensitivity analysis, only two basic indicators: ROA, and ROE are
chosen from the numerous set of profitability indicators which can be used to assess the
situation of hospitals. They were used for example in [23, 38].

Ranking results take into account both the financial aspect of the hospital activity
and its main goal — treating patients. Due to the character of the data and focus on ob-
jective criteria, there was no possibility to include the quality of care. All the criteria are
profit (maximised) criteria.

Boxplot comparison of the distribution of criteria in the analysed groups of hospitals is
presented in Fig. 1. To improve both the readability of the plots and to increase the ano-
nymity of hospitals, the outliers are not presented.

3.3. Stability of rankings

3.3.1. Scope of stability analysis and weighting approaches

The stability was assessed in two approaches. In the first one, we analyse the changes
in the top positions in rankings. Maintaining high rank despite weight changes is im-
portant from the point of view of patients, analysts, and hospital managers, because
hospitals like that turn out to be model units, which can be treated as benchmarks. We
focus not only on the single highest-ranking hospital but also on the group of hospitals
which earn the highest ranks [16]. The identification of the weakest performing hospi-
tals is important as well, thus the paper is also focused on such objects.

Stability of rankings has been studied with different vectors of weights. The refer-
ence ranking (base ranking) has been constructed using equal weights that relate to the
situation in which all 5 criteria are equally important. Thus, the vector of weights for
the reference ranking was given by (0.2, 0.2, 0.2, 0.2, 0.2). In the first scenario, we
gradually increased the weight of the chosen criterion by 0.1 under the condition that
the other criteria have the same relative significance (equal weights). For example, in
the case of increasing significance of the first criterion subsequent weight vectors were
given by: (0.3, 0.175, 0.175, 0.175, 0.175), (0.4, 0.15, 0.15, 0.15, 0.15); (0.5, 0.125,
0.125, 0.125, 0.125), and in the last iteration: (0.6, 0.1, 0.1, 0.1, 0.1). In this scenario,
we used the total of 20 weight vectors plus the initial one (0.2, 0.2, 0.2, 0.2, 0.2). The
first scenario reflects the case in which only one criterion is of particular importance for
the decision-maker, and it is indifferent to the others, although it still has an impact on
the final ranking.

In the second scenario, we assumed that criteria have different relative importance.
Rank Order Centroid (ROC) method has been used to derive weights. ROC is one of
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the popular methods of deriving weights in case if only the ranking of criteria is given.
The advantages of this method are pointed out by Roszkowska [26]. The weights are
elicited according to the formula [26]:

I &1
W, =—» — 4
Y )

where n — number of criteria, 7, —rank of ith criterion.

In this scenario, we used the total of 120 weight vectors plus the initial one (0.2, 0.2,
0.2,0.2,0.2).

In the second approach to the stability analysis, we assessed the stability of rank for
each hospital. We used the method of changing weights proposed in [31]. Assuming
that all criteria except one have equal importance, we gradually changed the weight of
the given criterion, according to the formula:

0.2 (1 + 10100j if the weight of jth criterion has been increased
W, = | (5)
l . . . .
0.2 (1 - 1000) if the weight of jth criterion has been decreased

For the sake of simplicity, we assumed that the weight cannot be lower than 0.01 or
higher than 0.99. Then, for each criterion and each hospital, we calculated the range of
weights for which the rank of the given hospital does not change.

3.3.2. Similarity measures

In the paper, the overall similarity of rankings is measured using two approaches.
In the first one, Spearman’s rank correlation coefficients are used. The second approach
was proposed by Kukuta in 1989 [17]. It is based on the absolute value of rank differ-
ences between two rankings p and ¢ [17]:

n
22‘01‘17 - ciq‘
il

m =1-
nt—z

P4

(6)

where c;, denotes the rank of ith alternative in ranking p, and c;, denotes the rank of ith
alternative in ranking p, while z is given by

O,ne P
z= @)
Lneg P

where P denotes the set of even numbers.
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4. Results

4.1. Changes on top positions

The results show that, in general, rankings constructed using different vectors of
weights remain similar. Spearman’s rank correlation coefficients between rankings built
on different weights vectors are presented in Table 1. Coefficients for medium-sized
hospitals are presented above the diagonal (white cells) and coefficients for large hos-
pitals are presented below the diagonal (grey cells). In both cases, half of the coefficients
are above 0.7. In our case, conclusions from using the approach proposed by Kukuta are
similar to these obtained from using a rank correlation coefficient. In this case also half
of the measures is at least 0.7 (for large hospitals) and 0.719 (for medium sized-ones).

5 1.0
a) b) Man-days total
4 Profit/loss on sales
e 0.8 A Contract with NHE
....... - = ROA
31 e 06d e ROE
2 - 0.4
1 oot PR 0.2
- - -
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Fig. 2. Change of rank for the highest-ranking large (a) and medium-sized (b) hospitals.
Based on the data of district hospitals

In the case of large hospitals, the change in the first position was most clearly seen
when the weight of ROE criterion was increasing. After changing this weight by 0.1,
the hospital which ranked first in the base ranking fell by 1 rank. After changing the
weight by 0.2, the difference amounted to 3 ranks. The increasing importance of the
contract with NHF criterion also affected the results very early, but the change of rank
was increasing much faster as compared with the previous case. The increasing importance
of ROA affected the top position in ranking only if the weight of this criterion was by 0.3
higher than initially. In the case of the medium-sized hospitals, the highest-ranking hospital
remained in the first position for all analysed vectors of weights (Fig. 2).

Several highest positions kept is presented in Fig. 3. The entire ranking of large
hospitals remained unchanged until the weight of man-days total criterion reached 0.4.
Then, only the highest-ranking hospital remained in its previous position. The situation
is similar in the case of profit/loss on sales criterion. It should be noted, however, that
only 7 highest-ranking hospitals remained on their positions when the weight of this
criterion increased to 0.3. Only the highest-ranking hospital remains on its position if
the weight of ROA changes by 0.1-0.2. For two other criteria, i.e., ROE, and contract
with NHF, the change by 0.1 is sufficient for the change in the first position in the ranking.
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Fig. 3. Number of highest positions kept for large (a) and medium-sized (b) hospitals.
Based on the data of district hospitals

In the case of medium-sized hospitals, the situation is slightly different. When the
weights of man-days total or the contract with NHF criteria were increased to 0.3, most
highest-ranking hospitals (5) maintained their positions. Changes of ROE have a slightly
bigger impact as in this case 4 highest-ranking hospitals kept their positions. As the
weights of these criteria increased, the number of ranks maintained by highest-ranking
hospitals decreased. The decrease started at first in the case of the contract with NHF crite-
rion, and when the weight exceeded 0.4 there was a clear decrease in the case of ROE and
man-days total criteria. In the case of ROA criterion, the difference between the newly con-
structed rankings and the base one occurred very fast, when the weight reached 0.3. Only
the highest-ranking hospital kept its position. It kept the first rank in next iterations as well.
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Fig. 4. Number of positions kept for large (a) and medium-sized (b) hospitals.
Based on the data of district hospitals

Obviously, the total number of hospitals that kept their positions as the weights were
changed was decreasing in both groups (Fig. 4). The clearest decrease can be seen in
the case of large hospitals and man-days total and profit/loss on sales criteria. In the
case of medium-sized hospitals, the decrease was most explicit in the case of man-days
total and contract with NHF criteria. Only 2—4 large hospitals kept their ranks in the
case of growing importance of ROE and 4—6 hospitals in the case of the increasing
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importance of ROA. For medium-sized hospitals, the impact of profit/loss on sales cri-
terion is relatively the strongest.
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Fig. 5. Maximum rank differences for large (a) and medium-sized (b) hospitals.
Based on the data of district hospitals

Maximum rank differences are increasing with the increase of weights (Fig. 5). For
large hospitals, differences are the smallest in the case of profit/loss on sales and ROA
criteria and for the medium-sized hospitals — in the case of man-days total and contract
with NHF criteria. It can be noticed that there were no cases of switching hospitals from
the first and last place due to the changes in the relative significance of the criteria.
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Fig. 6. The number of lowest positions kept for large (a) and medium-sized (b) hospitals.
Based on the data of district hospitals

In the case of the preserved number of lowest positions, there are differences be-
tween the two groups of hospitals (Fig. 6). For large hospitals and the criteria related to
profitability (ROA and ROE), the increase of weights by 0.1 meant that respectively only
1 and 2 hospitals classified in the lowest positions maintained their ranks. The increase of
the weight of the man-days total criterion has the slightest effect in the first iteration.
11 hospitals maintained their ranks in this case, which means that the ranking remained
unchanged. When the weight of this criterion increased to 0.4 only 2 hospitals ranked
lowest maintained their positions. For medium-sized hospitals, there was no change that
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would preserve the entire ranking. The most hospitals with lowest ranks (6) maintained their
positions when weights of man-days total criterion and contract with NHF criterion in-
creased by 0.1. No hospital maintained its rank when the importance of ROE was increasing.

4.2. Stability of rank for each individual hospital

The range of weights that assure ranks stability for individual hospitals is presented
in Tables 2, 3. It can be seen that the majority of large hospitals was most sensitive to
changes in ROE and profit/loss of sales criteria (Table 2). Hospitals L1-L4 were least
sensitive to changes of man-days total and profit/loss on sales criteria, while hospitals
L5-L8 and L11 were least sensitive to changes in ROA criterion. Hospital L10 can be
considered an exception because its evaluation was the least sensitive to change in ROE.
For 6 hospitals, the maximum lengths of intervals were above 0.8. On the other hand,
only in 3 cases, the minimum length of the interval was higher than 0.2.

Table 2. The range weights that assure ranks of stability for large hospitals by criteria

Hospital | Man-days total Profit/loss Contract with NHF ROA ROE
on sales
L1 0.191-0.8304 0.1848-0.99 0.01-0.2156 0.191-0.4492 0.01-0.2042
L2 0.191-0.3134 | 0.1848-0.312 0.1264-0.2156 0.191-0.2526 | 0.142-0.2042
L3 0.01-0.3134 0.01-0.312 0.1264-0.2574 0.01-0.2526 0.142-0.317
L4 0.01-0.3052 | 0.0514-0.4034 0.01-0.2574 0.1046-0.2996 | 0.114-0.2836
L5 0.01-0.3052 | 0.1762-0.4034 0.01-0.2668 0.1638-0.5046 | 0.088-0.218
L6 0.01-0.314 0.1762-0.321 0.01-0.2668 0.1638-0.99 0.0476-0.218
L7 0.01-0.4072 0.01-0.321 0.01-0.4096 0.01-0.99 0.0476-0.3156
L8 0.01-0.3226 0.158-0.2978 0.01-0.2974 0.1326-0.99 | 0.1438-0.2348
L9 0.01-0.3226 0.158-0.227 0.01-0.2974 0.1326-0.2528 | 0.1816-0.2348
L10 0.01-0.4272 0.01-0.227 0.01-0.3868 0.01-0.2528 0.1816-0.99
L11 0.01-0.6954 0.01-0.372 0.01-0.5996 0.01-0.99 0.0696-0.99

Based on the data of district hospitals.

In the case of medium-sized hospitals (Table 3), the ranges are smaller, partially due to
the greater number of hospitals. Only in the case of 3 hospitals, the length of the interval
was greater than 0.2. In general, these hospitals were least sensitive to changes in man-days
total and contract with NHF criteria and most sensitive to changes in profit/loss on sales and
ROE criteria. There are, however, exceptions. For example, hospital M1 is least sensitive to
changes in the relative significance of both profitability criteria.

For the second scenario (ROC weights) (Fig. 7) it is possible to identify both hospitals
in the case of which rank is relatively independent of weights, as well as hospitals that
are ranked both in the highest and lowest positions for different weight vectors. This
finding applies to both large and medium-sized hospitals, even though the overall
similarity of rankings remains high.
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Table 3. The range of stability for medium-sized hospitals by criteria
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Hospital | Man-days total Profit/loss Contract with NHF ROA ROE
on sales

Ml 0.01-0.687 0.01-0.9266 0.01-0.6226 0.01-0.99 0.0208-0.99
M2 0.01-0.687 0.01-0.2302 0.01-0.6226 0.01-0.2528 0.1808-0.99
M3 0.01-0.4572 0.0808-0.2302 0.01-0.6072 0.01-0.2528 0.1808-0.4294
M4 0.01-0.4284 0.0808-0.2398 0.01-0.3728 0.0524-0.259 | 0.1762-0.4294
M5 0.1598-0.4144 0.18-0.252 0.1646-0.3728 0.0524-0.213 | 0.1684-0.2336
M6 0.1598-0.2984 0.18-0.2568 0.1646-0.2828 0.1336-0.213 | 0.1668-0.2336
M7 0.01-0.2984 0.1406-0.2368 0.0988-0.2828 0.1534-0.2906 | 0.1642-0.3508
M8 0.1312-0.304 0.1238-0.22 0.0988-0.313 0.1798-0.2848 | 0.1618-0.261
M9 0.1598-0.3908 0.1798-0.22 0.064-0.2738 0.1798-0.2106 | 0.1596-0.261
MI10 0.1598-0.2582 0.1798-0.2682 0.064-0.2404 0.1326-0.2106 | 0.1582-0.347
MI1 0.1706-0.2582 0.1744-0.2194 0.1772-0.2404 0.1326-0.2412 | 0.1564-0.2698
M12 0.1706-0.2182 0.1926-0.2194 0.1772-0.2212 0.0944-0.2324 | 0.1544-0.2388
M13 0.17-0.2068 0.1966-0.225 0.1672-0.2098 0.0962-0.2148 | 0.1564-0.2388
M14 0.01-0.2068 0.1966-0.2976 0.01-0.2098 0.118-0.2148 | 0.1564-0.3398
M15 0.01-0.2936 0.1178-0.298 0.01-0.2962 0.1392-0.3076 | 0.1474-0.3174
M16 0.01-0.239 0.1748-0.291 0.01-0.253 0.1782-0.335 0.1426-0.26
M17 0.1906-0.239 0.1748-0.2006 0.1958-0.253 0.1994-0.3382 | 0.157-0.2042
M18 0.1906-0.2468 0.1586-0.2006 0.1958-0.275 0.1994-0.2406 | 0.1634-0.2042
M19 0.1836-0.2522 0.1832-0.255 0.1866-0.275 0.1948-0.2406 | 0.1634-0.2024
M20 0.1836-0.2744 0.1832-0.2466 0.1866-0.3458 0.1948-0.3686 | 0.1358-0.2024
M21 0.085-0.3096 0.1678-0.2466 0.01-0.3602 0.1704-0.2324 | 0.1398-0.2482
M22 0.085-0.2376 0.1834-0.2544 0.01-0.2472 0.143-0.2156 | 0.1772-0.2446
M23 0.01-0.2074 0.1866-0.2886 0.01-0.2472 0.1882-0.2156 | 0.1844-0.2152
M24 0.01-0.2074 0.189-0.2886 0.01-0.2522 0.1882-0.2242 | 0.1844-0.211
M25 0.01-0.2458 0.189-0.231 0.1188-0.253 0.1426-0.2274 | 0.1754-0.211
M26 0.1964-0.2458 0.1858-0.2012 0.1896-0.2904 0.1104-0.2024 | 0.1988-0.2152
M27 0.1964-0.2488 0.1644-0.2012 0.1896-0.2742 0.1598-0.2024 | 0.1988-0.2578
M28 0.1194-0.2488 0.1336-0.2138 0.01-0.2742 0.1598-0.279 0.187-0.25
M29 0.1194-0.5214 0.1336-0.2352 0.01-0.334 0.1242-0.279 0.165-0.25
M30 0.01-0.5214 0.052-0.214 0.01-0.456 0.1908-0.4574 | 0.1156-0.2188
M31 0.01-0.5134 0.01-0.214 0.01-0.4282 0.1908-0.329 0.132-0.2188
M32 0.01-0.4568 0.01-0.307 0.01-0.4282 0.1318-0.329 | 0.1462-0.3168
M33 0.01-0.4568 0.01-0.307 0.01-0.531 0.1822-0.3356 | 0.1462-0.217
M34 0.01-0.8052 0.01-0.3708 0.01-0.99 0.1822-0.99 0.01-0.217

5. Conclusions

The goal of the paper was to construct rankings of Polish district hospitals using
TOPSIS method and to assess the sensitivity of the results to the changes in weights as
based on data from 11 large and 34 medium-sized hospitals. To the best of the author’s
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knowledge, there are no Polish hospital rankings which use well-defined and known
multicriteria ranking methods. There are rankings which use algorithms developed by
experts, thus this study provides added value in this field. As compared with one of the
cited rankings of Polish hospitals [41], in our approach the set of criteria covers more
dimensions of hospital performance. The two groups of compared hospitals are homo-
geneous concerning business conditions (a form of ownership and running emergency
ward) and size, which improves the reliability of the results.
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Fig. 7. The distribution of ranks in the analysed groups for large (a) and medium-sized (b) hospitals.
Based on the data of district hospitals

The results show that the similarity of rankings is very high if assessed on the overall
measure, such as Spearman’s rank correlation coefficient, or similarity measure pro-
posed by Kukuta [17]. Despite this fact, there are almost no cases in which weight
changes do not affect the positions of hospitals. In general, this is not an unambiguously
bad signal for hospitals due to the relative nature of the study. The hospitals differ in the
criteria selected for the analysis, and the changes in the highest ranks suggest that it is
not possible to identify objects which earn the best scores on each criterion. In the case
of some hospitals, the ranks turned out to be relatively independent of weights. Those
objects may be regarded as some kind of benchmarks but, in general, benchmarking
using rankings should be done with care because of the changes in high positions.

We examined the changes both on the highest and lowest positions of rankings. In
case of the top positions, it could be seen that the ordering of large hospitals is most



110 A. SIELSKA

sensitive to changes in importance of ROE and contract with NHF criteria, while rank-
ings of medium-sized hospitals are most sensitive to changes in the weight of ROA. On
the other hand, lowest ranks were least prone to change if the importance of profit/loss
on sales and ROA criteria (large hospitals) and profit/loss on sales and ROE criteria
(medium-sized hospitals) were increasing.

It should be noted that the study has some limitations. Firstly, it does not cover all
district hospitals in Poland due to the problem with obtaining data. Secondly, the aspect
of quality of care and patients’ opinions is not included in the comparison. Broadening
the scope of the analysis to cover these topics, as well as identification of characteristic
features of most stable and highest-ranking hospitals, are among the most important
future directions within this field.
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