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Abstract

In the research group we are working to provide further em-

rktkecn"gxkfgpeg"qp"vjg"dwukpguu"hcknwtg"hqtgecuv0"Eqorngz"Þv-
ting modelling; the study of variables such as the audit impact 

on business failure; the treatment of traditional variables and 

ratios have led us to determine a starting point based on a ref-

erence mathematical model. In this regard, we have restricted 

vjg"Þgnf"qh" uvwf{" vq"pqp/Þpcpekcn"icnkekcp"UOGu" kp"qtfgt" vq"
develop a model1 to diagnose and forecast business failure. We 

jcxg"fgxgnqrgf"oqfgnu"dcugf"qp" tgngxcpv"Þpcpekcn"xctkcdngu"
htqo"vjg"rgturgevkxg"qh"vjg"Þpcpekcn"nqike."xqnvcig"cpf"Þpcp-

cial failure, applying three methods of analysis: discriminant, 

logit and multivariate linear. Hkpcnn{."yg"jcxg"enqugf"vjg"Þtuv"
cycle using mathematical programming –DEA or Data Envel-

opment Analysis– to support the failure forecast. The simulta-

neous use of models was intended to compare their respective 

conclusions and to look for inter-relations. We can say that the 

resulting models are satisfactory on the basis of their capacity 

hqt"rtgfkevkqp0"Pgxgtvjgnguu."FGC"eqpvckpu"ukipkÞecpv"rqkpvu"
of criticism regarding its applicability to business failure.
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DEA como herramienta en el pronóstico del fallo empresarial. Aplicación al 

caso de las Pyme gallegas

Resumen

Este grupo de investigación busca aportar mayor evidencia del pronóstico del fracaso em-

presarial. La construcción de modelos de ajuste complejos, el estudio de variables tales 

como el impacto de la auditoría en el pronóstico del fracaso, así como el tratamiento de 

variables y ratios clásicas nos lleva a determinar un punto de partida mediante la construc-

ción de un modelo matemático que sirva de referencia. En este sentido, hemos reducido el 

ƒodkvq"fg"guvwfkq"c"R{og"pq"Þpcpekgtcu"icnngicu"eqp"gn"Þp"fg"fgucttqnnct"wp"oqfgnq"swg"
permita diagnosticar y pronosticar el fracaso empresarial. Hemos desarrollado los modelos 

eqp"dcug"gp"xctkcdngu"Þpcpekgtcu"tgngxcpvgu"fgufg"nc"„rvkec"fg"nc"n„ikec"Þpcpekgtc."nc"vgp-

uk„p"{"gn"htcecuq"Þpcpekgtq."crnkecpfq"vtgu"ogvqfqnqi‡cu"fg"cpƒnkuku<"fkuetkokpcpvg."nqikv"{"
lineal multivariante. Por último, hemos cerrado el primer ciclo, utilizando la programación 

matemática DEA (Data Envelopment Analysis+"eqp"gn"Þp"fg"hwpfcogpvct"nc"fgvgtokpcek„p"
del fracaso.  El uso simultáneo de los modelos se explica por la voluntad de comparar 

sus respectivas conclusiones y buscar elementos de complementariedad. La capacidad de 

rtqp„uvkeq"nqitcfc"pqu"rgtokvg"cÞtoct"swg"nqu"oqfgnqu"qdvgpkfqu"uqp"ucvkuhcevqtkqu0"Pq"
qduvcpvg."gn"FGC"rtgugpvc"fgvgtokpcfqu"rwpvqu"et‡vkequ"ukipkÞecvkxqu"gp"ewcpvq"c"uw"crnk-
cabilidad al pronóstico del fallo empresarial.

Palabra clave: investigación operativa DEA, fracaso empresarial, pronóstico.

Introduction

Business failure in its different manifestations –bankruptcy, temporary insolven-

ekgu."dcpmtwrve{"rtqeggfkpiu."ogtigtu"cpf"urkp/qhhuÏ" ku"c" tgewttgpv" vqrke" kp" "Þ-

nancial literature for its theoretical importance and for its serious consequences 

hqt" " geqpqoke" cevkxkv{0"Yg" ctg" ewttgpvn{" uggkpi" cp" kpgzrnkecdng" àwevwcvkqp" cpf"
lack of control in the national risk premium, which seems to be explained by the 

so-called insolvency of the analysed country. This prospect is sometimes promo-

ted by particular elements in the market that often have a speculative nature and 

others by the incorrect rating of the “rating agencies,” which are suspected to be 

biased and even completely incompetent, as well as in total cohabitation with the 

economic centres of decision. The mathematical models developed to this day are 

able to show the difference between failed and non-failed companies. The capacity 

to forecast  business failure is important from the point of view of shareholders, 
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creditors, employees, etc. Direct costs associated with business failure in the ju-

dicial environment represent an average 5% of the company’s book value. Also, 

kpfktgev"equvu"eqppgevgf"ykvj" nquu"qh"ucngu"cpf"rtqÞvu." vjg"itqyvj"qh"credit cost 

(risk premium), the impossibility to issue new shares and the loss of investment 

opportunities increase that cost to nearly 30%.2 Therefore, it is important to detect 

vjg"rquukdknkv{"qh"kpuqnxgpe{"kp"kvu"Þtuv"uvcigu0

Vjg" Þtuv" eqpvtkdwvkqpu" fcvg" dcem" vq"Dgcxgt" *3;88+."Cnvocp" *3;8:+" cpf"Qjnuqp"
(1980), who examined different methodological alternatives to the development of 

explanatory and forecast models for these events. The most traditional approach 

has been enriched with the development of alternative models, more reliable and 

less dependent on methodological, determining factors; among them, we can hi-

ghlight the logit and the probit analyses; the recursive portioning techniques and 

ugxgtcn"ejctcevgtkuvke"hqtou"qh"ctvkÞekcn"kpvgnnkigpeg"Ïdqvj"gzrgtv"u{uvgou"cpf"pg-
vyqtmu"qh"ctvkÞekcn"dtckp"egnnu."cu"ygnn"cu"uwrrqtv"xgevqt"ocejkpgu0"Vjg"eqorngz"
cpf"wpuvtwevwtgf"pcvwtg"qh" vjg"cpcn{uku"cnuq" lwuvkÞgu" vjg"crrnkecvkqp"qh"jgwtkuvke"
methods such as computer-assisted techniques of social decision and, of course, 

fuzzy logic models.

Business failure

The research of business failure in its different manifestations –bankruptcy, tem-

porary insolvencies, bankruptcy proceedings, mergers and spin-offs– is a recurrent 

vqrke"kp""Þpcpekcn"nkvgtcvwtg"hqt"kvu"vjgqtgvkecn"korqtvcpeg"cpf"hqt"kvu"ugtkqwu"eqp-

sequences for the economic activity. Several alternative methodologies have been 

fkuewuugf"qp"vjg"dcuku"qh"vjg"Þtuv"eqpvtkdwvkqpu"qh"Dgcxgt"*3;88+."Cnvocp"*3;8:+"
cpf"Qjnuqp"*3;:2+"kp"qtfgt"vq"fgxgnqr"gzrncpcvqt{"cpf"rtgfkevkxg"oqfgnu"hqt"vjgug"
events. The most traditional approach, materialised in the initial studies by Altman 

*Cnvocp."3;8:="Cnvocp"et al., 1977; Altman, 2000; Altman et al., 2010), has been 

enriched with the development of alternative models, perhaps more reliable and 

less dependent on methodological, determining factors; among them, we can high-

nkijv" vjg" nqikv" cpf" vjg" rtqdkv" cpcn{ugu" *Octvkp." 3;99="Qjnuqp." 3;:2="¥oklgyumk."
1984); the recursive portioning techniques (Frydman et al., 1985) and several char-

cevgtkuvke"hqtou"qh"ctvkÞekcn"kpvgnnkigpeg"Ïdqvj"gzrgtv"u{uvgou"cpf"pgvyqtmu"qh"ctvk-
Þekcn"dtckp"egnnu"*Oguukgt"cpf"Jcpugp."3;::="Dgnn"et al., 1990; Hansen and Messier, 

2Warner (1977)
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1991; Serrano and Martín del Brio, 1993; Koh and Tan, 1999; Brockett et al., "4228+."
as well as support vector machines (Shin et al., 2005; Härdle et al., 2005). The 

eqorngz"cpf"wpuvtwevwtgf"pcvwtg"qh" vjg"cpcn{uku"cnuq" lwuvkÞgu" vjg"crrnkecvkqp"qh"
heuristic methods such as computer-assisted techniques of social decision (level-3 

GDSS, for example Sun and Li, 2009) and, of course, fuzzy logic models (Dubois 

cpf"Rtcfg."3;;4="Unqykpumk"cpf"¥qrqwpkfku."3;;7="OeMgg"cpf"Ngpudgti."4224+0"

Vjg"Þtuv" hqtocn" uvwf{"qh" vjg"dwukpguu" hcknwtg"dcugf"qp"gzrncpcvqt{"oqfgnu"ycu"
rgthqtogf"d{"Dgcxgt"*3;88+."yjq"cpcn{ugf"vjg"rjgpqogpqp"ykvj"vjg"jgnr"qh"vjg"
Þpcpekcn"nqike"cpf"vjg"kphqtocvkqp"rtqxkfgf"d{"vjg"Þpcpekcn"uvcvgogpvu0"DgcxgtÔu"
crrtqcej"*3;88+"rtqxkfgu"cp"gzrcpfgf"xkukqp"qh"vjg"dwukpguu"hcknwtg"eqpegrv"rgt-
hgevn{"eqpukuvgpv"ykvj"vjg"oqfgtp"Þpcpekcn"crrtqcej."cnvjqwij"uwhhgtkpi"htqo"vjg"
inherent limitations of his statistical methodology. 

Cnvocp"*3;8:+" ku" vjg" tghgtgpeg"cpvgegfgpv" kp" vjg"crrnkecvkqp"qh" vjg"ownvkxctkcvg"
approach to the business failure issue: he suggested the development of discrimi-

pcpv"oqfgnu"vjcv."crctv"htqo"vjg"rtqrgt"encuukÞecvkqp."eqwnf"dgeqog"fg"hcevq"uvcp-

dards and contribute to enhancing the objectivity of the solvency analysis. Howe-

ver, the implementation of MDA is conditioned by its scenario, particularly, by the 

requirement that factors should be distributed in accordance with a normal model 

Ïuqogvjkpi"vjcv."cu"ku"mpqyp."ku"cv"ngcuv"ctiwcdng"kp"vjg"ecug"qh"Þpcpekcn"tcvkquÏ"cpf"
by the fact that the (failed and solvent) subpopulations should be homoscedastic. 

Fwg"vq"kvu"ocvjgocvkecn"crrtqcej."vjg"fkuetkokpcpv"oqfgnu"fq"pqv"rtqxkfg"urgekÞe"
information to determine the causes and internal structure of the failed event, even 

when they [are] re-estimated for several time windows (De Llano et al., 2010, 

2011abc).

Qjnuqp" *3;:2+" wugf" vjg" nqikv" crrtqcej." yjkej" ycu" qtkikpcnn{" wugf" d{" Octvkp"
*3;99+."vq"cuuguu"vjg"uqnxgpe{"qh"Þpcpekcn"gpvkvkgu."cpf"igpgtcnkugf"kv"hqt"c"oqtg"ig-
pgtcn"ecug<"vjg"pqp/Þpcpekcn"eqorcpkgu0"Jg"kortqxgu"OctvkpÔu"qtkikpcn"crrtqcej"
(1977) thanks to a theory that estimates the probability of failure in an industrial 

eqorcp{"qp"vjg"dcuku"qh"hqwt"dcuke"cvvtkdwvgu<"fkogpukqp."Þpcpekcn"uvtwevwtg."Þpcp-

cial performance and liquidity. Beyond the methods, the logit approach is in line 

with the idea that business failure is not a dichotomous event, as Altman’s MDA 

approach showed, but a complex gradable phenomenon. That is precisely why a 

eqortgjgpukxg"encuukÞecvkqp"oc{"dg"nguu"tgngxcpv"cpf"ukipkÞecpv"vjcp"vjg"ogcuw-

tgogpv"qh"vjg"nkmgnkjqqf"vjcv"c"eqorcp{"yknn"hckn."kttgurgevkxg"qh"vjg"urgekÞecvkqp"
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chosen for this dependent variable. Altogether, logit models have proved to be at 

ngcuv"cu"ghÞekgpv"cu"OFC0"Hkpcnn{"Qjnuqp"*3;:2+"eqpÞtogf"vjcv"eqodkpkpi"rwtgn{"
ceeqwpvkpi"kphqtocvkqp"ykvj"gzvgtpcn"cpf"octmgv" kpfkecvqtu"cnnqyu"hqt"c"ukipkÞ-

cant improvement of the explanatory and predictive capacity of models, as well 

cu"rtqxkfkpi"vjg"Þtuv"kpfkecvkqpu"vjcv"Þpcpekcnn{"fkuvtguugf"eqorcpkgu"vgpf"vq"igv"
involved in formal irregularities (such as delays in annual account deposits or the 

ceewowncvkqp"qh"swcnkÞecvkqpu+"cpf"okpkokug"vjg"àqy"qh"kphqtocvkqp"gxgp"dg{qpf"
the legally required standards (Piñeiro et al., 2011).

The development and validation of these models have provided valuable evidence, 

pqv"qpn{"vq"dgvvgt"wpfgtuvcpf"vjg"ecwugu"cpf"gxqnwvkqp"qh"vjg"Þpcpekcn"cpf"uvtwevwtcn"
processes that lead to failure but also to identify key variables and indicators that 

fktgevqtu"cpf"gzvgtpcn"wugtu"ujqwnf"eqpvtqn"kp"qtfgt"vq"kphgt"vjg"gzkuvgpeg"qh"Þpcp-

cial dysfunctions and forecast possible default or insolvency events. Here we must 

jkijnkijv"c"uocnn"pwodgt"qh"Þpcpekcn"tcvkqu"tgncvgf"vq"nkswkfkv{."rtqÞvcdknkv{"cpf"vjg"
circulation of current assets and liabilities (Rodríguez et al., 2010), and also macro-

economic factors (Rose et al., 1982), proxies related to management quality (Peel et 

al., 3;:8="Mgcug{"cpf"Ycvuqp."3;:9+."cpf"swcnkvcvkxg"kpfkecvqtu"tgncvgf"vq"vjg"cwfkv"
of accounts (Piñeiro et al., 2011).

It is precisely because of the failure events that the design and contrast of em-

rktkecn"oqfgnu" vgpf"vq"gorjcukug"vjgkt"ecrcekv{"vq"kfgpvkh{"Þpcpekcnn{"fkuvtguugf"
companies. Therefore, the validation seems to have been aimed at enhancing the 

capacity to prevent type II errors (to wrongly assume that a faltering and potentia-

nn{"hckngf"eqorcp{"ku"Þpcpekcnn{"jgcnvj{+0"C"uvknn"wpuqnxgf"swguvkqp"tghgtu"vq"vjg"
precise study of false positives." k0g0" vjg"uvwf{"qh"uqnxgpv"eqorcpkgu"encuukÞgf"cu"
rqvgpvkcnn{"hckngf0"Qjnuqp"*3;:2+"ftcyu"cvvgpvkqp"vq"vjg"cdpqtocnn{"nqy"gttqt"tcvgu"
observed in earlier studies (especially in Altman’s MDA models), as later research 

has shown divergences that are not explained in the type I and type II (de Llano et 

al., 2010). Due to reasons that may be rooted in the sampling or the method itself, 

models seem to achieve outstanding results among failed companies unlike the 

solvent companies, suggesting that they tend to overestimate the probability of 

hcknwtg<"vjg"tcvg"qh"jgcnvj{"eqorcpkgu"swcnkÞgf"cu"rqvgpvkcnn{"hckngf"ku"ukipkÞecpvn{"
jkij."cv"ngcuv"yjgp"eqorctgf"vq"vjg"v{rg"K"gttqt"tcvg0"Qwt"gzrgtkgpeg"ujqyu"vjcv"
vjgug"dkcugf"qrkpkqpu"ctg"eqpegpvtcvgf"kp"eqorcpkgu"vjcv"ujctg"urgekÞe"Þpcpekcn"
ejctcevgtkuvkeu"dgecwug"qh."hqt"gzcorng."vjg"pcvwtg"qh"vjgkt"cevkxkv{."Þpcpekcn"cpf"
ownership structure, or the temporal asymmetries in their income generation pace. 
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This issue is closely connected to the initial calibration of the model as well as 

vjg"ncvgt"cpcn{uku"qh"kvu"eqghÞekgpvu"*Oq{gt."3;99="Cnvocp."4222+0"Dwv"dgukfgu"kvu"
uvcvkuvkecn"tgngxcpeg."c"v{rg"K"gttqt"jcu"cp"gpqtoqwu"rtcevkecn"ukipkÞecpeg"hqt"vjg"
eqorcp{."cu"kv"wpfgtokpgu"ngpfgtuÔ"cpf"octmgv"eqpÞfgpeg."cpf"kv"oc{"cnuq"wpfgt-
okpg"vjg"eqorcp{Ôu"Þpcpekcn"uvcpfkpi."ftkxkpi"kv"vq"cp"gxgpvwcn"kpuqnxgpe{."yjkej"
otherwise would not have happened.

In recent years a number of models based on the Data Envelopment Analysis 

(DEA) have been developed to forecast business failures and compare these re-

uwnvu"ykvj"vjqug"cejkgxgf"vjtqwij"qvjgt"vgejpkswgu"uwej"cu"vjg"¥/Ueqtg"*Cnvocp+"
qt" vjg"NQIKV"*Qnujqp+0"Vjg"nqikuvke"tgitguukqp"vgejpkswg"wugu"vjg"ewv/qhh"rqkpv"
qh"207"hqt"vjg"encuukÞecvkqp"*rqvgpvkcn"hcknwtg"rtqdcdknkv{."ewv/qhh"rqkpv"vq"tcvg"vjg"
cases). In terms of probability, this means that the companies who are over the 

cut-off point are solvent and the ones who are not are insolvent. As Premachandra3 

rqkpvgf"qwv."vjg"NQIKV"ewv/qhh"rqkpv"qh"207"ku"pqv"crrtqrtkcvg"hqt"vjg"encuukÞecvkqp"
qh"dqvj"hckngf"cpf"pqp/hckngf"eqorcpkgu"yjgp"wukpi"vjg"FGC"ghÞekgpe{"cpcn{uku0"
Jg"uckf"vjcv"ghÞekgpe{"ueqtgu"kp"FGC"cpcn{ugu"ecp"dg"vqq"uncpv."gurgekcnn{"yjgp"
wukpi"uwrgt/ghÞekgpv"FGC"oqfgnu0"Vjgtghqtg."kh"yg"wug"vjg"FGC"cpcn{uku"cu"c"vqqn"
to forecast business failure, we should use an adjusted discriminant analysis or an 

evaluating function, establishing values between 0.1 and 0.9 for the cut-off point. 

There are many studies in the literature where the logistic regression –or probit– is 

wugf" vq" hqtgecuv"dwukpguu" hcknwtgu0"Vjg{"ctg"ogvjqfu"dcugf"qp"ugrctcvkpi" vjg"Þv"
sample from the contrast sample. 

Data Envelopment Analysis (DEA)

Data Envelopment Analysis (DEA),4 5  called frontier analysis, is one of the li-

near programming applications. This is a mathematical programming technique 

to measure the performance of groups of economic or social structures within the 

ucog" kpfwuvt{"ugevqt0"FGC"rwtrqug" ku" vq"ogcuwtg" vjg"ghÞekgpe{"qh"gcej"qticpk-
sational unit by translating the available data into multiple results explaining its 

ghÞekgpe{<"vjg"fgitgg"qh"kprwv/ghÞekgpe{0"Fwg"vq"vjg"jkij"pwodgt"qh"tgngxcpv"xc-
tkcdngu."kv"ku"fkhÞewnv"hqt"vjg"ocpcigt"vq"fgvgtokpg"yjkej"eqorqpgpvu"qh"vjg"qtic-
pkucvkqp"ctg"cevwcnn{"ghÞekgpv0"GhÞekgpe{"yknn"dg"fgvgtokpgf"d{"vjg"tcvkq"dgvyggp"

3Premachandra et al.  (2009).
4Charnes, Cooper and Rhodes (1978).
5De Llano and Piñeiro (2011): 221-225.
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the monetary value of the output (ur) and the monetary value of the input (v
i
):

"FgÞpgf" kp" vjku"ocppgt." ghÞekgpe{" gzrtguugu" vjg"
eqpxgtukqp"tcvkq"qh"kprwvu"vq"qwvrwvu0"Vjg"enqugt"vjg"eqghÞekgpv"ku"vq"3."vjg"jkijgt"
vjg"fgitgg"qh"ghÞekgpe{"yknn"dg"hqt"vjg"qticpkucvkqp"cuuguugf0"Qpg"nkokvcvkqp"qh"vjku"
ghÞekgpe{"ogcuwtgogpv"u{uvgo"ku"vjcv"rtkegu"owuv"dg"kfgpvkecn."qvjgtykug"vjg"eqo-

rctkuqp"ecppqv"dg"eqpukfgtgf"vq"dg"hckt0"Vjg"ghÞekgpe{"xcnwgu"hqt"gcej"cpcn{ugf"
element must be between 0 and 1. The construction of the mathematical program-

okpi"oqfgn"tgswktgu"vq"fgÞpg"vjg"qdlgevkxg"hwpevkqp."yjkej"yknn"dg"vjg"tguwnv"qh"
oczkokukpi"vjg"vqvcn"xcnwg"qh"vjg"Þpcn"rtqfwevu<8  The model 

only generates one restriction, where outputs are equal to the inputs for all the 

companies analysed  . It appears that we are being taken away 

htqo"vjg"Þpcpekcn"vctigv"qh"jcxkpi"cp"ghÞekgpv"eqorcp{"kh"vjg"xcnwg"qh"kvu"Qwvrwvu"
(u

r
) is higher than the value of its Inputs (v

i
). What we are trying to determine is the 

xcnwg"vjcv"ocmgu"vjg"eqorcp{"*G?3+"ghÞekgpv0"Eqpugswgpvn{."vjg"eqorcp{"vjcv"ku"
pqv"ghÞekgpv"yknn"jcxg"c"nqygt"xcnwg"*G>3+0"Pqvykvjuvcpfkpi"vjg"vtkxkcn"kpvgtrtgvc-
tion of “how can it be possible that the output is lower than the input?” it is clear 

that  
 
does not work for us as it means that  , which in PL terms is the 

same as saying that  . The solution algorithm aims to wear out the limits 

of restrictions, therefore, to cancel h. In this case, the associated shadow price will 

(most likely) be positive. We also know that this means that if it was possible to in-

crease the corresponding input available by one unit we would be able to increase 

the output volume by one unit too. Thus:

̋" It makes sense to demand  because it is coherent with the logic of the 

PL model regarding minimising the surpluses, which in this case means 

cp" kpcevkxg" rtqfwevkqp" ecrcekv{" cuuqekcvgf" vq" iqqf" Þpcpekcn" uvcpfkpiu0"
This idea implied in the investment models: performed projects equal to 

tguqwtegu" cxckncdng" cpf." vjg" iqqf" Þpcpekcn" uvcpfkpi" tgàgevkpi" kpcevkxg"
funding –which we will try to minimise.

̋" Vjg" kfgcn" oczkowo" yqwnf" dg" cejkgxgf" yjgp" cnn" vjg" iqqf" Þpcpekcn"
standings were cancelled, which would mean to maximise the use of the 

8Charnes, Cooper and Rhodes (1978).



Pablo de Llano Monelos, Carlos Piñeiro Sánchez y Manuel Rodríguez López

72 Contaduría y Administración 59 (2), abril-junio 2014: 65-96

tguqwtegu0"Vjku"rtqfwevkqp"wpkv."k0g0"vjku"eqorcp{."yqwnf"dg"vjg"ghÞekgpe{"
paradigm and would be standing in that imaginary frontier resulting from 

the model.

̋" In terms of duality, this ideal maximum allows us to evaluate the mixture and 

the degree of use of the resources, assigning them a price. It is interesting to 

observe that, the way they are now, these optimal conditions are a similar 

concept to the theoretical relation of balance between the revenues and the 

marginal costs –the marginal cost is that one caused by the increase of the 

limit of restriction while the marginal income is the increase of the output, 

precisely, the shadow price. Again, the maximum refers to I’ = C’, i.e. to 

output = input.

Kp"3;;5"Dctt."Ugkhqtf"cpf"Ukgou"tgngcugf"c"vqqn"vq"ogcuwtg"vjg"ocpcigtkcn"ghÞekgp-

e{"qh"dcpmu"dcugf"qp"Þpcpekcn"cpf"ceeqwpvkpi"kphqtocvkqp0"Vjg"oqfgn"wugf"dcpmuÔ"
guugpvkcn"hwpevkqpu"qh"Þpcpekcn"kpvgtogfkcvkqp"vq"fgvgtokpg"c"vqqn"vq"ogcuwtg"vjgkt"
productivity. The traditional way to measure productivity is the ratio of the multi-

ple outputs and inputs.

We use the term DMUs for Decision Making Units. Perhaps we should try to turn 

it into a worldlier term and talk about the elements we wish to compare: Depart-

ments; Companies; Transportation; Communications; etcetera, or any other ele-

ment/unit we wish to compare to another or others of its peers. Thus, if we consider 

that we have m inputs and s outputs, the DMU will explain the given transfor-

mation of the input m in the output s" cu"c"ogcuwtg"qh"rtqfwevkxkv{" *ghÞekgpe{+0"
The literature about investments has been focused on the study of models with 

measurable variables. That’s why in the last decades we found a few new models 

covering the need for including all those variables that take part in the decision 

making process regarding investments but that are not  being considered because 

of their intangible nature.

Vtqwvv" *3;;8+" kpvtqfwegf"c" vgejpkecn"pqvg"dcugf"wrqp"vjtgg"cuuworvkqpu<"oqpq-

tonicity of all variables, convexity of the acceptable set and no Type II errors (no 

hcnug"pgicvkxgu+0"Vjg{"wug"cp"ghÞekgpv"htqpvkgt"vjcv"ku"eqooqpn{"wugf"kp"xctkqwu"Þ-

pcpekcn"Þgnfu0"Guugpvkcnn{."FGC"ecp"dg"wugf"lwuv"vq"ceegrv"qt"tglgev"u{uvgou"cu"nqpi"
as all the variables are conditionally monotone and the acceptable set is convex.

Tgv¦nchh/Tqdgtvu" *3;;8+" uvtguugu" vyq" uggokpin{" wptgncvgf" vgejpkswgu<"FGC"cpf"
DA (Discriminant Analysis). She points out that DEA is a model to evaluate rela-
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vkxg"ghÞekgpekgu."yjgpgxgt"vjg"tgngxcpv"xctkcdngu"ctg"ogcuwtcdng0"Qp"vjg"eqpvtct{."
the discriminant analysis is a forecast model such as in the business failure case. 

Dqvj"ogvjqfu"*FGC"Ï"FC+"cko"cv"ocmkpi"encuukÞecvkqpu"*kp"qwt"ecug."qh"hckngf"cpf"
healthy companies) by specifying the set of factors or weights that determines a 

particular group membership relative to a “threshold” (frontier).

Ukpwcp{/Uvgtp"*3;;:+"rtqxkfgu"cp"ghÞekgpe{"cpf"kpghÞekgpe{"oqfgn"dcugf"qp"vjg"
optimisation of the common weights through DEA, on the same scale. This me-

thod, Discriminant DEA of Ratios, allows us to rank all the units on a particular 

wpkÞgf"uecng0"Ujg"yknn"ncvgt"tgxkgy"vjg"FGC"ogvjqfqnqi{"cnqpi"ykvj"Cfngt"*4224+."
introducing a set of subgroups of models provided by several researchers, and ai-

ogf"cv"vguvkpi"vjg"tcpmkpi"ecrcekv{"qh"vjg"FGC"oqfgn"kp"vjg"fgvgtokpcvkqp"qh"ghÞ-

ekgpe{"cpf"kpghÞekgpe{"qp"vjg"dcuku"qh"vjg"FOWu0"Kp"vjg"ucog"yc{."Eqqm"*422;+"
summarises 30 years of DEA history. In particular, they focus on the models me-

cuwtkpi" ghÞekgpe{." vjg" crrtqcejgu" vq" kpeqtrqtcvg"ownvkrnkgt" tguvtkevkqpu." egtvckp"
considerations with respect to the state of variables and data variation modelling.

Moreover, Chen (2003) models an alternative to eliminate non-zero slacks while 

rtgugtxkpi"vjg"qtkikpcn"ghÞekgpv"htqpvkgt0"

There have been many contributions in recent years, of which we can highlight 

Sueyoshi (2009), who used the DEA-DA model to compare Japanese machinery 

cpf"gngevtke"kpfwuvtkgu."T(F"gzrgpfkvwtg"cpf"kvu"korcev"kp"vjg"Þpcpekcn"uvtwevwtg"
of both industries. Premachandra (2009) compares DEA, as a business failure pre-

diction tool, to logistic regression. Liu (2009), with regards to the existing search 

hqt"vjg"ÑiqqfÒ"ghÞekgpv"htqpvkgt."vtkgu"vq"fgvgtokpg"vjg"oquv"wphcxqwtcdng"uegpctkq."
k0g0"vjg"yqtuv"ghÞekgpv"htqpvkgt"ykvj"tgurgev"vq"hckngf"eqorcpkgu."yjgtg"tcpmkpi"vjg"
yqtuv"rgthqtogtu" kp" vgtou"qh"ghÞekgpe{" ku" vjg"yqtuv"ecug"qh" vjg"uegpctkq"cpcn{-

sed. Sueyoshi and Goto (2009a) compare the DEA and DEA-DA methods from 

vjg"rgturgevkxg"qh" vjg"Þpcpekcn" hcknwtg"hqtgecuv0"Uwg{qujk"cpf"Iqvq"*422;d+"wug"
FGC/FC"vq"fgvgtokpg"vjg"encuukÞecvkqp"gttqt"qh"hckngf"eqorcpkgu"kp"vjg"Lcrcpgug"
eqpuvtwevkqp"kpfwuvt{0"Uwg{qujk"*4233+"cpcn{ugu"vjg"ecrcekv{"qh"vjg"encuukÞecvkqp"
by combining DEA and DEA-DA, as in (2011a) on the Japanese electric industry. 

Finally, Chen (2012) extends the application of DEA to two-stage network structu-

tgu."cu"Ujgvv{"*4234+"rtqrqugu"c"oqfkÞgf"FGC"oqfgn"vq"hqtgecuv"dwukpguu"hcknwtg"
in Information Technology and IT Enabled Services companies (IT/ITES) in India.



Pablo de Llano Monelos, Carlos Piñeiro Sánchez y Manuel Rodríguez López

74 Contaduría y Administración 59 (2), abril-junio 2014: 65-96

Thirty years of DEA

It has been thirty years since Charnes, Cooper and Rhodes released their model to 

ogcuwtg"ghÞekgpe{"kp"3;9:."c"oqfgn"vjcv"ku"wugf"vq"eqorctg"ghÞekgpe{"dgvyggp"
several units, departments, companies and tools. It is a technique that allows us to 

fgvgtokpg"tgncvkxg"ghÞekgpe{"cpf"vjcv"tgswktgu"vq"jcxg"swcpvkvcvkxg"ecrcekv{<"kprwvu"
at their price, outputs at their price. 

In 2009, Cook and Seinford released an article containing the evolution of DEA 

from 1978 to 2008, as just a DEA evolution overview and its state of the art. Re-

garding business failure, the really important thing is the union of DEA with the 

DA phenomenology; DEA adversus DEA-DA. Before discussing the modelling 

cpf"tguwnvu."yg"ujqwnf"pqvg"vjcv"FGC"ku"lwuv"wugf"vq"fgvgtokpg"tgncvkxg"ghÞekgpe{0"
Therefore, it is not an instrument that can be used to classify “in or out of,” yes/no, 

Ñdghqtg"qt"chvgt=Ò"cu"FGC"ogcuwtgu"tgncvkxg"ghÞekgpe{."pqv"oczkowo"qt"qrvkocn"
ghÞekgpe{"fgurkvg"kvu""dgkpi"dcugf"qp"nkpgct"rtqitcookpi"qrvkokucvkqp0

Proposal

In order to contrast the model, we have taken a sample of small and medium size 

galician enterprises, which have been put into two categories: failed and healthy. 

Despite not showing in detail the very different causes why the companies got into 

Þpcpekcn"vtqwdngu."vjg"ucorng"jcu"vjg"uvtgpivj"qh"dgkpi"qdlgevkxg"cpf"iwctcpvggkpi"
c" eqortgjgpukxg" encuukÞecvkqp" hqt" cnn" vjg" eqorcpkgu."yjkej" ku" guugpvkcn" hqt" vjg"
application of the several analysis methods (MDA, Logit, and DEA). The use of 

oqtg"àgzkdng" etkvgtkc" ku" wpfqwdvgfn{" cp"qrvkqp" vq" eqpukfgt" vq" tgÞpg" vjg" u{uvgo"
ukpeg"kv"ujqyu"oqtg"ceewtcvgn{"urgekÞe"ukvwcvkqpu"qh"kpuqnxgpe{"uwej"cu"vjg"tgvwtp"
of stocks. Nevertheless, the special features of these situations bring forward an 

element of subjectivity, as there are several sources of information (RAI, BADEX-

CUG, etc.), not all of them compatible.

Yg"jcxg"jcf"ceeguu"vq"vjg"qhÞekcn"ceeqwpvkpi"kphqtocvkqp"qh"97"862"icnkekcp"eqo-

rcpkgu"dgvyggp"4222"cpf"42320"Qwv"qh"vjgo."vjtgg"jwpftgf"cpf"gkijv{/hqwt"*5:6+"
ctg"kp"c"ukvwcvkqp"qh"dcpmtwrve{"qt"Þpcn"nkswkfcvkqp."vjgtgd{."vjgtg"ctg"4;:"nghv"ykvj"
valid data. We will focus on these companies –which we will call failed from now 

on– when modelling the failure process and deducing forecast criteria based on 

the accounting information and/or the information provided by the audit report. 
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Likewise, we have managed to get 107 healthy companies – galician SMEs that 

in the last years have “always” had an audit report rated as “pass,” and that have 

dggp"wugf"vq"fgvgtokpg"vjg"oqfgnu"NQIKV."OFC"cpf"vjg"ghÞekgpe{"eqpvtcuv"FGC. 

Selection of the explanatory variables

The particular problem raised by the election of the forecast variables is a signi-

Þecpv"kuuwg"dgecwug"qh"vjg"ncem"qh"c"ygnn/guvcdnkujgf"dwukpguu"hcknwtg"vjgqt{0"Vjg"
consequential use of experimental subgroups means that results cannot be compa-

red either transversely or temporarily. The choice of the explanatory variables has 

dggp"dcugf"qp"vyq"rtkpekrngu<"rqrwnctkv{"kp"vjg"ceeqwpvkpi"cpf"Þpcpekcn"nkvgtcvwtg."
cpf"htgswgpe{"cpf"ukipkÞecpeg"ngxgn"kp"vjg"oquv"tgngxcpv"uvwfkgu"qp"dwukpguu"hck-
lure forecast. In all cases, ratios have been calculated on the basis of the indicators 

recorded in the Annual Accounts without introducing adjustments previously ob-

served in the literature, such as marking-to-market or the use of alternative accoun-

ting methods.

Table 1 

Financial ratios
 

Reference R a t i o Financial measure

ACT01 Financial expenses / added value Activity

ACT02 Rc{tqnn"gzrgpugu"1"Þzgf"cuugv Activity

ACT03 Payroll expenses + amortisation / add val Activity

ACT04 Qrgtcvkpi"kpeqog"1"Qrgtcvkpi"equvu Activity

ACT05 Added value / sales Activity

LEV01 B.a.i.t. / Financial expenses Leverage

LEV02 Financial expenses / Total debt Leverage

LEV03 Qrgtcvkpi"tguwnv"1"Hkpcpekcn"gzrgpugu Leverage

LEV04 Net result / total liabilities Leverage

IND01 Vqvcn"fgdv"1"Qyp"hwpfu Indebtedness

IND02 Qyp"hwpfu"Ï"Pgv"tguwnv"1"ujqtv/vgto"nkcdknkvkgu Indebtedness

IND03 Qyp"hwpfu"1"Eqpuqnkfcvgf"nkcdknkvkgu Indebtedness

IND04 Long-term liabilities / Consolidated liabilities Indebtedness

STR01 Current assets / total assets Structure

STR02 Fqv0"Coqtvkucvkqp"1"pgv"Þzgf"cuugvu Structure

STR03 Circulating capital / total assets Structure

STR04 Circulating capital / Consolidated liabilities Structure

STR05 Circulating capital / sales Structure

UVT28 Cash in hand / total assets Structure
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Reference R a t i o Financial measure

STR07 Net result / Circulating capital Structure

STR08 Asset decomposition measure Structure

LIQ01 Qrgtcvkpi"ecuj"àqy"1"vqvcn"cuugvu Liquidity

LIQ02 Qrgtcvkpi"ecuj"àqy"1"Eqpuqnkfcvgf"nkcdknkvkgu Liquidity

LIQ03 Qrgtcvkpi"ecuj"àqy"1"ujqtv/vgto"nkcdknkvkgu Liquidity

LIQ04 Qrgtcvkpi"ecuj"àqy"1"ucngu Liquidity

LIQ05 Qrgtcvkpi"ecuj"àqy"1"vqvcn"cuugvu Liquidity

NKS28 Qrgtcvkpi"ecuj"àqy"1"vqvcn"nkcdknkvkgu Liquidity

LIQ07 Qrgtcvkpi"ecuj"àqy"1"ujqtv/vgto"nkcdknkvkgu Liquidity

LIQ08 Ecuj"àqy."tguqwtegu"igpgtcvgf"1"ucngu Liquidity

LIQ09 Cash in hand / current liabilities Liquidity

LIQ10 Stock / short-term liabilities Liquidity

LIQ11 Stock + realizable / short-term liabilities Liquidity

LIQ12 No credit interval Liquidity

LIQ13 Realizable / short-term liabilities Liquidity

RTQ23 B.a.i.t. / total assets RtqÞvcdknkv{
RTQ24 B.a.i.t. / sales RtqÞvcdknkv{
RTQ25 Net result / sales RtqÞvcdknkv{
RTQ26 Net Result-realisable– Stock / total assets RtqÞvcdknkv{
RTQ27 Net result / total assets RtqÞvcdknkv{
RTQ28 Pgv"tguwnv"1"Qyp"hwpfu RtqÞvcdknkv{
TQV23 Current assets – Stock / sales Rotation

TQV24 Stock / sales Rotation

TQV25 Sales / Receivables Rotation

TQV26 Sales / Current assets Rotation

TQV27 Ucngu"1"Þzgf"cuugv Rotation

TQV28 Sales / total assets Rotation

TQV29 Sales / Circulating capital Rotation

TQV2: Sales / Cash in hand Rotation

UQN23 Current assets–Stock / short-term liabilities Solvency

UQN24 Current assets / Total debt Solvency

UQN25 Current assets / current liabilities Solvency

UQN26 Hkzgf"cuugv"1"Qyp"hwpfu Solvency

UQN27 Consolidated liabilities / total assets Solvency

UQN28 Qyp"hwpfu"1"vqvcn"cuugvu Solvency

UQN29 Qyp"hwpfu"1"Þzgf"cuugvu Solvency

UQN2: Short-term liabilities / total assets Solvency

UQN2; RtqÞv"dghqtg"vcz"1"ujqtv/vgto"nkcdknkvkgu Solvency

TES01 Ecuj"àqy"1"ewttgpv"nkcdknkvkgu Treasury

TES02 Treasury / sales Treasury
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UkipkÞecpv"xctkcdngu<"NGX
04
."TQV28."UQN28, LIQ

12
."RTQ

05
, LIQ

05
, IND

03
, STR

03
. 

Qp"vjg"dcuku"qh"vjg"rtgegfkpi"eqpukfgtcvkqpu."vjg"tgncvgf"OFC."OTN"oqfgnu7 were 

determined with the following results:8

Table 2 

MDA prediction (BD2a may 2010)

Table 3

LOGIT prediction (BD2a may 2010)

7De Llano et al. (2010, 2011a, b, c).
8YB, yb: Year Before the failure: 1YB one year before the failure, 2YB two years before, 3 YB three years before, 

6[D"hqwt"{gctu"dghqtg."INQDCN"hqwt"{gctu"cnvqigvjgt0

Forecasts for 

failed s/(H, F)
1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb

MDA 1 YB 

Forecast
;805' ;608' 93.9% 92.3% 91.0% 91.7% 90.7% 89.4% 85.9% 82.0% 80.2%

MDA 2 YB 

Forecast
93.7% 94.0% 92.0% 90.4% 89.8% 91.3% ;308' 89.7% 85.8% 87.0% 87.9%

MDA 3 YB 

Forecast
98.1% 98.8% 98.4% 98.1% ;908' 100.0% ;805' 98.0% ;804' 97.5% ;809'

MDA 4 YB 

Forecast
90.7% ;208' 85.4% 85.8% 84.0% 83.3% :809' 84.7% 81.0% 85.4% 85.7%

OFC"INQDCN"
Forecast

90.3% 84.8% 84.0% 82.8% 82.4% 81.7% 77.2% 79.8% 9908' 78.0% 82.4%

Forecasts for failed 

s/(H. F)
1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb

NQIKV"3"[D"
Forecast

81.8% 87.3% 87.9% 87.5% 85.0% 82.4% 84.5% :808' :508' 78.1% 70.0%

NQIKV"4"[D"
Forecast

870:' 58.2% 54.5% 54.3% 6708' 48.3% 39.3% 42.1% 41.5% 30.2% 31.9%

NQIKV"5"[D"
Forecast

9:08' 70.8% 8602' 8405' 57.2% 7;08' 48.9% 52.0% 48.7% 44.7% 50.0%

NQIKV"6"[D"
Forecast

980:' 81.8% 77.1% 9808' 75.3% 72.5% 8;0:' 70.9% 8:0;' 8402' 870;'
NQIKV"INQDCN"

Forecast
9508' 9208' 8809' 8805' 8605' 8807' 8803' 8408' 8408' 59.9% 8206'
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Table 4

MRL prediction (BD2a may 2010)

The capacity for forecasting business failure featured by any of the above models 

is satisfactory, with the result obtained by the MDA adjustment being the most ac-

ceptable. The linear model appears to have a good prediction capacity but we must 

rule it out because of its inability to classify healthy companies in an acceptable 

manner.

The contrast against the 2011 database, BD2b, resulted in:

Table 5 

MDA/LOGIT prediction (BD2b nov 2011)

Forecasts for 

failed s/(H, F)
1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb

MRL 1 YB 

Forecast
85.0% 95.8% ;808' 98.8% 98.4% ;809' 99.5% 99.5% 100.0% 98.8% 98.9%

MRL 2 YB 

Forecast
75.5% 89.3% 93.5% 93.5% 94.1% 91.3% 94.4% 94.4% ;708' 94.4% ;809'

MRL 3 YB 

Forecast
81.8% 93.4% ;807' 97.7% 97.2% 97.0% ;:08' 98.5% 97.8% 97.5% 98.9%

MRL 4 YB 

Forecast
71.8% :806' 88.0% 88.0% 87.9% 87.1% 90.5% 89.9% 90.4% 89.9% 85.7%

OTN"INQDCN"
Forecast

;408' 95.9% 97.3% 98.4% 97.7% 97.5% 98.1% 98.5% 98.4% ;80:' 100.0%

Failed in % 1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb

MDA 1YB 98% 97% 94% 90% 92% 91% 92% 89% 89% 84% 84%

MDA 2YB 94% 95% 91% 87% 91% 90% 89% 90% 88% 87% 87%

MDA 3YB 99% 99% 98% ;8' 97% 99% 97% 98% 97% 97% 98%

MDA 4YB 95% 95% 90% 91% 91% 91% 91% 90% 89% 89% 89%

MDA 

INQDCN 97% 97% 95% 93% 94% ;8' 95% 93% ;8' 92% 98%

NQIKV"3[D 87% 88% :8' 85% :8' 85% 83% 85% 82% 80% 78%

NQIKV"4[D 70% 85' 57% 54% 51% 51% 45% 43% 68' 37% 38%

NQIKV"5[D 84% 74% 88' 85' 86' 85' 55% 57% 53% 49% 54%

NQIKV"6[D 88% :8' 75% 72% 74% 70% 8:' 71% 88' 86' 83'
NQIKV"
INQDCN 87' 48% 51% 51% 53% 51% 52% 51% 47% 48% 50%

Data (average 

in No.)
113 119 297 295 273 478 458 215 195 173 122

Failed 

(average)
88% 84% 80% 78% 79% 79% 77% 77% 75% 73% 74%

Solvent 

(average)
12% 38' 20% 22% 21% 21% 23% 23% 25% 27% 48'
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Previously to the estimation of models, we have performed a factor analysis aimed 

at reducing the variables to a small number of synthetic and homogenous regres-

sors. We perform the estimation for each of the time horizons, between one and 

four years before the failure event. In all cases we have excluded the factors whose 

eigenvalue was lower than one.

Kp"vjg"hqwt"jqtk¦qpu."vjg"hqwt"xctkcdngu"ykvj"oqtg"ygkijv"ctg"tgncvgf"vq"rtqÞvcdknkv{"
and liquidity (which is measured as ecuj"àqy+, indebtedness and solvency; the 

composition of the factors is similar with the exception of the year 4 before the fai-

nwtg"*6{d+0"Vjgug"tguwnvu"eqpÞto"vjg"tgncvkqpujkr"dgvyggp"vjg"tcvkqu"qh"rtqÞvcdknkv{"
cpf"qrgtcvkpi"ecuj"àqy"*Iqodqnc"cpf"Mgv¦."3;:5="Rkpc."3;;4+0

Table 6

LOGIT, MDA, MRL Contrast s/107 healthy companies (2010 BD3a)

Vjg"rtgfkevkqp"ecrcekv{"qh"vjg"OFC"cpf"NQIKV"cflwuvogpvu"qp"vjg"jgcnvj{"eqo-

rcpkgu"ujqwnf"dg"wpfgtuvqqf"htqo"vyq"fkhhgtgpv"rgturgevkxgu0"Qp"qpg"jcpf."vjg{"
lack quality when it comes to rank healthy companies as non-failed in comparison 

vq"vjgkt"dgvvgt"rgthqtocpeg"yjgp"eqpvtcuvkpi"hckngf"eqorcpkgu0"Qp"vjg"qvjgt."vjg"
eqpvtcuv"qh"vjg"Þpcpekcn"uvcvgogpvu"tgxgcnu"vjcv"jgcnvj{"eqorcpkgu"jcxg."qt"oc{"
jcxg"kp"vjg"hwvwtg."egtvckp"korgthgevkqpu0"Qpg"qh"vjg"Þtuv"eqpenwukqpu"tghgttgf"vq"vjg"
dismissal of MRL (Linear Regression) models on the basis of their poor prediction 

capacity.

Forecasts for 

healthy s/(H, F)
1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb

MDA 1 YB 39.3% 37.4% 43.9% 43.9% 44.9% 47.7% 45.8% 43.9% 6809' 53.3% 48.1%

MDA 2 YB 43.9% 5806' 40.2% 5806' 41.1% 39.3% 42.1% 38.3% 38.3% 42.9% 43.3%

MDA 3 YB 9.3% 11.2% 8.4% 708' 8.4% 9.3% 8.4% 10.3% 7.5% :08' 3208'
MDA 4 YB 42.1% 5508' 35.5% 24.3% 29.9% 31.8% 35.5% 5508' 5508' 4:08' 5608'

OFC"INQDCN" 32.7% 4804' 28.0% 23.4% 28.0% 27.1% 25.2% 24.3% 24.3% 21.9% 21.2%

NQIKV"3"[D" 380:' 4208' 18.7% 18.7% 21.5% 27.1% 22.4% 23.4% 27.1% 4:08' 28.8%

NQIKV"4"[D" 73.8% 81.3% 87.9% ;308' 92.5% 88.8% 89.7% 90.7% 89.7% 90.5% 91.3%

NQIKV"5"[D" 83.2% 81.3% 83.2% :80;' 89.7% 89.7% :802' :802' 82.2% 85.7% :807'
LOGIT 4 YB 68.2% 71.0% 80.4% 80.4% 82.2% 83.2% 79.4% 76.6% 72.9% 77.1% 82.7%

LOGIT GLOBAL 75.7% 77.6% 77.6% 77.6% 82.2% 81.3% 77.6% 80.4% 76.6% 74.3% 76.9%

MRL 1 YB 3.7% 2.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

MRL 2 YB 14.0% 12.1% 1.9% 3.7% 2.8% 1.9% 1.9% 0.9% 1.9% 1.9% 2.9%

MRL 3 YB 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

MRL 4 YB 20.6% 20.6% 2.8% 5.6% 3.7% 3.7% 3.7% 3.7% 5.6% 3.8% 3.8%

MRL GLOBAL 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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Contrast with DEA model

With the aim of unifying criteria, we have taken the ratios shown below on the 

dcuku"qh"vjg"Þpcpekcn/ceeqwpvkpi"kphqtocvkqp"cxckncdng"htqo"vjg"4;:"failed and 107 

healthy companies:9

Outputs

 It shows the level of indebtedness with respect to the total 

assets. The higher this value is, the more externally dependent the company will 

be and, consequently, will restrict its room for manoeuvre. It explains the risk of 

insolvency (business failure). 

  It shows the need for immediate cover; possibility of 

default on its short-term liabilities. The higher its value is, the lower the liquidity 

will be and the higher the risk of insolvency.

Inputs

"Tcvkq"gzrnckpkpi"vjg"cuugv"ecrcekv{"vq"igpgtcvg"kpeqog"*TQC+0

 "Kv"tgxgcnu"jqy"ghÞekgpv"vjg"eqorcp{"ku"eqpegtpkpi"vjg"wug"qh"
its own resources to generate liquidity (cash).

 "Kv"tgxgcnu"jqy"ghÞekgpv"vjg"eqorcp{"ku"eqpegtpkpi"vjg"wug"qh"
kvu"qyp"tguqwtegu"vq"igpgtcvg"rtqÞv"dghqtg"kpvgtguv"cpf"vcz."k0g0"kv"ku"vjg"ecrcekv{"vq"
igpgtcvg"rtqÞv"d{"vjg"cuugv"kttgurgevkxgn{"qh"jqy"kv"jcu"dggp"hwpfgf0

 Kv"tgxgcnu"vjg"ecrcekv{"vq"rtqÞv"dghqtg"kpvgtguv"cpf"vcz"
in order to cover debt and operating costs on EBIT.

9Premachandra et al0"*422;+."ekvkpi"Cnvocp"*3;8:+0
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 It reveals the added value ratio earned by the sharehold-

ers, although we should use the market value, but SMEs are not usually quoted on 

the stock exchange; hence this substitution in the denominator.

 Warehouse, Debtors, Treasury and other short-term liabili-

ties, i.e. Current Assets. The higher the ratio is the higher the liquidity will be and, 

therefore, the greater the capacity to meet short-term obligations will be too.

 It shows that long-term resources are funding short-

term liabilities. The circulating capital is the difference between current assets and 

liabilities. The higher it is, the better. However, an “excessive” value would be a 

ukip"qh"kfng"tguqwtegu0"Kp"cffkvkqp."yg"eqwnf"Þpf"Ñhcnug"pgicvkxguÒ"cu"wpfgt"egtvckp"
Þpcpekcn"uvtwevwtgu"vjg"cxgtcig"ocvwtkv{"qh"vjg"uwrrnkgtuÔ"etgfkvu"ku"jkijgt"vjcp"vjg"
average maturity of the debtors’ credits, i.e. a negative circulating capital. But let’s 

take the ratio in a strictly protective sense to cover short-term liabilities, therefore, 

it should always be positive (CC=FM=Ac-Pc>0).

Without entering into the debate about the choice of the above ratios, we have 

ocfg"vjg"OFC"cpf"NQIKV"cflwuvogpvu"qp"qwt"qtkikpcn"ucorngu."kp"vjg"ncuv"Þxg"
years, achieving the following results:
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Table 7

LOGIT, MDA Prediction

While they are still good adjustments, the quality of the adjustment is questiona-

dng."vq"uc{"vjg"ngcuv."ikxgp"vjg"nkvvng"ukipkÞecpeg"qh"uqog"qh"vjg"tcvkqu"wugf"kp"vjg"
mentioned articles. 

DEA model

FGC"ckou"vq"fgvgtokpg"vjg"j{rgtrncpgu"fgÞpkpi"c"enqugf"uwthceg"qt"Rctgvq"htqp-

vkgt0"Vjqug"wpkvu" *eqorcpkgu."FOWu+" nqecvgf"qp" vjg"dqtfgt"yknn"dg"ghÞekgpv."cu"
cnn"vjg"qvjgtu"yknn"dg"kpghÞekgpv0"Vjg"FGC"oqfgn10 will include the variable c

k
, to 

allow variable returns models.

NQIKV MDA

Fail Variables Type
EncuukÞgf"
correctly

Fail Variables Type
EncuukÞgf"
correctly

Year 

0

All
H 75.70%

Year 0

All
H 68092'

F ;6082' F 92.20%

Gzenwfgf"*Q4."K8+ H 98082' Excluded (I1, I2, 

K7."K8."K9+
H 42.10%

F 94.90% F 91.90%

Year 

-1

All
H 89052'

Year -1

All
H 78.50%

F ;6082' F 81.00%

Gzenwfgf"*Q4."
I3, I4)

H 88062' Excluded (I1, I3, 

I4, I5)

H 99082'
F 93.90% F 80.30%

Year 

-2

All
H 86072'

Year -2

All
H 85.00%

F 92.40% F 57.00%

Excluded (I4)
H 86072' Excluded (I2, 

I3, I4)

H 84.10%

F 92.40% F 81.10%

Year 

-3

All
H 50.50%

Year -3

All
H 80.40%

F 90.50% F 79.40%

Excluded (I1, I2, 

I3, I4, I5)

H 51.40% Excluded (I1, I2, 

I3, I4, I5)

H 83.20%

F 91.20% F 79.40%

Year 

-4

All
H 8;042'

Year -4

All
H 87062'

F 93.90% F 89.30%

Gzenwfgf"*Q4."
I3, I4)

H 70.10% Gzenwfgf"*Q4."K3."
K5."K6."K7."K8+

H 87062'
F 94.70% F 90.40%

10Adler et al. (2002).
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Equation 1<"FGC"hqt"ghÞekgpv"htqpvkgt

 

Based on the linear programming system, we have determined the set of hyper-

rncpgu" fgÞpkpi" vjg" ghÞekgpv" cpf" kpghÞekgpv" htqpvkgtu0"Yg"owuv" rwv" hqtyctf" qpg"
etkvkekuo."cu" vjg"fgvgtokpcvkqp"qh" vjg"ghÞekgpv"htqpvkgt"qhhgtu"ueqrg"hqt"ctdkvtctk-
ness. It is based on the average value of the ratios, the best adjustment, and the 

best regression. In our case, we took the average values of the ratios for each year 

(Healthy and Failed). Therefore, this is a “relative” frontier, not absolute. Thus, 

yg"jcxg"fgvgtokpgf"dqvj"ghÞekgpv"cpf"kpghÞekgpv"htqpvkgtu"hqt"gcej"qh"vjg"ncuv"hqwt"
{gctu0"Qp"vjg"dcuku"qh"vjg"cdqxg"crrtqcej."yg"jcxg"fgvgtokpgf"dqvj"vjg"ghÞekgpv"
cpf"kpghÞekgpv"wpkvu"fgrgpfkpi"qp"vjg"rctvkewnct"ecug0"Kp"vjg"ecug"qh"vyq"xctkcdngu."
the frontiers could be displayed as follows below:

Figure 1

GhÞekgpv"cpf"kpghÞekgpv"htqpvkgtu
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Ukpeg"yg"jcxg"dggp"cdng"vq"fgvgtokpg"vjg"ugv"qh"FOWu"fgÞpkpi"vjg"ghÞekgpe{"htqp-

vkgtu."vjg"nkmgnkjqqf"qh"Þpcpekcn"hcknwtg"qt"pqp/hcknwtg."yg"ecp"cff"c"eqorngogpvct{"
crrtqcej"kp"qtfgt"vq"fgvgtokpg"yjgvjgt"cp{"FOW"cpcn{ugf"ku"qt"pqv"ghÞekgpv0"

Equation 2: additive DEA

 

 

 

The above determined frontiers11 provide the parameters for a hyperplane or ma-

trix of inputs (X) and outputs (Y), which will be formed by the values of the varia-

dngu"*tcvkqu+"vjcv"ocmg"wr"vjg"ugv"qh"ghÞekgpv"eqorcpkgu"cpf"vjcv"ku"nqecvgf"qp"vjku"
j{rqvjgvkecnn{"ghÞekgpv"nkpg"*j{rgtrncpg+12

̋" X will be a matrix of kxn inputs and Y, a matrix of mxn outputs, with n being 

the number of DMUs making up the frontier, including their respective k 

inputs, m outputs, 

̋" e is an unit vector, 

̋" x
0
 , y

0
 : column vectors showing the inputs and outputs of the DMU subject 

vq"encuukÞecvkqp.
̋" s-  s+ : vectors showing the slacks of the matrix of inputs and outputs in the 

FOW"cpcn{ugf."kpfkecvkpi"vjg"tgncvkxg"ghÞekgpe{="vjg"nqygt"vjg"qdlgevkxg"
function is the better the position of DMU will be with respect to the 

htqpvkgt"*ghÞekgpv1kpghÞekgpv+."‚" n will be the vector determining the intensity of development in the analysed 

wpkv"ykvj"tgurgev"vq"vjg"ghÞekgpv"*qt"kpghÞekgpv."yjgtg"crrtqrtkcvg+"htqpvkgt0

Ukpeg"yg"jcxg"dggp"cdng"vq"fgvgtokpg"vjg"ghÞekgpv1kpghÞekgpv"j{rgtrncpg."vjg"pgzv"
step will be to determine whether an analysed unit is or not on the frontier. This 

will allow us to determine the stress levels in a particular unit with respect to the 

11Equation 1.
12Ukoknctn{."yg"yknn"dg"cdng"vq"crrn{"vjg"ucog"crrtqcej."qpn{"kpxgtugn{."vq"vjg"ecug"qh"kpghÞekgpv"eqorcpkgu0
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j{rqvjgvkecnn{"ghÞekgpv1kpghÞekgpv"qpgu0"Vjku"ku"c"oqtg"eqorngz"cpf"vgfkqwu"vcum"
as we will have to develop each and every analysed unit in order to place it in re-

ncvkqp"vq"vjg"ghÞekgpv"qt"kpghÞekgpv"htqpvkgt0"

This is the second step, the development of the approach shown in equation 2. 

Dcugf"qp"c"ikxgp"ghÞekgpv1kpghÞekgpv"htqpvkgt"hqtogf"d{"vjg"ocvtkzgu"Xn, Yn, we 

will analyse a particular company (DMU
0
) represented by its inputs and outputs 

(x
0
,y

0
+Ô0"Vjg"tguwnv"yknn"vgnn"wu"vjg"uvcvg"qh"vjg"eqorcp{"ykvj"tgurgev"vq"vjg"ghÞekgpv"

cpf"kpghÞekgpv"htqpvkgtu."tgurgevkxgn{0

Kp"qwt"ecug."dcugf"qp"vjg"vjtgg"fcvcdcugu"fkuewuugf"cdqxg."hqwt"ghÞekgpv"htqpvkgtu"
*GH+"cpf"qvjgt"hqwt"kpghÞekgpv"*pqpGH+"qpgu"ygtg"etgcvgf"kp"tgncvkqp"vq"vjg"hqwt"
{gctu" cpcn{ugf0"Vjg"fcvcdcug"eqpvckpkpi"4";88" *Jgcnvj{"cpf"Hckngf+"eqorcpkgu"
was randomly sampled, with 402 (failed and non-failed) companies evaluated with 

tgurgev"vq"vjg"ghÞekgpv"cpf"kpghÞekgpv"htqpvkgtu."cejkgxkpi"vjg"hqnnqykpi"tguwnvu<

Table 8

FGC/dcugf"encuukÞecvkqp

We can state that capacity to classify the analysed companies (DMUs) is signi-

Þecpvn{"jkij0"Vjg"eqnwop"ÑEncuukÞgf"eqttgevn{Ò" ujqyu" vjcv" vjg{"ctg"pqv"qp" vjg"
Rctgvq."qt"ghÞekgpv."htqpvkgt"dwv"pqv"vqq"hct"htqo"kv."vjgtghqtg."yg"fq"pqv"mpqy"jqy"
kpghÞekgpv"vjg{"ctg0"Yg""ecppqv"hqtigv"vq"ogpvkqp"vjcv"vjg"oczkowo"yg"guvcdnkujgf"
as a measure of comparison is itself “relative,” not an “absolute” measure, althou-

ij"yg"ecp"fgÞpg"kv"cu"c"Ñtgncvkxg"oczkowo0Ò"Vjg"Ñpq"hgcukdng"uqnwvkqpÒ"kpfkecvqt"
ujqyu"vjg"coqwpv"qh"kprwv/qwvrwv"xgevqtu"vq"dg"eqorctgf"ykvj"tgurgev"vq"vjg"ghÞ-

cient frontier, which does not have a feasible solution, i.e. it provides a solution but 

fails with model restrictions. 

EncuukÞgf"
correctly

Erroneously 

encuukÞgf
No feasible 

solution 

Qp"ghÞekgpv"
frontier

Healthy 80.54% 8023' 13.45%

Failed 9805;' 804;' 17.32%

Qp"kpghÞekgpv"
frontier

Healthy 79.80% 6089' 15.53%

Failed :4089' 4.83% 12.50%
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Figure 2

EncuukÞecvkqp"kp"tgncvkqp"vq"ghÞekgpv1kpghÞekgpv"htqpvkgtu

Conclusions

With this study we have sought to provide evidence showing that the statistical 

oqfgnu"ewttgpvn{"wugf"vq"kphgt"ukvwcvkqpu"qh"Þpcpekcn"fkuvtguu"cpf"vq"hqtgecuv"c"rqu-
ukdng"Þpcpekcn"hcknwtg"okijv"jcxg"qxgtguvkocvgf"vjg"hcknwtg"rtqdcdknkv{0"Qwt"gctnkgt"
uvwfkgu"ujqygf"gxkfgpeg"uwrrqtvkpi"vjg"cdknkv{"qh"vjg"OFC"cpf"NQIKV"oqfgnu"
vq"ghÞekgpvn{"fgvgev"hckngf"cpf"kpuqnxgpv"eqorcpkgu0"Vjgug"oqfgnu"jcxg"pqy"dggp"
applied to a contrasting random sampling exclusively made up of healthy compa-

nies in order to verify the possible existence of systematic biased opinions in the 

forecast. Likewise, the present study provides reasonable evidence about the reli-

ability of the DEA model to forecast business failure. Not exempt from criticism 

or, if preferred, easy –immediate– applicability to the day-to-day practice of risk 

estimation. 

Kp"ukijv"qh"vjg"tguwnvu"ujqyp"cdqxg."yg"ecp"eqpÞto"vjcv"FGC"rtqxkfgu"hwtvjgt"gx-

idence about whether a company is failing, thus, performing at a satisfactory level 

fgurkvg"kvu"ctfwqwu"oqfgnnkpi0"Qp"c"igpgtcn"dcuku."tguwnvu"ujqy"vjcv"c"ukipkÞecpv"
tcvkq"qh"vjg"eqorcpkgu"vjcv"yg"cuuwog"ctg"hckngf"ecp"eqttgevn{"dg"ÑencuukÞgfÒ"cu"
failed"d{"vjg"OFC."NQIKV"cpf"FGC"oqfgnu0"Dwv"cnvjqwij"FGC"Ñyqtmu.Ò"kv"uvknn"
jcu"ukipkÞecpv"kpeqpxgpkgpegu"cnqpi"ykvj"gxkfgpv"dgpgÞvu. 

Coqpi"vjg"ÑdgpgÞvu.Ò"yg"ecp"jkijnkijv<

̋" DEA can be modelled for multiple inputs and outputs

̋" DEA does not require functional links between inputs and outputs
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̋" In DEA the Decision-Making Units (DMUs) can be compared against a 

peer or combination of peers

̋" In DEA, inputs and outputs can have a different measurement, for example, 

kpxguvogpv"qp"T(F"cickpuv"ghÞekgpe{"cpf"ghhgevkxgpguu"qh"vjg"rtqfwevkqp"
system in terms of redundant processes found and removed

̋" Regarding the “inconveniences,” we should bear in mind that:

̋" DEA cannot eliminate the extremely technical noise, even the symmetrical 

pqkug"ykvj"¦gtq"ogcp"vjcv"ecwugu"ukipkÞecpv"guvkocvkqp"gttqtu"
̋" FGC" ku" iqqf" cv" guvkocvkpi" vjg" tgncvkxg" ghÞekgpe{"qh" c"Fgekukqp/Ocmkpi"

Wpkv"*FOW+"dwv"kv"eqpxgtigu"xgt{"unqyn{"vq"cduqnwvg"ghÞekgpe{0"Kp"qvjgt"
words, it can tell you how well you are doing compared to your peers but 

not compared to a theoretical maximum. 

̋" Ukpeg"FGC"ku"c"pqprctcogvtke"vgejpkswg."uvcvkuvkecn"j{rqvjgugu"ctg"fkhÞewnv"
and also the main focus of a lot of research 

̋" Vjgtg"ku"c"ukipkÞecpv"eqorwvkpi"rtqdngo"cu"c"uvcpfctf"hqtowncvkqp"qh"FGC"
creates a separate linear program for each DMU

We must remember that, essentially, DEA is based on a comparison exercise be-

vyggp"rggtu"vjcv"jcu"dggp"gzvtcrqncvgf"vq"c"ÑjkgtctejkecnÒ"kuuwg"crrnkgf"vq"Þpcpekcn"
environments with business failure risk: “healthy” / “failed.”

Perhaps the most complex issue regarding its applicability roots  is the fact that 

the set of articles we have been discussing are not truly academic or exclusively 

cecfgoke0"Kp"c"hgy"ecugu"vjg{"ctg"gxgp"fgvcejgf"htqo"c"ukipkÞecpv"rtcevkecn"tgcnkv{0"
Qeecukqpcnn{." kvu"ocvjgocvkecn"cpf"et{rvke" ngxgnu"ocmg" kv"fkhÞewnv" vq" korngogpv"
kp"gxgt{fc{"nkhg"qh"Þpcpekcn"ocpcigogpv."yjq"ctg"ckokpi"vq"fgvgtokpg"vjg"tkum"
exposure. 

In addition to the great advantages of the ratios (we can visualise immediately the 

correct or incorrect position of our company structure; compare our company to 

the relevant industry, the position of other companies at the same time as our com-

pany’s life cycle) there are also limitations that need to be borne in mind:

̋" Dispersion of the data used to obtain the reference values. The publication of 

reference average values is usually obtained from the average values of the 

sectorial information, which normally lacks additional information about the 

degree of dispersion of the sample data. This makes it impossible to compare 

our sample with the reference values.
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̋" The existing correlation between the variables forming a ratio. Something that 

is not implicit in the ratio concept but that subsists as an element that distorts 

its values and their development (i.e. its usefulness) is the potential correlation 

between the variables related by a ratio. This problem is aggravated with clo-

sely related ratios, invalidating its reading temporarily either for being depen-

dant or for a high degree of correlation. In the present case:

̋" Clearly-related TDTA and CLTA inputs; Total Debt, Current Debt, 

both types of debt with respect to the Total Assets (net assets) 

̋" NITA, CFTA, EBTA, EBFE outputs containing elements related; 

Net income, Cash Flow, EBIT. Sometimes dependent, as in EBTA, 

where the numerator BAIT and the denominator Financial Expenses 

are part of the EBIT.

̋" The reference Values or standards: we have to take into account that ratios are 

control tools (objective against result), while any reference value should be 

established depending on the company, the sector of activity and the moment 

in the company’s life cycle. The evolution of the ratio and the corrective 

measures against deviations should take priority in the analysis. 

Furthermore, we have corroborated the existence of systematic biased opinions 

uwrrqtvkpi" vjg" ukvwcvkqpu" qh" kpuqnxgpe{<"oqfgnu" rgthqto"oqtg" ghÞekgpvn{"yjgp"
their aim is to identify potentially failed companies and they commit more er-

rors on average when they are used to evaluate solvent companies. This tendency 

seems to be more pronounced in the discriminant models, perhaps because they 

impose a discretional treatment to a particular reality –the state of insolvency– that 

ku"fkhhwug"cpf"nkcdng"vq"swcnkÞecvkqpu0"Kp"qwt"qrkpkqp."nqikv"oqfgnu"ctg"oqtg"tgnkcdng"
to grasp the different realities that coexist in the generic concept of solvency. That 

ku"yj{"vjg{"cnuq"rgthqto"tgncvkxgn{"ygnn"dgvyggp"Þpcpekcnn{"jgcnvj{"eqorcpkgu0

Kv"uggou"tgcuqpcdng"vq"eqpenwfg"vjcv"FGC"*dcugf"qp"NQIKV+."OFC"cpf"NQIKV"
models should not be interpreted as mutually exclusive alternatives, but as com-

rngogpvct{"ogvjqfu"vjcv."korngogpvgf"kp"eqplwpevkqp."ecp"jgnr"Þnn"vjgkt"tgurgevkxg"
gaps.

Finally, it seems necessary to enrich the factors used as forecast variables. The 

ratios proved to be an excellent tool, nevertheless, the relevance of the models can 
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improve with the help of complementary information that may corroborate –and 

what it seems more important to us, qualify– the forecast. In this sense, the infor-

mation provided by the audit report13 seems to have a special informational content 

through indirect indicators such as the auditor turnover rate, the average duration 

qh"vjgkt"eqpvtcevu"cpf"vjg"rtqrqtvkqp"qh"swcnkÞgf"tgrqtvu0

We must look back at the concept of “management responsibility” in the failure 

process. A recent study14 states that “two out of three Spanish senior executives 

do not match up to the requirements of their responsibilities,” and also notes that 

“qpn{"44'"qh"okffng"ocpcigtu"vjkpm"vjcv"ugpkqt"gzgewvkxgu"ctg"swcnkÞgf"vq"ocmg"
sensible decisions.” When the economic situation is buoyant, it is reasonable to 

believe that errors, the lack of leadership, the delay in the taking of decisions are 

easily covered by the surplus generated by the system. But what happens when the 

u{uvgo"ujtkpmuA"Vjg"iqqf"vkogu"jcxg"jkffgp"vjg"nqy"rtqÞngu"qh"vjg"fktgevqtu0"Vjg"
recession or contraction periods reveal inability to make decisions. This is not a 

pgy"kfgc"dwv"vjg"xgtkÞecvkqp"qh"vjg"ÑRgvgt"Rtkpekrng.Ò"k0g0"vjg"xgtkÞecvkqp"qh"jqy"
important the human capital is in this process. The concept of a company as a sys-

tem allows us to adopt an analytical approach to identify problems, i.e. the way all 

the company decisions are related to each other. Formally considered, a company 

ku" fgÞpgf" kp"Dwukpguu"Geqpqokeu" cu" cp" qticpkucvkqp<" c" eqorngz." vctigv/ftkxgp."
socio-technical system that also has an authority structure, a system to allocate 

responsibilities and a control mechanism. In the last few years we have seen many 

examples of an irresponsible lack of control by companies and public authorities 

that has resulted in the recent crises. There is no need to legislate more, just exer-

cise more control; by comparing objective to result, determining the variances 

that have occurred, implementing corrective actions. Simple models are the most 

ghÞekgpv<"rtkpekrng"qh"rctukoqp{0
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