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Abstract
Benchmarking is a useful managerial tool to identify opportunities in order to improve the efficiency and effectiveness of a company 
via the application of benchmarks to assess and compare the company efficiency with the leader in the field or other selected com-
panies. For this reason, it is vital to conveniently select the different benchmarks and adequate methods for the evaluation. Having 
benchmarked five selected mining companies exploiting gravel-sand in the Czech Republic, CEMEX Sand, k.s., Českomoravský 
štěrk, a. s., LB MINERALS, s.r.o., CEMEX Cement, s.r.o., and ZEPIKO, spol. s r.o., the article aims to consider mutual replacebility 
of mathematical-statistical methods used for evaluation in benchmarking. Next, it verifies the agreement in results rendered by 
the solvency and bankruptcy models and those rendered by mathematical-statistical methods. We used eleven benchmarks (EBIT-
DA, ROA, ROS, WACC, Quick ratio, Total assets turnover, Net working capital turnover ratio, Interest coverage, Altman’s model, 
Index IN05, and Taffler’s model), and seven evaluation methods.  The research study shows that the majority of the examined 
benchmarking methods may be mutually replaced. Based on the results, we determined two groups of methods, out of which one 
method may be chosen and mutually combined with a method from the other group, and vice versa. The first group contains the 
Rank ordering weighting method, Point allocation method, Standardised variable method, Method of the distance from a fictitious 
object, Weighted sum method and TOPSIS method. The second group contains Weighted average method. The research also proves 
that selected benchmarks, such as Altman’s model and Taffler’s model, may be used on their own.
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Introduction
One of the key challenges company management must 

face is the attainment and maintenance of the competitive 
advantage. Considering the variety of businesses and man-
agers’ creativity, there are an endless number of ways how 
to fulfil the challenge, and this usually constitutes a chain of 
decisions taken by managers. The quality of the decisions is 
conditioned, inter alia, by the quantity and quality of informa-
tion that managers have available during the decision-making 
process. 

Managers or decision makers may apply benchmarking 
to gain the crucial knowledge. Benchmarking has its roots 
in the 1970s in the company XEROX (Camp, 1995). In the 
21st century, according to Stapenhurst (2009), organisations 
benchmark because of performance improvement, budgeting, 
testing ideas, technical problem solving and resolving dis-
putes. The popularity of benchmarking in business and the 
industry may be explained by its usefulness as well as by the 

fact that comparison especially with others and with the best 
is natural to people. By analogy, we may approach compari-
son from the point of view of company management. 

Moreover, benchmarking may contribute to the com-
pany’s goodwill and its positive image on its surroundings, 
including the environmental impacts. The environmental as-
pects may be the benchmarks (e.g. the budget for environ-
mental improvements, both absolute and relative). The fact 
that a company is the economic leader is not only a reflection 
of its commercial fitness, but also of its abilities to minimize 
the consumption of energies, materials, and production of 
waste during the production processes. If other companies 
aim to improve their results in the complex evaluation and 
approximate the leader, they cannot overlook positive atti-
tudes to environmental aspects.

Company management is responsible for the decisions and 
choices. Apart from benchmarking, company managers may 
rely on other methods to help them decide. Still, the decisions 
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Fig. 1. Modified benchmarking process (modified according Camp, 1995)

Tab. 1. Brief characteristics of benchmarked mining companies. Source: Mining Yearbook, 2015 + company websites

Rys. 1. Zmodyfikowany proces benchmarkingu (zmodyfikowany według Camp, 1995)

Tab. 1. Krótka charakterystyka benchmarkingu spółek

should be made based on a number of criteria. Multicriteria 
decision making (MCDM) is also popular to screen, priori-
tise, rank or choose alternatives grounded in human judgment 
from a limited number of alternatives (Roszkowska, 2013), 
who dealt with MCDM and compared ranking methods of 
weight determination. Adding multicriteria decision making 
methods to benchmarking, managers have plentiful means 
to arrive at exact conclusions and may thus formulate mea-
sures for further development of their companies. However, 
we realise that benchmarking may be a challenge for many 
managers as the topic has been approached from many points 
of view and the efforts resulted in a number of publications. 

Considering the high number of literature dealing with 
benchamarking, we may classify it into two groups. The first 
is constituted by books or textbooks, such as Camp, 1995; 

Rolstadas, 1995; Stapenhurst, 2009; Zairi, 2009, which ac-
quaint readers with benchmarking, but naturally the books 
are characteristic of certain generalisation in the approaches. 
The second group comprises of benchmarking applications in 
specific disciplines and areas (Henriksson, 2017; Kołodzie-
jczuk, 2016; Sweis, 2016; Talebi, 2014; Magd, 2011). More-
over, the study of multicriteria decision methods offers a wide 
range of specific methods that may be applied in benchmark-
ing. Rozskowská (2013) refers to many such methods (rank-
ing ordering method, DEA, AHP, DR, PA, LINPAC, SD, etc.) 
and authors in her comparative overview. It is clear that the 
stated methods vary in their intensity for data and processing. 
A question arises, though, whether simpler methods may ren-
der comparable results as many data-intense and time-con-
suming methods.
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Tab. 2. Input data of the 5 selected mining companies – part I (calculated by authors based on company annual reports). Source: Calculated by 
authors based on company annual reports

Tab. 2. Dane wejściowe dla 5 spółek górniczych – część I (wyliczone przez Autorów na podstawie raportów rocznych) 
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Tab. 3. Input data of the 5 selected mining companies – part II (calculated by authors based on company annual reports). Source: Ccalculated by 
authors based on company annual reports

Tab. 2. Dane wejściowe dla 5 spółek górniczych – część II (wyliczone przez Autorów na podstawie raportów rocznych) 
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Tab. 4. Benchmarking results of the examined companies between 2010 and 2014 using the benchmarking evaluation methods and selected bench-
marks. Source: own

Tab. 4. Wyniki benchmarkingu badanych spółek w latach 2010-2014 z wykorzystaniem metod oceny i benchmarkingu 
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Tab. 5. Comparison of results and statistical testing of the benchmarking evaluation methods based on Spearman’s coefficient of rank correlation 
Tab. 5. Porównanie wyników i testów statystycznych metod oceny benchmarkingowej w oparciu o współczynnik korelacji rang Spearmana

Method 
No. 

1 2 3 4 5 6 7 

1  0 .7 (IND) 0 .95 (PR) 1  (PR) 1 (PR) 1  (PR) 0.95 (PR) 
2   0 .85 (IND) 0 .7 (IND) 0 .7 (IND) 0 .7 (IND) 0.85 (IND) 
3    0 .95 (PR) 0 .95 (PR) 0 .95 (PR) 1 (PR) 
4     1  (PR) 1 (PR) 0.95 (PR) 
5      1  (PR) 0.95 (PR) 
6       0.95 (PR) 
7        

where IND – insignificant coefficient of rank correlation (independent results of benchmarkingmethods); NR –
significant coefficient (negative ordinal r elation); PR –  s ignificant c oefficient ( positive o rdinal r elation)
R_(S,0.,95) (5)=0.9 
Source: own 
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To obtain reliable results, it is crucial to choose the 
benchmarking criteria conveniently along with the different 
evaluation methods. It is the financial health of a company 
and its status among the competition that are valuable pieces 
of information for managers. Financial indicators are popu-
lar benchmarks, which is also supported by a relatively good 
availability of primary data.  Financial health of a company 
may also be evaluated by means of the so-called solvency and 
bankruptcy models. Altman and Eisenbeis (1978) established 
the final Z-score model which considered, inter alia, new 
standards of financial reporting. This final model is called 
Zeta analysis. Before 1980 Multiple Discriminant Analysis 
(MDA) prevailed in use in the majority of studies dealing 
with bankruptcy models of companies, and MDA has become 
a recognised standard method (Vochozka, 2010). In the Czech 
Republic, the most commonly applied methods are Altman’s 
model, Taffler’s index, Grünwald Solvency Model, etc. (Vo-
chozka, 2010). Another question is whether solvency and 
bankruptcy models may fully substitute benchmarking car-
ried out on the backgrounds of financial analysis indicators. 

As the available literature does not provide satisfactory 
answers to the questions stated above, we claim that it is de-
sirable to continue in the attempts to specify benchmarks and 
related evaluation methods. Our efforts aim to make the eval-
uation process easier for decision makers and accelerate the 
different phases of benchmarking evaluation. Referring back 
to the financial indicators, we may quote Benjamin Franklin 
and his famous quote that time is money. 

In order to answer the questions above, we need to bench-
mark. As we specialise in economics in the mining industry, 
we selected mining companies for the benchmarking, namely 
five selected mining companies exploiting gravel-sand in the 
Czech Republic, CEMEX Sand, k.s., Českomoravský štěrk, 
a.s., LB MINERALS, s.r.o., CEMEX Cement, s.r.o., and ZE-
PIKO, spol. s r.o. 

To direct the research, we formulated two hypotheses: H1-
There are evaluation methods applied in benchmarking that 
are mutually replaceable. H2 - Some solvency and bankruptcy 
models render comparable results to the mathematical-statisti-
cal methods examined herein in benchmarking evaluation.

The research was carried out by means of a case study 
of five selected mining companies exploiting gravel-sand in 
the Czech Republic using mathematical-statistical methods 

and solvency and bankruptcy models for the evaluation. The 
major objective was to determine whether the different eval-
uation methods are mutually interchangeable and whether the 
selected methods and solvency and bankruptcy models render 
identical results and conclusions. Because of the high number 
of different approaches and methodologies applied, this may 
be useful for the managers in the roles of decision-makers to 
make the process simpler and more straightforward.  

Methods and materials
Bechmarking is not a standardised method, which leads 

to a variety of definitions, concepts and methodological ap-
proaches (Nenadál, 2011). The starting point to answer the 
hypotheses was the benchmarking process comprising of five 
stages (planning, analysis, integration, action, and maturity) 
(Camp, 1995). The first two stages were key for the research 
and thus the benchmarking process was modified as below – 
see Figure 1. 

We assumed that benchmarking of performance parame-
ters (Nenadál, 2011) would be most suitable for the purpose 
as it focuses on the comparison of different performance pa-
rameters. We selected mining companies with volume mined 
of over 280,000 m3 of gravel-sand and sand for the bench-
marking. Another criterion was the availability of accounting 
books during the period under observation. As the volumes 
mined vary in the different years, the reference year was the 
year 2015. The data on mining are available in the Mining 
Yearbook 2015 (Hornická ročenka, 2015). Table 1 displays 
the five mining companies that met the conditions stated 
above. 

We compared the performance of the selected mining 
companies using benchmarks based on the financial analysis 
indicators and the so-called solvency and bankruptcy models. 
We used the following 11 benchmarks: (1) Earnings before 
Interest, Taxes, Depreciations and Amortization Charges – 
EBITDA; (2) Return on assets – ROA; (3) Return on sales – 
ROS; (4) Weight avarage cost of capital – WACC; (5) Quick 
ratio; (6) Total assets turnover; (7) Net working capital turn-
over ratio; (8) Interest coverage; (9) Altman’s model (Paolone 
et al., 2015); (10) Index IN05; (11) Taffler’s model (Bordeia-
nu et al., 2011).

We realize that it is very difficult to determine the weights 
of the different benchmarks unambiguously. Therefore, we 
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decided to attribute an identical weight to each used bench-
mark. The data for the analyses were obtained from the An-
nual Reports of the selected mining companies between 2010 
and 2014 (the Annual Reports are publically available at 
www.justice.cz). 

Tables 2 and 3 below provides the matrix of the input data 
for the benchmarking process. 

 
Evaluation methods of benchmarking

Despite each benchmarking phase being important for 
its successful implementation, we may claim that the core of 
the benchmarking process lies in the analytical phase. This 
is because via the application of specific methods we obtain 
the final information not only on the ranking of the compared 
companies, but also on the differences among the companies 
in question. 

According to Nenadál (2011), for the analysis to render 
relevant outputs, before own data processing it is vital to 
structure and classify the obtained data, to quantitatively ver-
ify the data, to clean the data from deformations, and finally 
to normalise the data (Nenadál, 2011).  

The analytical phase is characteristic of many methods 
and tools applied (Nenadál, 2011), (Camp, 1995). With re-
gard to the limits of an academic article, we tested the fol-
lowing five mathematical-statistical methods with the aim 
to determine whether they are interchangeable: (1) Rank or-
dering weighting method; (2) Weighted average method; (3) 
Point allocation method; (4) Standardised variable method; 
(5) Method of the distance from a fictitious object. 

Apart from the mathematical-statistical methods, we 
also used two multi-criteria decision analysis methods: (1) 
Weighted sum method; (2) Technique for Order of Preference 
by Similarity to Ideal Solution (TOPSIS) (Kobryń, 2016).

A unifying feature of the first five methods above is the 
fact that the methods transform and synthesise various in-
dicators into one, the so-called integration indicator. This 
subsequently expresses the level of the selected set of differ-
ent companies in a complex manner (Sedláček, 2011; Trian-
taphyllou, 2000). 

With regard to the application of various methods to 
benchmark companies, the methods may have different in-
formative values when determining the final ranking order. 
At the same time, different methods work with different 
benchmarks. Some of these, the so-called “solvency and 
bankruptcy models” (Altman’s model, Index IN05, Taffler’s 
model) are more complex in their structure (they contain 
more indicators) than the remaining 9 benchmarks. There is 
a question whether Altman’s model, Index IN05, or Taffler’s 
model have an analogous informative value as the examined 
benchmarking evaluation methods. In case the different ex-
amined benchmarking methods have analogous informative 
capacities based on statistical testing, they may be mutually 
interchangeable. At the same time, if selected benchmarks 
(solvency and bankruptcy models) have a similar informative 
value as the examined benchmarking methods, the selected 
benchmarks may be applied as evaluation methods on their 
own.

The final evaluation of the selected mining companies is 
carried out using the ranking order method (1st rank – the 
best evaluated company, 5th rank – the worst evaluated com-

pany). As the majority of companies achieve different ranks 
in the course of the evaluated period, the final evaluation of 
the selected mining companies is made via adding the ranks 
during the period under observation and by means of ranking 
according to the coefficient of variation. The ranking indi-
cator based on adding the ranks during the period under ob-
servation is arranged in the ascending order (the minimum 
sum represents the best value – 1st rank; the maximum sum 
represents the worst value – 5th rank). The indicator of the 
order according to the coefficient of variation is arranged in 
the same manner as mentioned previously. 

To verify the hypotheses, it is advisable to examine the 
so-called level of rank correlation, for example, using the 
Spearman’s coefficient of rank correlation coefficient defined 
as below (Sedláček, 2011; Wilcox et al., 1979):

(1)

where: di is the difference obtained between the rank gained 
via the first method, and rank obtained via the second method 
out of the two methods; n is the extent of the selected set 
(number of benchmarked companies).

The coefficient gains the values from the interval <-1; 
+1> and the interpretation of results is the same as in case 
of the well-known Pearson’s coefficients of pairwise correla-
tion (Sedláček, 2011). The level of rank correlation (results) 
obtained using a benchmarking evaluation method and using 
selected benchmarks (solvency and bankruptcy models) must 
be statistically tested. The testing statistics to verify the order 
independencies of the ordinal quantities may be the above 
mentioned Spearman’s coefficient of rank correlation RS 
(Budíková et al., 2010). The testing is carried out as below:

On the significance level α we test H0: The results of 
methods X and Y are order independent random quantities 
as opposed to:

•  bilateral alternative HA: The results of methods X 
and Y are order-dependent random quantities. The 
critical region fro the bilateral alternative is W=[-
1┤,├ RS,1-α/2 (n)]U [RS,1-α/2 ┤ (n),├ 1],

•  left-handed alternative HA: Between the results of 
methods X and Y there is an indirect order depen-
dency. The critical region for the left-handed alter-
native is W=[-1┤,├ RS,1-α(n)],├ 1] ,

•  right-handed alternative HA: Between the results of 
methods X and Y there is a direct order dependency. 
The critical region for the right-handed alternative is 
=[RS,1-α ┤ (n),├ 1] .

• RS,1-α/2 (n)  or RS,1-α (n) are critical values that we find in 
the statistical tables for α=0.05 or 0.01 and n≤30. The 
hypothesis on the order independency of the results of 
methods X and Y is thus rejected on the level of signif-
icance α, when RSϵW(Budíková at al., 2010).

Results and discussion
The research results are summed up in Tables 4 – 6 that 

evaluate the different examined companies using the here-
in defined benchmarking evaluation methods and selected 
benchmarks (solvency and bankruptcy models) during the 
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period under observation (2010-2014). 
Using all the evaluation methods and selected bench-

marks, the benchmarking results clearly imply that adding 
up the ranks for the given period the leader is Českomora-
vský štěrk, a.s., followed by LB Minerals, s.r.o. The third and 
forth came CEMEX Cement, s.r.o. and CEMEX Sand, k.s. 
The fifth was ZEPIKO, spol. s r.o. According to the indicator 
“Rank based on the sum of ranks throughout the period” we 
may find 2 groups of benchmarking evaluation methods and 
selected benchmarks that provide identical results. The first 
group of methods include Rank ordering weighting method, 
Standardised variable method, Method of the distance from a 
fictitious object, Weighted sum method and Altman’s model. 
The second group contains Point allocation method, TOPSIS 
method and Taffler’s model. 

As for the “Rank based on the coefficient of variation” we 
may rank the companies based on the majority of evaluation 
methods and selected benchmarks as follows: Českomora-
vský štěrk, a.s., ZEPIKO, spol. s r.o., LB Minerals, s.r.o., CE-
MEX Sand, k.s. and CEMEX Cement, s.r.o. On the grounds 
of this indicator there is a group of benchmarking evaluation 
methods that render identical results. These are Standardised 
variable method, Method of the distance from a fictitious ob-
ject, and Weighted sum method.

Nevertheless, the best method to determine the so-called 
level of rank correlation is Spearman’s coefficient of rank cor-
relation. This coefficient was calculated for n=5 observations 
(5 benchmarked companies). For pairwise correlation of all 
benchmarking evaluation methods (Table 5) the coefficient 
value did not fall below 0.7, which shows a high value of rank 
correlation. In the pairwise comparison of the methods with 
selected benchmarks (Table 6), the situation is different. When 
compared with all the benchmarking evaluation methods, Al-
tman’s model and Taffler’s model reach high values of this 
coefficient (at least 0.7). When compared with all the bench-
marking evaluation methods, Index IN05 reaches only mean 
values of the Spearman’s coefficient of rank correlation (at 
least 0.45). In pairwise comparison we identified 2 groups of 
methods that render identical results. The first group includes 
4 methods: Rank ordering weighting method, Standardised 
variable method, Method of the distance from a fictitious ob-
ject, and Weighted sum method (Table 5). The second group 
comnprises Point allocation method, and TOPSIS method. In 
the case of pairwise comparison of selected benchmarks and 
evaluation methods, we found identical results in Altman’s 
model and the first group of benchmarking evaluation methods 
as well as between the Taffler’s model and the second group of 
benchmarking evaluation methods (Table 6). This way, both 
Altman’s model and Taffler’s model may be considered sepa-
rate benchmarking evaluation methods.

Based on the carried out test of rank independence of 
ordinal quantities that was on the significance level α=0.05 
(being a common value in the economic and technical prac-
tice), we clearly proved a strong ordinal relation among the 
majority of the benchmarking evaluation methods (Table 4) 
as well as among the majority of the methods and majority of 
the selected benchmarks (Table 5). 

Considering the obtained results of the first and last min-
ing company, a possible conclusion may be that the company 
rank corresponds to its extraction volumes. The company Čes-

komoravský štěrk, a. s. had the best results between 2010 and 
2014, and it extracted the highest volumes of materials. The 
last company ZEPIKO, spol. s r.o., based on the benchmark-
ing results, extracted the smallest volumes of gravel-sands 
among the benchmarked companies. However, this construct 
does not hold true for LB Minerals, s. r. o., who came second, 
but would be third as for the extraction volumes. The volumes 
of extracted materials are an important factor affecting the 
overall results, but effective and economical utilisation of in-
put factors of production is undoubtedly decisive in success. 

Going back to the hypotheses formulated at the begin-
ning, let us first look at the mutual interchangeability of 
the benchmarking evaluation methods. Our research results 
prove that 6 out of 7 mathematical-statistical methods show a 
high level of agreement, which is represented by Spearman’s 
coefficient of rank correlation (Rs   0.9). The only exception 
was the Weighted average method, in which Spearman’s coef-
ficient of rank correlation was 0.7. 

As we benchmarked only five mining companies we may 
speak about a positive correlation only in case of a high coef-
ficient value. In the case of a higher set of compared compa-
nies, the cricitical region of the tested criterion would expand. 
If we benchmarked X companies, the coefficient of 0.7 would 
be acceptable and we could speak of an agreement of the 
Weighted average method with the remaining tested mathe-
matical-statistical methods used in benchmarking evaluation. 
The expansion of the set of the benchmarked companies is 
questionable, though, because of choosing suitable compa-
nies. On one hand, if we benchmark more companies, we 
may accept all the evaluation methods; on the other hand, it 
may not be sensible to include companies with low volumes 
of extraction and are thus incomparable as for the observed 
parameters. 

The second hypothesis asked about the applicability of 
solvency and bankruptcy models. The results imply that 2 out 
of 3 models, namely Alman’s model and Taffler’s model, may 
be used for benchmarking evaluation. However, based on the 
statistical testing results herein, Index IN05 cannot be applied 
in benchmarking evaluation on its own. We may, therefore, 
claim that both the hypotheses were confirmed. 

The next piece of knowledge arising from our research 
is the fact that by pairwise statistical comparison of results 
when studying the mathematical-statistical methods and sol-
vency and bankruptcy models based on Spearman’s coeffi-
cient of rank correlation (Table 4 and 5), there is no negative 
rank relation (NR). It means that it is possible to mutually 
combine the results of the mathematical-statistical methods 
and solvency and bankruptcy models. 

All the tested models have different internal architectures, 
and thus we cannot herein identify the causes for the results. 
It is though clear that it is vital to test other solvency and 
bankruptcy models, such as Tamari’s Index, Kralicek Quick 
Test, Grünwald Solvency Model, Solvency Index, etc. in the 
benchmarking evaluation. 

Conclusion 
The case study studied five selected mining companies ex-

ploiting gravel-sand in the Czech Republic using mathemat-
ical-statistical methods and solvency and bankruptcy models 
for the evaluation. It aimed to determine whether selected eval-
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uation methods are mutually interchangeable. Next, it com-
pared these method with solvency and bankruptcy models. 

Within the case study we determined two groups of meth-
ods, out of which one method may be chosen and mutually 
combined with a method from the other group, and vice versa. 
The first group contains the Rank ordering weighting meth-
od, Point allocation method, Standardised variable method, 
Method of the distance from a fictitious object, Weighted sum 
method and TOPSIS method. The Weighted average method 
belongs to the second group. The research results also prove 
that selected benchmarks, Altman’s model and Taffler’s model, 
may be used on their own. 

There are many different approaches and methodologies 
company managements may use, and thus the research results 

are useful for the managers in the roles of decision-makers to 
make the process simpler and more straightforward. Consid-
ering the number of available methods, we plan to continue 
in the comparison and research in mutual replaceability of 
benchmarking methods, different benchmarks and models.
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Analiza wybranych metod oceny w celu przetestowania zastępowalności metod matematyczno-
-statystycznych w benchmarkingu za pomocą modeli wypłacalności i upadłości: studium przy-

padku dla kopalń  piasku  i żwiru w Republice Czeskiej
Benchmarking jest użytecznym narzędziem do zarządzania, umożliwiającym identyfikację możliwości poprawy wydajności i sku-
teczności firmy poprzez zastosowanie testów porównawczych do oceny i porównania wydajności firmy z liderem w tej dziedzinie 
lub innymi wybranymi firmami. Z tego powodu konieczne jest  wybranie punktów odniesienia i metod oceny. Przeprowadzo-
no analizę porównawczą pięciu wybranych przedsiębiorstw wydobywczych eksploatujących złoża żwiru w Republice Czeskiej, 
CEMEX Sand, k.s., Českomoravský štěrk, a. s., LB MINERALS, s.r.o., CEMEX Cement, s.r.o. i ZEPIKO, spol. s r.o. Artykuł ma na 
celu przedstawienie zastępowalności metod matematyczno-statystycznych stosowanych w benchmarkingu. Zeryfikowano zgod-
ność wyników dla modeli wypłacalności i upadłości oraz modeli matematyczno-statystycznych. Wykorzystano jedenaście bench-
marków (EBITDA, ROA, ROS, WACC, Quick ratio, łączny obrót aktywów, wskaźnik rotacji kapitału obrotowego netto, pokrycie 
odsetek, model Altmana, indeks IN05 i model Tafflera) oraz siedem metod oceny. Badanie pokazuje, że większość badanych metod 
benchmarkingu może być wzajemnie zastępowana. Na podstawie wyników określono dwie grupy metod, z których jedna może 
zostać wybrana i połączona z metodą z drugiej grupy i odwrotnie. Pierwsza grupa zawiera metodę rankowania, metodę alokacji 
punktów, metodę zmiennej standardowej, metodę odległości od umownego obiektu, metodę sumy ważonej i metodę TOPSIS. Dru-
ga grupa zawiera metodę średniej ważonej. Badania dowodzą również, że wybrane testy porównawcze, takie jak model Altmana 
i model Tafflera, mogą być stosowane samodzielnie.

Słowa kluczowe: benchmarking, metody matematyczno-statystyczne, modele wypłacalności i upadłości, spółki górnicze




