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Abstract 
 
This study explores the application of paraconsistent annotated evidential logic for 
analyzing the profitability of companies. We implemented a model that allocated 
degrees of favorable and contrary evidence to selected profitability ratios, defined 
using data from sixty-seven food industry companies. The degrees of favorable 
and contrary evidence assigned to each profitability index were based on which 
decile they were in. This model was implemented as a dedicated software 
program that calculates degrees of favorable and contrary evidence for the full set 
of indices and then provides an overall assessment of evidence in favor of or 
contradicting each company’s profitability. The results produced by the model  
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were tested for agreement with assessments made by financial analysts from a 
Brazilian regional development bank, the Banco de Desenvolvimento do Extremo 
Sul, BRDE, working from the same data. We found that the results of the model 
based on paraconsistent logic were similar to the opinions of the specialist 
financial analysts, indicating that this approach could be a promising tool for 
verifying analysts’ reports and for supporting decision making. 
 
 
Keywords: Profitability indices; Paraconsistent logic; Valuation 
 
 
 
1 Introduction 
 
A large range of analytical instruments are available to those who wish to evaluate 
the financial and economic aspects of companies’ financial statements. These 
analytical tools range from traditional financial indices, whether calculated in 
isolation or as part of integrated models, as is the case with the DuPont formula, 
to systems with well-founded conceptual bases, such as the Fleuriet model [15]. 
There are also more sophisticated models based on quantitative methods such as 
discriminant analysis [2], and other highly complex systems developed from 
artificial neural networks [28], [3], [18]. 
 However, the great majority of studies (whether quantitative or non-
quantitative) that have investigated the financial and economic aspects of 
companies are based on classical logic in which the elements that make up the 
factors of analysis are evaluated in a binary manner. With this type of logic, a 
statement is either true or it is false and there is no provision for any state other 
than true or false. However, in certain circumstances, statements that involve only 
true or false do not make sense and so non-classical logics were developed in 
search of more satisfactory answers to problems related to situations that are not 
covered by classical logic. Paraconsistent annotated evidential logic Eτ is a form 
of non-classical logic that was introduced by [10] to deal with non-trivial 
contradictions in order to provide a more appropriate method for analysis of 
inconsistent information. 
 Since methods based on non-classical logics have received little 
attention within the fields of finance and accounting, it was considered that 
application of the resources of paraconsistent annotated evidential logic Eτ to 
analysis of the profitability of companies would be a worthwhile endeavor. The 
objectives that this study was designed to achieve were therefore as follows: 1) to 
propose a conceptual model for the analysis of firm profitability that employs the 
assumptions of paraconsistent annotated evidential logic Eτ; 2) to develop a 
dedicated software program to implement the proposed model; and 3) to analyze 
the model’s performance with reference to the expert judgment of specialists. 
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2 Theoretical Framework 
 
2.1 Analysis of financial statements 
 
Financial statements have become a tool of fundamental importance for analysis 
of company performance over time. According to [7] “Public companies have a 
variety of stakeholders, such as shareholders, bondholders, bankers, suppliers, 
employees, and management. All these stakeholders need to monitor the firm and 
to ensure that their interests are being served.” Palepu et al. [22] have stressed 
how “managers use financial statements to monitor their own company’s 
performance, to help understand the policies of a competitor, or to check on the 
health of a customer.” 
 However, as [7] point out, “there is a danger of being overwhelmed by 
the sheer volume of data. That is why managers use a few salient ratios to 
summarize the firm’s leverage, liquidity, efficiency, profitability, and market 
valuation.” These indices are calculated to help with evaluating financial 
statements and, therefore, to help understand a firm’s financial position. 
Furthermore, although the limitations of figures generated from financial reports 
are well-known, the investigative and predictive powers of these analyses have 
been studied and (sometimes) confirmed in the literature. 
 There are hundreds of possible different indices, since the number of 
combinations of all the possible items on financial statements is almost limitless 
and is further compounded by the possibility of factoring in descriptors of 
business activities (such as number of employees, volume of units sold, market 
share, etc.). As a result, indices are often classified in categories that reflect a 
particular aspect of a firm’s financial performance. Stolowy and Lebas [27] state 
that the most common categories are: a) evaluation of short term liquidity and 
solvency; b) evaluation of long term solvency and financial leverage; c) 
evaluation of profitability and generation of profitability and d) measures of 
shareholder returns.  
 The indices chosen for this study reflect the dimension of business 
results, which is basically made up of indices of profitability. The justification for 
this choice lies in the fact that analyses of financial statements normally include 
indices of profitability and they can be used to serve the interests of investors, 
creditors and management and are also used by researchers, analysts and financial 
consultants. 
 
2.2 Indices of profitability 
 
The value of a firm is, in part, determined by its profitability and growth, which in 
turn are influenced by its market and by the strategies it adopts. While analyzing 
profitability cannot provide all of the answers, it serves as an assessment of the 
effectiveness of a firm’s policies [23]. It could be said that indices of profitability 
measure the results of business decisions and policies. In other words, profitability  
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is, possibly, the best indicator of whether a company will survive and be 
successful. These quotients can also be defined as indices that show a firm’s 
degree of business success. 

Higher profitability indices reflect a greater rate of return for owners and 
increased growth for the enterprise. They are designed to show the combined 
effects of a company’s returns against sales, assets, net equity or share price, for 
example. Taken together, these measures provide a basis for evaluating a 
company’s profits in relation to a given sales volume or a given quantity of assets, 
in relation to investments or in relation to the share price. 

 
Table 1 – Chosen profitability indices  

 
Profitability index Notation employed 

Asset turnover 
AssetsTotal

Sales  

Profit per share 
IssuedSharesOfNumber 

rsShareholde To AvailableProfit  

Gross profit margin 
Sales

Profit Gross  

Net profit margin 
SalesNet 
ProfitNet  

Operating profit margin 
SalesNet 

Profit Operating  

Return on assets (ROA) 
AssetsTotalMean 

al)(Operation Assets From GeneratedProfit  

Return on investment (ROI) 
InvestmentMean 

al)(Operation Assets From GeneratedProfit  

Return on equity (ROE) EquityNet Mean 
ProfitNet  

 
 The following profitability indices, presented in Table 1, were analyzed 
for the present study, drawing on [7], [27], [16], [23], [21], [4], [19], [8], and [17]: 
Asset Turnover is an index that measures sales efficiency in relation to total 
investment; Profit per Share is net profit divided by the number of shares issued; 
Gross Profit Margin measures the percentage of each monetary unit that remains 
after the company has paid the cost of its products; Net Profit Margin is a measure 
of the company’s efficiency at creating profit, net of all costs; Operating Profit 
Margin measures the company’s efficiency at generating profit through sales, 
calculated in operational terms; Return on Assets (ROA) is a measure of the 
return deriving from the company’s total utilization of assets; Return on 
Investment (ROI) is an alternative measure to ROA, showing the return gained 
divided by the total quantity of shareholder and creditor resources committed to 
the business (whereas Assets covers all of a firm’s holdings and receivables, 
Investment covers all resources that a company has deliberately raised and 
invested in its business); and, finally, Return on Equity (ROE) is the quotient of 
net profit divided by net equity and therefore measures the shareholders’ rate of 
return. 
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2.3 Paraconsistent annotated evidential logic Eτ  

 
There is every indication that classical logic originated with Aristotle. Classical 
logic is a binary system, since a statement may be true or false, but may not be 
partially true and partially false at the same time. When this stricture is combined 
with the law of non-contradiction, by which a statement cannot be both true and 
false at the same time, all possible situations can be described by the laws of 
classical logic, providing the basis for Western thinking on logic. Within classical 
logic any theory that is inconsistent is also trivial and vice versa. There is not, 
therefore, any means of separating inconsistent and trivial theories.  

While classical logic can describe all possible situations, it demands 
simplifications, since in the real world, not all situations can be classified simply 
as true or false true. When it becomes necessary to describe something with 
precision, it is difficult to define the limits that allow positive or negative 
statements with respect to the qualities of things. It is almost always the case that 
the limits between "false" and "true" are indefinite, uncertain, ambiguous and 
even contradictory.  

Many different logics have been developed to complement classical logic 
(classical epistemic logic, classical modal logic, classical inductive logic, etc.) and 
logics have also been developed that disregard some of the fundamental principles 
of classical logic (paracomplete logics, paraconsistent logics, non-alethic logics, 
inductive paraconsistent logics, etc.).    

The pioneers of paraconsistent logic were the Polish logician J. 
Łukasiewicz and the Russian philosopher N. A. Vasil’év, who, around 1910, 
simultaneously and independently raised the possibility of a logic other than 
classical logic, one which would, for example, restrict the principle of non-
contradiction. Vasil’év went as far as to describe such a logic, which he called 
imaginary logic, but at the time neither had arrived at the wider view of non-
classical logics that exists today. In 1948, the Polish logician S. Jàskowski drew 
on discussive logic to conceive of a propositional paraconsistent calculus that he 
called propositional discussive calculus. Independently and at the same time, the 
Brazilian logician Newton C. A. da Costa developed (and continues to develop) 
several paraconsistent systems including all of the usual logical levels: 
propositional calculus, predicate calculi, predicate calculi with equality, 
description calculi and higher-order logics [1]. 
  Da Costa’s results have contributed to paraconsistent logic’s ongoing 
transformation into a progressive and promising area of research. In recent years, 
several studies have been published describing the application of paraconsistent 
annotated evidential logic Eτ to a diverse range of areas, such as, for example, 
frame-based knowledge management [5], construction and implementation of 
electronic circuits [13], decision-making for evaluation of the plans for a new 
factory [9], intelligent control systems for autonomous mobile robots [29], 
treatment of inconsistencies in case-based reasoning systems [14], quality 
assessment of a web commerce site [6], digital signal processing [20], support for 
medical decision-making [25], [26], analysis of structural reliability in rock  
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excavations [24] and others. However, the application of paraconsistent annotated 
evidential logic Eτ to evaluation of companies is a problem that has never been 
explored.  
 Paraconsistent annotated evidential logic Eτ is part of the family of 
annotated paraconsistent logics. As [11] have explained, in this type of logic the 
propositional formulae1 are supplemented with annotations. The formulae are of 
the type p(μ1, μ2), where (μ1, μ2) ∈ [0, 1]; p is the propositional variable and μ1 
and μ2 are annotated values, which can be obtained by measurement, statistics or 
probability calculations. 
 The formula p(μ1, μ2) can be read intuitively in the following manner: “I 
believe proposition p with degree of favorable evidence μ1 and degree of contrary 
evidence μ2”. We therefore have: 

 p(1.0, 0.0) can be read as a true proposition (total favorable evidence and 
null contrary evidence); 

 p(0.0, 1.0) can be read as a false proposition (null favorable evidence and 
total contrary evidence); 

 p(1.0, 1.0) can be read as an inconsistent proposition (favorable evidence 
total and total contrary evidence); 

 p(0.0, 0.0) can be read as a paracomplete proposition2 or an unknown 
proposition (null favorable evidence and null contrary evidence); 

 p(0.5, 0.5) can be defined as an indefinite proposition (favorable evidence 
equal to contrary evidence) 

Accepting that 0 ≤ μ1, μ2 ≤1, the following concepts can be introduced: 
 Degree of contradiction: Dct (μ1, μ2) = μ1 + μ2 -1 
 Degree of certainty: Dce (μ1, μ2) = μ1 - μ2 
 An order relation defined on the interval [0, 1]: (μ1, μ2) ≤ (λ1, λ2) ⇔ μ1 ≤ 

λ1 and μ2 ≤ λ2, comprising a lattice that is symbolized by τ. 
 
 
 The degrees of contradiction and of certainty give N regions that 
represent N possible logic states. For this article we chose 12 possible states, 
described in Table 2. 
 

 
In order to fully define the lattice associated with logic Eτ it is also necessary to 
define certain control values that delimit certain areas of the lattice that are 
associated with logical values. These control values are listed in Table 3.  

 
 

                                                 
1 A sentence constitutes a propositional formula if it only accepts one of two logical values: true or 
false. 
2 A logic system is paracomplete when it rejects the law of the excluded middle. In these logics it 
is possible for a formula and its negation to both be false. 
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Table 2 – Labels for extreme and non-extreme logic states 
 

Logic state Symbol 
False F 
True V 
Inconsistent Τ
Paracomplete ⊥
Quasi-true, tending to 
inconsistent QV→ Τ 
Quasi-true, tending to 
paracomplete QV→⊥ 
Quasi-false, tending to 
inconsistent QF→ Τ 
Quasi-false, tending to 
paracomplete QF→⊥ 
Quasi-inconsistent, tending to 
true QΤ→V 
Quasi-inconsistent, tending to 
false QΤ→F 
Quasi-paracomplete, tending to 
true Q⊥→V 
Quasi-paracomplete, tending to 
false Q⊥→F 
Source: [11] 

 
  
 

Table 3 – Control values  
 
 

VCVE = C1 = Control value for veracity, 0 ≤ VCVE ≤ 1 
VCFA = C2 = Control value for falsity, -1 ≤ VCFA ≤ 0 
VCIC = C3 = Control value for inconsistency, 0 ≤ VCIC ≤ 1
VCPA = C4 = Control value for paracompleteness, -1 ≤ VCPA ≤ 0 
Source: [11] 

 
 
 

Thus, the lattice shown in Figure 2 can now be constructed using the 12 
extreme and non-extreme logic states plus the control values defined above. The 
horizontal and vertical axis represent the degrees of certainty and contradiction, 
respectively. The shapes of the regions can vary depending on the control values 
chosen. 
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Figure 2 – Lattice for 12 logic states (four extreme values and eight non-extreme 

values). 
 
 
 

3 Methodology 
 
The first step in applying logic Eτ to the analysis of corporate profitability was to 
determine the importance of each profitability index in the opinion of financial 
analysts (specialists). This was achieved by sending a research instrument via e-
mail to the financial analysts at the Florianópolis office of the Banco Regional de 
Desenvolvimento do Extremo Sul – BRDE.3 The instrument listed the profitability 
indices chosen for this study and twenty specialists replied. 

The analysts’ profiles were analyzed to verify that their backgrounds were 
appropriate for the study. Eighty-percent of the interviewees had a degree in 
Management, Accounting or Economics, 45% had completed a masters or 
doctorate and 45% had more than ten years’ experience in financial analysis. 
 The interviewees indicated on a scale from 1 to 5, ranging from 
“unimportant” to “very important”, their opinion of the importance of each index 
for measuring the profitability of companies in the food industry. The food 
industry was chosen for this study intentionally. 
 
 

                                                 
3 BRDE is a bank that was established to fund development in the Brazil’s three southernmost 
states (Paraná, Santa Catarina and Rio Grande do Sul).  



Corporate profitability analysis                                                                        1279 
 
 
 

Table 4 – Specialists’ ratings of profitability indices  
 Total Mean Standard 

deviation CV 

Operating Profit Margin 88 4.40 0.99 22.61 
Return on Equity (ROE) 84 4.20 0.83 19.85 
Return on Investment (ROI) 84 4.20 0.62 14.66 
Net Profit Margin  81 4.05 0.69 16.95 
Return on Assets (ROA) 74 3.70 0.80 21.66 
Gross Profit Margin 73 3.65 1.09 29.85 
Asset Turnover 71 3.55 0.83 23.26 
Profit per Share 66 3.30 0.98 29.66 
Note: CV is the coefficient of variation, which indicates variability around the 
mean. The maximum variability accepted for a representative mean was 30%. 

                        Source: The authors  
 
 Analyzing the total score for importance of each profitability index for 
evaluating the profitability of food industry companies provides a more compact 
overview of the importance of each one in the opinion of the specialists (Table 4). 
Operational profit margin was the most important index, standing out in the 
results with a mean score of 4.40. Also important were return on equity (ROE) 
and return on investment (ROI), both with means of 4.20; and net profit margin, 
with a mean of 4.05. Lower mean scores were observed for return on assets 
(ROA) with a mean of 3.70, gross profit margin with a mean of 3.65 and asset 
turnover with a mean of 3.55, while the least important index was profit per share 
with a mean of 3.30. 
 

Table 5 – Distribution of profitability indices 
 

Decile Operating 
Profit Margin 

Return on Equity 
(ROE) 

Return on 
Investment (ROI) 

Net Profit 
Margin 

1º ≤ -2.58  ≤ -5.70 ≤ -4.73 ≤ -1.30 
2º ≤ -0.04  ≤ 1.90 ≤ 0.92 ≤ 0.40 
3º ≤ 1.72  ≤ 6.10  ≤ 3.35 ≤ 0.90 
4º ≤ 3.04 ≤ 10.10  ≤ 4.30 ≤ 1.60 
5º  ≤3.69 ≤ 11.50  ≤ 6.25 ≤ 2.00 
6º  ≤4.86 ≤ 13.80  ≤ 7.44 ≤ 2.60 
7º  ≤6.33 ≤ 15.60  ≤ 9.68 ≤ 4.00 
8º  ≤7.59 ≤ 26.50  ≤ 11.55 ≤ 5.10 
9º  ≤9.98 ≤ 35.40  ≤ 14.22 ≤ 6.20 

10º  9.98 < 35.40 < 14.22 < 6.20 < 
 
  In view of the above results, the indices operational profit margin, return 
on equity (ROE), return on investment (ROI) and net profit margin were selected, 
since they had the highest total and mean scores. A second step towards achieving 
the study objectives was to acquire indicators on the food industry companies in 
the 2009 Valor 1000 database, which is published by the financial newspaper 
Valor Econômico. The Valor 1000 lists data on one thousand companies from a  
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range of sectors and in 2009 80 of these were from the food industry. Thirteen of 
these firms’ data were excluded because they did not publish net revenue, assets, 
net profit or other figures indispensable to calculation of the profitability indices. 
A statistical software package was used to sort the companies’ results for each of 
the profitability indices chosen into deciles, presented in Table 5. 
 The third step was to attribute a degree of favorable evidence (μ1) and a 
degree of contrary evidence (μ2) to each profitability index for each company. The 
degree of favorable evidence was obtained by dividing by 10 the number of the 
decile within which the profitability index fell. In other words, if a given firm had 
an operational profit margin of 2.7, it would be classified in the fourth decile, so 
its degree of favorable evidence of operational profit would be 0.4. The degree of 
contrary evidence was then obtained by subtracting the result for the degree of 
favorable evidence from 1.0 (μ2 = 1 – μ1). 
 The fourth step was to calculate the overall degree of favorable evidence 
resulting from each firms’ profitability indices (μR). Figure 3 is a graphical 
illustration of the method for obtaining the state representing the overall degree of 
favorable evidence of firm profitability.  
 

 
Source: Adapted from [12] 

 
Figure 3 – Conceptual model for analysis of profitability 

 
  Figure 4 depicts the user interface for the Visual Basic program showing 
input values for a firm whose Operating Profit Margin (X1) was 0.70, whose ROE 
(X2) was 6.80, whose ROI (X3) was 3.80 and whose Net Profit Margin (X4) was 
0.90. This software implementation, named the Paraconsistent Analyzer, classifies 
the input values by deciles and calculates the resulting degrees of favorable and 
contrary evidence. Therefore, for the firm shown, Net Profit Margin was classified  
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at μ1 = 0.30 and μ2 = 0.70; ROE at μ1 = 0.40 and μ2 = 0.60; ROI at μ1 = 0.40 and 
μ2 = 0.60 and net profit margin at μ1 = 0.30 and μ2 = 0.70.  
  Next, the overall degree of favorable evidence of profitability (μR) is 
calculated using a basic structural equation that equates and processes signals in 
paraconsistent artificial neural networks within a closed real interval of zero to 
one [12]. The formula was defined as follows: μR =(μ1R −μ2 R +1) / 2 , where μR is 
the overall degree of favorable evidence of firm profitability, μ1R is the resulting 
degree of favorable evidence, and μ2R is the resulting degree of contrary evidence. 

Finally, the overall degree of favorable evidence of profitability is 
multiplied by ten (μR x10) to enable comparison with the specialists’ scores. 
 
 

Decile
Degree of favorable 

evidence (µ1)

Degree of 
contrary 

evidence (µ2)

Operating Profit: 0.70 3 0.30 0.70

ROE: 6.80 4 0.40 0.60

ROI: 3.80 4 0.40 0.60

Net Profit Margin: 0.90 3 0.30 0.70

Print Analyze 0.40

0.70

Exit Database 0.35

3.50

Paraconsistent analyzer 

Resulting degree of favorable evidence (µ1R)

Resulting degree of contrary evidence (µ2R)

Overall degree of favorable evidence of profitability (µR)

Profitability Assessment

 
Source: Authors 

Figure 4 –Paraconsistent Analyzer 
 
  The program offers the option to print out the profitability analysis and 
also offers the chance to alter the database of index distributions across deciles, so 
that distributions other than the one used in this study can be employed. The 
program was implemented in the Visual Basic programming language according 
to the algorithm described below: 
 
(1) Read discrete index values  
 / Operating Profit Margin = X1 / 

/ ROE = X2 / 
/ ROI = X3; / 
/ Net Profit Margin = X4 / 
 

(2) Calculate the degree of favorable evidence for each index 
 / if X1, X2, X3 and X4 ≤ 1st decile, then μ1a, μ1b, μ1c and μ1d, equal 0.1 / 
 / if X1, X2, X3 and X4 ≤ 2nd decile, then μ1a, μ1b, μ1c and μ1d, equal 0.2 / 
 / if X1, X2, X3 and X4 ≤ 3rd decile, then μ1a, μ1b, μ1c and μ1d, equal 0.3 / 
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               / if X1, X2, X3 and X4 ≤ 4th decile, then μ1a, μ1b, μ1c and μ1d, equal 0.4 / 
 / if X1, X2, X3 and X4 ≤ 5th decile, then μ1a, μ1b, μ1c and μ1d, equal 0.5 / 
 / if X1, X2, X3 and X4 ≤ 6th decile, then μ1a, μ1b, μ1c and μ1d, equal 0.6 / 
 / if X1, X2, X3 and X4 ≤ 7th decile, then μ1a, μ1b, μ1c and μ1d, equal 0.7 / 
 / if X1, X2, X3 and X4 ≤ 8th decile, then μ1a, μ1b, μ1c and μ1d, equal 0.8 / 
 / if X1, X2, X3 and X4 ≤ 9th decile, then μ1a, μ1b, μ1c and μ1d, equal 0.9 / 
 / if X1, X2, X3 and X4 ≤ 10th decile, then μ1a, μ1b, μ1c and μ1d, equal 1.0 / 
 
(3) Calculate the degree of contrary evidence for each index 
 / μ2a = 1 – μ1a / 
 / μ2b = 1 – μ1b / 
 / μ2c = 1 – μ1c / 
 / μ2d = 1 – μ1d / 
 
(4) Calculate the resulting degree of favorable evidence  
 / Max (μ1a, μ1b, μ1c e μ1d) / 
 
(5) Calculate the resulting degree of contrary evidence 
 / Max (μ2a, μ2b, μ2c e μ2d) / 
 
(6) Calculate the overall degree of favorable evidence of profitability 

/ μR =(μ1R −μ2 R +1) / 2 / 
 
(7) Calculate the firm’s profitability assessment 
 /  μR *10 /  
 
 
4 Test of the conceptual model 
 
The conceptual model using logic Eτ to analyze the profitability of companies, as 
implemented in Visual Basic, was compared against the opinions of specialist 
financial advisors to test for the capacity to provide results consistent with the 
objectives for which it was designed. 

The financial analysts’ profiles had been evaluated earlier in the study 
and eleven of them had reported experience in financial analysis of food industry 
companies. Therefore, these analysts were contacted once more and requested to 
take part in the next stage of the study. Four of them agreed to participate. Each of 
these analysts were sent data on five companies to analyze. The limit of five 
companies per analyst was imposed by the analysts themselves on the basis of the 
amount of time they could make available. 
 Twenty companies (five per analyst) were selected at random from the 
database. The randomization process was as follows: the companies were listed in 
order of their ranking in the Valor 1000 and then subdivided into 17 groups of 
four companies (with the exception of the last group which only contain three  
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firms). The companies in each group were numbered from one to four and then a 
number between one and four was drawn at random, selecting companies with 
that number. At the end of this process 17 companies had been chosen and three 
remained to reach the total of 20. One more number was drawn at random and the 
first three companies with that number were selected. The 20 companies were 
then classified in alphabetical order and the first five were allocated to the first 
analyst, companies six to 10 were allocated to the second, and so on. 

Profitability indices for these 20 companies were extracted from the 
database and a research instrument was constructed on which the analysts would 
score the profitability of each company from zero to 10. The companies' names 
were excluded from the research instrument since this information could have 
influenced the specialists' analyses. Table 5 lists the 20 companies chosen, the 
profitability indices for each one, the resulting degrees of favorable evidence 
(μ1R), the resulting degrees of contrary evidence (μ2R), the overall degree of 
favorable evidence of each firm’s profitability (μR), the overall degree of 
favorable evidence of each firm’s profitability multiplied by ten (μR x10) to 
enable comparison with the specialists’ score, the specialists’ scores for the firms’ 
profitability and, in the final column, the difference between the model’s and the 
specialists’ profitability assessments. 
 Table 5 lists the indicators of profitability for each of the twenty 
companies analyzed and the resulting degrees of favorable and contrary evidence 
calculated using the methodology described in Section 3. Additionally, the same 
table lists the overall profitability assessment for each firm according to the 
paraconsistent logic conceptual model and the specialists’ assessments of their 
profitability. The final column shows the differences between the results of the 
model and the specialists’ scores.   

It will immediately be observed that for six firms (E, F, G, I, O and U), 
which is 30% of the sample, the proposed model and the specialists attributed 
identical scores. The maximum error of the system was two points (firm L) and 
the mean difference was 0.45 points with a standard deviation of 0.69 points. The 
correlation between the specialists’ assessments and the model was 0.96, 
significant at 1%. It is therefore concluded that there is a high degree of similarity 
between the specialists’ profitability assessments and the evaluations provided by 
this implementation of the paraconsistent logic conceptual model. 
 The results shown in Table 5 suggest that evaluating the profitability of 
companies using the concepts underlying annotated paraconsistent logic provides 
very similar results to requesting assessments from specialists. In view of this, this 
approach could be useful as a validation techniques for technical reports and as a 
decision-making support tool. 

 
Table 5 – Comparison between specialist analysts’ evaluations of firms’ 

profitability and the results of a conceptual model based on paraconsistent logic 
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A 0.7 6.8 3.8 0.9 0.3 0.6 0.35 3.5 3.0 0.5 
B 11.3 37.1 20.4 5.6 0.9 1.0 0.95 9.5 10.0 -0.5 
C -14.8 735.8 37.5 17.5 0.1 1.0 0.55 5.5 5.0 0.5 
D 4.9 13.8 11.4 1.7 0.5 0.2 0.65 6.5 6.0 0.5 
E 3.0 11.2 6.8 2.1 0.4 0.4 0.50 5.0 5.0 0.0 
F -2.8 -29.0 -14.2 -5.0 0.1 0.9 0.10 1.0 1.0 0.0 
G -0.9 -3.8 -2.3 -0.7 0.2 0.8 0.20 2.0 2.0 0.0 
H 7.0 20.3 10.9 6.2 0.8 1.0 0.90 9.0 7.0 2.0 
I 3.0 11.5 6.4 2.3 0.4 0.4 0.50 5.0 5.0 0.0 
J 7.0 10.1 6.4 6.3 0.5 1.0 0.75 7.5 8.0 -0.5 
L 3.4 32.7 2.4 0.6 0.3 0.1 0.6 6.0 4.0 2.0 
M 2.7 6.7 4.3 1.3 0.4 0.5 0.45 4.5 4.0 0.5 
N 1.4 6.1 3.5 0.8 0.3 0.6 0.35 3.5 3.0 0.5 
O 3.2 9.8 7.0 1.7 0.4 0.4 0.50 5.0 5.0 0.0 
P 5.4 16.9 9.6 3.5 0.7 0.2 0.75 7.5 7.0 0.5 
Q -2.6 13.3 7.0 1.6 0.1 0.4 0.35 3.5 3.0 0.5 
R 6.1 55.2 11.2 4.0 0.7 1.0 0.85 8.5 7.0 1.5 
S 8.2 30.3 18.0 9.0 0.9 1.0 0.95 9.5 9.0 0.5 
T -2.0 -50.2 -42.5 -6.5 0.1 0.8 0.15 1.5 1.0 0.5 
U 7.6 5.8 3.6 0.8 0.3 0.1 0.60 6.0 6.0 0.0 
           

Minimum difference      0.00 
Maximum difference      2.00 
Mean difference      0.45 
Standard deviation     0.69 
Pearson correlation     0.96* 
* Significant at 1% level.      

 
 
5 Conclusions 
 
 This study proposed and implemented a conceptual model for the 
analysis of firm profitability employing an approach based on paraconsistent 
annotated evidential logic Eτ. A dedicated software program, the Paraconsistent 
Analyzer, was developed for simulations and to test the model and was 
operationally validated by using the results of a survey of specialist financial 
analysts’ assessments and a database of Brazilian companies to perform a 
comparative analysis of the model’s results against expert opinion. The study 
results allow for a number of conclusions and suggestions. 
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 With regard to the operational aspects of the system, it was observed that 
the software program is easy to use and the visual layout of the graphical user 
interface facilitates understanding of the process and of the results produced. 
 The group of indices for corporate profitability analysis considered most 
important by the specialists surveyed here only coincide with a list of profitability 
indices employed by Iudícibus (1998), whereas other authors diverge on the 
inclusion/exclusion of at least one profitability index. 
 Both the authors consulted and the specialists studied highlight return on 
equity as an important index of profitability. However, the specialists considered 
operational profit margin to be the most important index, whereas many authors 
do not even consider this to be an index of profitability. This disagreement may be 
the result of having restricted the study to data on food industry companies. The 
specialists were asked to indicate the indices they considered most important for 
analyzing profitability of food industry companies, whereas the authors consulted 
tend to propose a set of generic indicators for analysis of companies in all 
industries. 
 The evidence provided by the tests supports acceptance of the proposed 
model and indicates that the model based on logic Eτ is capable of dealing with 
the ambiguous and uncertain aspects that are inherent to analyzing corporate 
profitability. It can also be concluded that the model based on logic Eτ offers 
solutions for problems related to financial analysis of companies by means of 
more appropriate analysis techniques, particularly when data are uncertain or 
contradictory, since such data can still be treated in a non-trivial manner. 
 The conceptual model was found to be fully operational and, therefore, 
applicable to analysis of company profitability. Potential applications for 
expanded and improved versions of this model (and of other quantitative 
methods) include flagging up involuntary analyst bias when measuring company 
profitability or even for detecting fraud. 
 It is hoped that this study can contribute to financial analysis of 
companies and, more specifically, to analysis of company profitability, to the 
extent that it has shown the viability of practical application of a model designed 
to measure elements that are typical of the applied social sciences. Naturally, the 
innovative nature of the study, both in terms of its approach and the model 
produced, means that contributions are needed from researchers in other 
disciplines in order to improve and expand the opportunities for application. 
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