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Economic-financial diagnosis and prediction of SMEs: An application to the construction sector

Valeria Scherger?
Economic Department, Universidad Nacional del Sur
Bahia Blanca, Argentina

Antonio Tercefio®
Faculty of Business and Economic, Universitat Rovira i Virgili
Reus, Spain

Hernan P. Vigier®
Economic Department, Universidad Nacional del Sur- CEDETS UPSO
Bahia Blanca, Argentina

Abstract. The aim of this paper is to improve one of the limitations of the fuzzy models of business failure. In this
sense an application to a group of small and medium —sized enterprises (SMEs) from the construction sector is
introduced in a given time horizon to test the diagnosis model capacity to predict diseases. This simulation involves
the adaptation of the methodological hypothesis, and the definition of the main variables that interact in the
estimation. This research presents the estimation of the matrix of economic—financial knowledge and verifies its
capacity of diagnosis. Also, a goodness measure, through approximate solutions, is introduced to test the model’s
functionality with companies outside initial sample to demonstrate its ability to predict. Therefore, through this
simulation some of the fuzzy model’s restrictions are overcome, the theoretical postulates are adapted; the
difficulties associated with the estimation are solved and new criteria and guidelines that enrich the original
theoretical model are defined. This application to SMEs can encourage the development of suitable computer
systems for monitoring firms’ problems, alert failures and ease decision-making. An increased of management
efficiency is also expected.

Keywords: economic-financial diagnosis, prediction, symptoms and causes, fuzzy relations,
goodness measure

1. Introduction

Prediction or forecast business failure is widely studied in the literature since the traditional models based on
available data and statistic techniques (Altman, 1968; Beaver, 1966). These models compare and classify firms
according to quantitative indicators to predict or distinguish between healthy and unhealthy businesses. Also, a
variety of parametric and non-parametric techniques (logit, probit, neural networks, expert systems, rough sets,
hybrid systems, genetic algorithms, clusters, survival models, data envelopment analysis, support vector machine,
among others) are used (Kumar and Ravi, 2007; Bahrammirzaee, 2010; Sun et al , 2014).

Due to characteristics of the forecast problem, which uses a large number of qualitative variables or expert
analysts’ opinions, it is very difficult to find a comprehensive solution using a classical method. These
considerations open up the possibility of using fuzzy logic tools and methods, which allow working with qualitative
variables, weak information and measuring the expert’s knowledge. Fuzzy prediction models arise as an alternative
in this context (Vigier and Tercefio, 2008; Scarlat et al, 2010; Maracine and Delcea, 2009; Behbood, 2011, Thapar et
al, 2009; etc.) to overcome many of the restrictions of the traditional models (the selection of the dependant variable,
the selection of the sample, the choice of the explanatory variables, and the treatment and inclusion of the sorted
errors). Vigier and Tercefio's model (2008) of diagnosis based on fuzzy binary relations advances over other
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prediction models, trying to understand the process of business failure that start from the cause-symptom relations
and the financial analyst’s or expert’s role'. This model, besides predicting insolvency situations, has the capacity to
diagnose problems and forecast the diseases affecting firms. In this work, is proposed the application of the model
based on the construction of incidence matrices of symptoms and causes that allow define degrees of incidence of
various diseases in enterprises. Thus, after estimation of the financial-economic knowledge matrix, a goodness
measure, absent in other fuzzy models is proposed to test its functionality inside and outside the initial sample.

2. The Diagnosis Model

The Vigier and Tercefio (2008) model is based on the estimation of a economic-financial knowledge
matrix (R), that starts in the estimation of the symptoms-causes matrices originated in endogenous and
exogenous causes. The matrix (R) is used for predicting the incidence level of each one of the causes
defined in the model. The pioneer models of Gil-Aluja (1990) and Gil Lafuente (1996) partially show this
diagnosis methodology.

R=Q'aP (1)

being, R the Matrix of economic-financial knowledge; Q! = [q,]= [gin] the transposed membership matrix
of the firms’ symptoms; P = [py;] the membership matrix of the firms’ causes; and a the fuzzy relations
operator. That is, R=Qta P = [gin] @ [phj] = [rij], where, [rij] =1if Qih < Prj and [rij] = Phj if Qih > Prj- Each Fij
shows the level of incidence between the symptom S; (qin) and the cause C; (py;).

The construction of the matrix of economic-financial knowledge (R) is determined by a group of symptoms
S={ S}, where i =1, 2,....,n,; of causes C= { C; }, where j= 1,2,.., p.; of periods T= { T }, where k=
1,2,3,....,t.; and of firms in which it is possible to identify symptoms and causes E= {E;}, where h=
1,2,3,....m.

The set of symptoms (S) is built from the selection of ratios from previous studies on business solvency
prediction (Ratios Theory, models of business failure prediction, etc.) to differentiate between healthy
companies and diseased (or broken) ones. Once the cardinal symptoms matrix (S) has been obtained,
the membership matrix of each symptom (Q) is determined by the cumulative relative frequency.

With regard to the causes, the model proposes the construction of a set of subjectively measurable
causes C with j= 1,2,..., s; and a set of objectively measurable causes CpP with j= s+1, s+2,..., p. The
membership matrix of objective causes is obtained by the same mechanism used for building the
membership matrix of symptoms by the cumulative relative frequency. Whereas, in the case of the
subjective causes, the expert’s opinion is quantified by linguistic labels in the interval [0,1] that reflect the
incidence of each cause for the firm performance. The model logics indicate that the higher values
correspond with causes that have a greater influence (Zimmermann, 1987)2. This incidence level of each
cause is determined by the cumulative frequency applied to the labels in each scale and it is expressed in
the causes’ membership matrix (P).

The model recommends that to perform a study as homogeneous as possible, the set of selected
companies has to be from a region and a specific productive sector (E) and also be composed of healthy
and unhealthy companies to detect differences in indicators of both groups. Finally, the set of the years or
periods (T) for which the estimate is made must be defined.

As mentioned above, each matrix element r; is obtained through the operation between the transposed
membership matrix of symptoms and the membership matrix of causes that satisfy the smaller ratio (R=
Q! o P). As the model proposes the determination of possible causes (or diseases) that the firm presents

! This model is used as a reference because it has a comprehensive analysis of causes and symptoms over the
pioneers’ models of Gil- Aluja (1990) and Gil Lafuente (1996), and the recent proposals of Scarlat et al (2010) and
Delcea y Maracine (2009), among others. These recent approaches taken as reference Vigier and Tercefio (2008),
derive the matrix of causes and symptoms by difference with the performance matrix, and therefore introduce a
greater degree of subjectivity and a turn on in favor of the experts’ point of views.

2 If 5 intervals from shorter to longer, (always, often, sometimes, rarely and never) the scale will lineally
distribute between the five states, corresponding in this case 20% of the scale to each state: 0.2; 0.4; 0.6; 0.8; 1.0
respectively. For 7 intervals the incidence would be 0.14; 0.29; 0.43; 0.57; 0.71; 0.86 and 1.0: that is, varying the
incidence according to the number of established intervals for each cause by the investigator.
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from the estimate of R, each r; shows the level of incidence between the symptom S; (qin) and the cause
Cj (pry)-

TJo ovJercome potential inconsistency problems, the model provides the use of a filtering method based on
the decomposition and operation of each of the ry, that is, (gi1 & pj); (Qi2 & P2);...; (Qin A Pry);----; (Cin O Prj)-
The inconsistency occurs when there are high intensity levels for many companies, and low ones for a
few, therefore the alpha indicator may incorrectly select the lowest intensity. The methodology consists of
the removal of companies that can cause inconsistent levels of incidence3. Furthermore, the model
develops the distinctive features in the aggregation of matrices and the verification of trends that may
distort the results of the model. These techniques allow obtaining an aggregate matrix R with temporary
validity and capacity to predict diseases (R).

The matrix R is used to make predictions regarding the health of the companies, being necessary the
determination of significant levels of incidence between symptoms and causes to assign a degree of
occurrence of a specific disease. Thus, the degree of occurrence of different diseases can be determined
and measures can be taken considering the firm’s diagnosis to correct the situation.

3. Application of the Model

This section shows the application of the model of business diagnosis of Vigier and Tercefo (2008) to a
sample of small and medium-sized enterprises (SMEs)*. This model capacity of prediction and diagnosis
till moment has not been tested despite its originality. As discussed in section 2, the simulation of the
model involves the analysis of a set of healthy and unhealthy companies in a particular sector or region
(E) to detect differences in performance. In this sense, we selected the construction sector, which
comprises two subsectors: the construction and sale of building materials. These two highly
complementary subsectors have very similar performances and are equally affected by changes in
external conditions. On a base of 98 SMEs registered in the municipalities of Bahia Blanca and Punta
Alta (Argentina) 15 are selected. These companies represent approximately the 15% of the activity in
these two cities. Notably, given the high degree of informality and lack of accounting information, the
percentage of representation is even greater if only the companies with constituted societies are
considered, as they are the only ones required to submit financial statements®. This is a very dynamic
activity and has a great variety of (healthy and unhealthy) companies that meet the availability
requirements of data necessary to estimate the model.

3.1. Estimation of the matrix R;

The operations and different tests applied to estimate the economic-financial knowledge matrix (R;) are
summarized.
This matrix is determined from a set of symptoms S= {Sj}, where i =1,2,...,n.; of causes C= {C}}, where j=
1,2,.., p.; of periods T= {Ty}, where k= 1, 2, 3,...,t.; and of companies in which it is possible to identify
symptoms and causes E= {E;}, where h=1,2,3,....m.
= Selection of the sector and companies to analyze (E= {Eh}, where h=1, 2,.., 15).
= Collection of information for the three periods analyzed (T= {Ty}, where k= 1, 2, 3) by means of the design
of a standardized questionnaire to detect possible causes of diseases in enterprises, through linguistic labels
(the questionnaire is available at http:/fuzzybusinessdiagnosis.blogspot.com.ar/). Data collection was done
by interviews with 15 experts of the companies who, according to their experience and valuable judgment,
evaluate (qualitatively and quantitatively) the performance of the firm following the guidelines proposed
for the analysis. In most cases the experts are individuals who have had a longstanding relationship with the
evaluated company, demonstrating extensive experience and knowledge of the firm and its environment.

3 This methodology is consistent with Sanchez (1982) contributions regarding the general conditions imposed for
the solution of fuzzy binary equations.

4 A first partial estimation of R is presented in Tercefio et al (2012).

3> The accounting information is a prerequisite for the estimation of the degree of incidence between causes and
symptoms. If only the societies are considered the percentage of representation is around 30%.
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Due to the characteristics of Argentine SMEs, this role is fulfilled by accounting advisors, managers and
owners of the company, which often are the same person.

=  Systematization and analysis of information from interviews with experts and the financial statements.

=  Selection and estimation of the economic- financial ratios (S= {S;}, i= 1, 2,..., 41). The ratios are selected
to reflect aspects of profitability, productivity, liquidity, leverage, solvency, financial structure, debt
coverage, economic structure, activity, turnover, efficiency and self-financing according to the
classification proposed by other authors and the frequency of use in prediction models (see Tercefio et al,
2012). The list and  classification of the 41 symptoms  are  available  at
http://fuzzybusinessdiagnosis.blogspot.com.ar.

=  Construction of the cardinal matrix of symptoms for the 15 companies and the 41 selected ratios (S;=
41x15)

= Estimation of the membership symptoms matrix (Qj»= 41x15). This is done ordering the symptoms
according to their degree of incidence to generate diseases. The accumulated quotient (US; (sen;)= |se;| /m)
represents the health of companies (lower is the membership value of the symptom more healthier is the
company).

= Selection of the root causes of problems in firms based on the detection methodology proposed in Tercefio
et al (2009 and 2014) through the four perspectives of Balanced Scorecard (BSC) (C= {C;}, where j=
1,2,..,72).

= Construction of the membership matrix causes (Py= 15x72). The objective causes are valued according to
the same mechanism as the symptoms by the cumulative ratio (uc® (¢i°)= [¢i°/ m) resulting from the
management of causes depending on the degree of impact (positive or negative). Subjective causes changes
are assessed by linguistic labels that reflect the degree of incidence of each disease according to the
methodology specified in section 2.

=  Estimation of the matrix R of economic-financial knowledge for the period T, (Rj= 41x72). This is done
through the operation between the transposed membership matrix of symptoms and the causes membership
matrix that meets the lower ratio (Ry= (Qi' o Py;)); If qin < puj, then [1;] = [ qin] o [ pni] = 1 and If qin > puj,
then [r] = [ qin] o [ pyj] = Py

= According to the recommendations presented by Vigier and Tercefio (2012), once the incidence coefficients
rjj are obtained, the filtering method for the treatment of inconsistencies is applied. Two levels of filter (¢p*=
0.75 y ¢*= 0.50) are applied to eliminate the inconsistent cases; where ¢= 1/ (m-1) Y (r;- 1*). In other
words, ¢*= 0.75 if ¢ > 0.75, firms with lower incidence level are eliminated until ¢< 0.75. Then, a higher
filtering factor (¢*= 0.50) is applied, which reduces the error and discards a higher percentage of
inconsistent responses. Applying filtering method does not show elimination firm patterns according to the
activity developed within the sector or the size of the firm but simply removes cases considered as
"anomalous" for the model.

= Also to evaluate the responses, the coefficient of variation (Cv) is applied to determine the variability of

causes. Cv = \/1 /N -1, (xi—)?)z / 1/nY};x; . In this case, high index values are observed, confirming

that a higher value shows a greater heterogeneity of responses.
3.2. Estimation of aggregated matrix R

The estimation of aggregated matrix R (R;= 41x72) valid for predictions involves repeating the estimation
steps for the other two periods analyzed (T, and T3). The calculation of R involves aggregating the
matrices R= [ rj [i= (Rj' , R?, Rj®) and the correction for temporal trends that distort the validity of the
results. As mentioned in Vigier and Tercefio (2008), if an upward trend over time is verified, the use of an
"average" aggregation procedure will underestimate the true relationship. However, if the trend is
decreasing, the average will overestimate the relationship. For this situation, the behavior of each r; is
evaluated in order to determinate the aggregation process depending on the trend experienced by each
component.
o IfE|[ryt- '] = 0; ;= aggregate r;;

«  IfZ|[ry'- ri!]| # 0; ryis determined by the indicator &, which varies between —1 and 1
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§=2h=2 (Eul -k 171 yZizz\Eyl -k ](—1‘ @)

If £ = 1, r;; = Max (Min [ 1j]y); there is an increasing trend.
If £ = —1, rj; = Min (Max [ rj],); there is a decreasing trend.
If-1 <& <1, rj= 1/t Z [r]i; there is no trend.

For the case analyzed, the aggregation and the correction of temporal trend is carried out for the three
matrices (Ry= 41x72; Ry, Rj**!, Ry*2). An increasing trend is observed in 349 r;, and the aggregation is
carried out by means of the ri= (rj)1 0 (k= Max (Min ((rj ) ,(rj)1)). In 337 ry a decreasing trend is
presented, carrying out the aggregation by r= (rij)1 0 ( ry Jx= Min (Max ((rj )« ,(fij J1))- In the remaining
2,266 rj no such trend is observed. In the cases in which there is no trend, the aggregation is done
through the arithmetic average ri= hy, (rj 1, fij 2,---.Fij k- Fij 1) = [1/  Z(rig)]. Thus, the estimated r; coefficients
are consistent and significant, and explain the true relationship between causes and symptoms according
to the model. Appendix A shows the estimation of the R matrix. The disaggregated results of the
estimation are available at http://fuzzybusinessdiagnosis.blogspot.com.ar/.

4. A measure of diagnosis and forecasting capacity

As Vigier and Tercefio (2008) and the other fuzzy models lack a mechanism to verify the model
functionality, the inclusion of an index is proposed in this section. This measure, with approximate
solutions, is valid to test the degree of fit of the simulation using the answers given by the experts. That
means comparison of the two fuzzy subsets. In this case, the construction of an approximation or
goodness index between P* and P' is proposed (Eq. 3)

[P*—P = 1= S ey |ty () a1, (%)

3)

Where,
P’ = Qa R; that is, P'n= max (min (qu; rj)). This supposes estimated P" by the inverse operation between
Q and R (r; valid and temporary consistent). Appendix B shows the estimation of the matrix of diseases

P
4.1 Diagnosis goodness index

To test the measure of diagnosis, the goodness index of fit is calculated between the causes provided by
the experts and the causes simulated through R. In terms of this analysis, a degree of fit of 86% for all
companies is obtained and the index observed in each of the companies is higher than 80% (see table 1).
This improves forecasting by considering more periods, as Rj; fit is 86% compared with the one calculated
for a single period (R;") that accounts for 73%.

Table 1. Degree of fit [(P*) = (P")]

z

Degree of fit [(P*) = (P)]
0.85
0.85
0.86
0.91
0.84
0.85
0.85
0.85
0.82
0.83

O 0 N AN N R W N =

—
S
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11 0.86
12 0.84
13 0.86
14 0.88
15 0.91
Mean 0.86

These results show that the estimated relationships between causes and effects are significant, with a
high degree of accuracy (86%). Therefore, a set of consistent and significant incidence levels (r;) has
been obtained. This r; explains the true relationship between symptoms and diseases (effect and
causes). That is, the estimation of the R matrix allows the simulation or modeling of the expert knowledge
when making diagnostics or its use as a complementary tool that can assist and guide the difficult task of
the analyst.

4.1 Forecasting goodness index

Also, the reference model, Tercefio and Vigier (2011) is valid for prediction. That is, having obtained the
R matrix, it is possible to make the prediction of economic and financial situation of a company that has
similar characteristics regarding sector and size to those used to determine ‘R.

To simulate the prediction of a company with R, the relative state of symptoms is required. That is, B'=
A-a R = [b'y]; being by = max (min (an , r;j )), where By, is the incidence level of each cause C; in the
company E;- and Ay is the incidence level of each symptom S;in the company E;.. Therefore, to make the
forecast with R, it is necessary to calculate the vector of symptoms A, (A= 1x41). Thus, the cardinal
vectors of symptoms (S;,-) and the membership vectors of symptoms (Ay-) for the two companies, which
were not included in the initial sample (E; y E,).are estimated. The degree of membership of each
symptom is determined by the membership value that minimizes the distance between the values of the
s and sy ratios. Then, the vectors of diseases of the firms used in the prediction (B,= 1x72) are
estimated.

Finally, the model's ability to predict diseases is tested by the proposed methodology. In this case, it is
tested the degree of fit of the projected diseases (for the companies not included in the sample) to the
answers given by the experts, that is [(P*) = (B"). In this simulation, a rate of 85% for firm 1 and 86% for
firm 2 is obtained in both cases using the financial economic knowledge matrix R estimated from the
initial sample of firms calculated in 3.2. This high degree of approximation to the answers provided by the
companies confirms the validity of the model to forecast the diseases affecting firms.

5. Diseases evaluation

One of the model applications is the possibility of viewing which the main problems or diseases affecting
the firms are. As the firm sample is representative of the sector (30% of societies), a sectoral analysis can
be done with the data from R matrix by evaluating the impact of each of the BSC perspectives. Diseases
or more frequent problems are detected through column analysis of P* matrix,

Another possibility of analysis is evaluating the existence of the different diseases in each company or at
least by an auto diagnostic to detect those major problems that could generate some diseases. In this
case, the analysis of (P’) is performed horizontally for each of the companies and the degree of incidence
of different causes for each company (py< 0.50; 0.50< p 1< 0.75; p,= 0.75) is evaluated. This also allows
sorting or grouping companies into three categories: healthier firms or those with less intensity diseases
(p’n< 0.50); moderately sick companies (0.50< p < 0.75) and sicker companies or those with problems of
greater intensity (p’, =2 0.75). This grouping is presented in Table 2. An extended analysis of the firms’
diseases is presented in Scherger et al (2014).

Table 2. Sorting of firms

Firms
Healthier firms 2,4,10,15
Moderate sick companies 3, 6,7, 8, 14, 13
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Sicker firms 1,5,9,11,12

Also, this application allows a priori evaluation of the predicting diseases in the firms outside the sample
(B'h= 1x72) with a certain temporal validity (for periods not exceeding three years). Therefore, this model
is able to identify problems and implement measures to correct the warning indicators (high incidence
levels of b'y). It is observed that both firms used in forecasting have problems in the four perspectives of
BSC, although the company 2 has more diseases and higher incidence rates than firm 1. That means that
firm 1 is less unhealthy (or more healthy) than firm 2. The estimated matrices of diseases of both firms
are presented in Appendix C.

In this sense, studies are intended to continue on the difficult task of proposing a handbook of alternative
or corrective measures for identifying diseases according to their degree of incidence. This selection of
appropriate policies to solve each relative situation involves not only experts, but also the evaluation of
results.

6. Conclusions

The most relevant aspect of this proposal is the enrichments of the Vigier and Tercefio’s (2008) model by
introducing an index measure of its functionality and disease forecasting capacity. Also, these proposals
are tested through its application to a specific SMEs sector. This analysis allows overcoming some of the
limitations of other models by the incorporation of qualitative aspects, the formalization of experts” opinion
and the validity of the estimates over time. This application to SMEs can encourage the development of
suitable computer systems for monitoring the problems affecting firms, alert failures and ease decision-
making. Also the continuous use of firms’ information systems can increase the management
performance.

Therefore, the theoretical model guidelines are followed, the difficulties associated with the estimation are
solved and new criteria to enrich the original theoretical model are defined. In this work, the financial
economic knowledge matrix R is simulated, through the operation of the membership matrix of causes
(Prj= 15x72) and the membership matrix of symptoms (Qi,= 41x15). In addition, the filtering method is
applied to solve possible inconsistencies and the subjective experts’ answers are evaluated. Matrices Ry=
[ril= (Rt , Ri*1, R;**2) are added and are corrected for temporal trends to estimate . Also, the validity of
the aggregate matrix for diagnostic and medium-term predictions is demonstrated. Once R is estimated, a
verification mechanism (not included in the initial model) is proposed to test the diagnostic capacity of the
model. Through this index, [(P*) = (P")], a goodness rate of 86% on average is obtained for all
businesses. Therefore, the coefficients rj are consistent and significant, and explain the true relationship
between diseases and symptoms (causes and effects). This means that the R matrix can be used to
simulate or model the expert’'s knowledge and is useful to guide the difficult analyst’s task. Also, the
prediction of diseases for two companies outside the initial sample is simulated and a goodness measure
of forecasting is obtained (85% for E4 and 86% for E;). Moreover, a way to evaluate the most common
diseases or causes for the sector (column analysis) and for each of the companies (analysis by queue)
according to the incidence of the causes (pn< 0.50; 0.50< py< 0.75; py= 0.75) is proposed to classify the
firms. Therefore, any company making a prediction based on its situation can identify diseases and
implement measures to correct the warning indicators (b’y> 0.50).

In short, this paper tests the advantage of the fuzzy model for predicting diseases and introduces an
index to evaluate the results.
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Appendix A. Aggregate matrix of diagnosis R
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Appendix B. Membership matrix of diseases (P")
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The membership matrix of diseases is also available at http://fuzzybusinessdiagnosis.blogspot.com.ar/

Appendix C. Forecast: Estimated matrix of diseases (B’)
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The forecast is also available at http://fuzzybusinessdiagnosis.blogspot.com.ar/
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