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Abstract 
 
 To test the usefulness of the Beneish model, we use a unique, not publicly avail-
able database from the Financial Administration of the Slovak Republic, aggre-
gating the results of all on-site financial inspections conducted by this authority 
during 2015 – 2019. This database is paired with firm-level accounting data from 
the Registry of Financial Statements and the Business Register to obtain additional 
corporate governance data. Our results indicate that (a) the performance of the 
Beneish model is inferior for the Slovak data; (b) there are several significant 
financial variables with statistical and economic significance, but their relevance 
is conditional on the industry group; and (c) corporate governance indicators 
appear to be more relevant preventive factors of fraudulent behavior, especially 
foreign ownership, female CEO and corporate social responsibility. 
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Introduction1 
 
 In this paper, we apply the well-known Beneish (1999) earnings manipulation 
model for detecting tax fraud utilizing a unique dataset of on-site financial controls 
performed by the Financial Administration of the Slovak Republic during the 
years 2015 – 2019. This dataset enables us to precisely differentiate between non-
violators and violators, which is usually not possible in most empirical studies. 
Our results indicate that the Beneish model performs inferiorly in the Slovak busi-
ness environment. Even though some of the firm-level variables are statistically 
significant, even in terms of the economic impact of their effect, the overall model 
performance is rather weak. We show that some corporate governance indicators, 
such as having a female CEO, corporate foreign ownership, and social responsi-
bility to the firm’s employees, play a more critical role. As such, searching for 
a better tool than Beneish model to detect tax manipulation in the Slovak Republic 
is still necessary. 
 Juggling corporate accounting and financial statements is an integral part of 
corporate finance. The act of intentionally influencing the process of financial 
reporting to obtain some gain is widely known as earnings management, which 
includes various motivations: from receiving higher bonuses, through avoidance 
of declining ratings, to, perhaps, most importantly, tax savings and boosting the 
value of the company – or just creating a positive impression of company stability. 
Some of the earnings management techniques are legal, and others are not. The 
latter techniques are the subject of our analysis, and we will refer to these illegal 
techniques as fraud or financial manipulation. 
 Accounting fraud represents a significant threat to the existence and efficiency 
of capital markets (Amiram et al., 2018) but also to the fiscal policy of the state 
(Slemrod, 2007). Financial manipulation reduces investors’ confidence, making 
them less willing to participate in financial markets (Giannetti and Wang, 2016). 
The study of the manipulation of financial and accounting reporting has an inter-
disciplinary character (Uretsky, 1980), while the field of study is determined by 
the effects that are the subject of analysis. This is also reflected in a wide range of 
definitions, from which we will use the broadest. Rezaee (2002) defined financial 
manipulation as the intentional misstatement or omission of data in accounting 
and financial statements and the misuse of accounting standards, principles, and 

 
 1 This work was supported by the Slovak Research and Development Agency (grant No. APVV-
18-0310 and No. APVV-22-0126) and the Slovak Grant Agency for Science (VEGA project No. 
1/0182/20). We are thankful to the Anti-Fraud and Risk Analysis Section of the Financial Directorate 
of the Slovak Republic for their cooperation. The authors have no competing interests to declare 
relevant to this article’s content. All detailed results and code are available from the corresponding 
author upon request. 
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methods to deceive users, primarily investors, creditors, and the state. Creative 
accounting must be distinguished from financial manipulation, the perception of 
which is also significantly different, as reflected in a wide range of definitions 
(e.g., Amat, 2004). 
 Accounting and financial manipulation can improve one’s results in the eyes 
of investors, shareholders, or creditors and reduce a firm’s tax liability toward the 
state (Eilifsen et al., 1999; Noor et al., 2012). Some researchers have noted that 
the dominant elements of manipulation are not only income but also the overvalua-
tion of property, the use of which results in tax benefits in the form of depreciation 
or direct costs for acquisition (Beasley et al., 1999; Badertscher et al., 2006), result-
ing in an advantage on both sides. 
 The overvaluation of a company’s assets and income is related to the com-
pany’s activity on the capital markets and the possible motivation of the manage-
ment to present better results, thus following their interests connected with their 
remuneration. Many works have been devoted to researching this type of mani-
pulation, of which we can highlight some of the most influential studies, e.g., 
Burns and Kedia (2006), Erickson et al. (2006), Johnson et al. (2009), Armstrong 
et al. (2010), Call et al. (2016). These works focus on finding relationships between 
possible internal and external causes (remuneration of management, manipulation 
of the market value of shares, acquisition of additional financial resources, etc.) and 
financial manipulation. In the second case, companies declare lower revenues or 
higher costs, reducing their tax liabilities to the state (Harris et al., 1993). 
 The manipulation techniques in both cases deviate from usual financial report-
ing patterns. Connecting tax and financial reporting could prevent such manipula-
tion. Nevertheless, the partial separation of these systems allows for manipulation 
from which subjects have advantages, either in increasing the firm’s value or 
reducing tax liability (Eilifsen et al., 1999). Sometimes manipulators can simulta-
neously achieve an advantage on both sides due to the partial separation of these 
systems (Frank et al., 2006). The primary outcome, stemming from separate finan-
cial and tax reporting, is manifested in the empirical research that the development 
of detection models cannot be unified and used indefinitely in the conditions of 
each system equally. 
 Another problem in the research area of detecting tax manipulation stems from 
the data available for such analysis; that is why a substantial part of attention 
has primarily focused on advanced economies (Shackelford and Shevlin, 2001). 
Naturally, constructing detection models in the conditions of less developed sys-
tems (from the perspective of data availability) is problematic (Perols et al., 2017). 
In such situations, models developed elsewhere are often applied in practice, lead-
ing to incorrect conclusions about the possible detection of tax manipulation or, 
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in some cases, to unverifiable conclusions, primarily due to the size of the ana-
lyzed sample. 
 Finally, the last concern about tax fraud detection models is related to the prob-
lem that many manipulative firms are poorly categorized during the development 
of models because they were not explicitly revealed (Dechow et al., 2011). During 
the construction of prediction models, we usually work under the naive assump-
tion that companies that have not been detected are so-called non-manipulators, 
which significantly distorts the results within these models. Therefore, detection 
models with high accuracy (approximately 80%) successfully detect manipulative 
firms in which authorities have detected manipulation (Persons, 1995). Thus, if 
the model is applied to the entire sample of companies in a given country, the 
results will likely be affected by either type I or type II errors. 
 To address the pitfalls mentioned above, this paper focuses on verifying 
a straightforward approach for detecting tax fraud – the Beneish (1999) model – 
in local conditions of companies operating in the Slovak Republic. Our main find-
ing is that these models perform poorly, and their real-world application is not 
advised.2 
 
 
1.  Data and Methodology 
 
 We use a unique (not publicly available) database from the Financial Admini-
stration of the Slovak Republic that contains the results of all on-site financial 
inspections conducted by this authority during the years 2015 – 2019. This database 
is paired with (a) firm-level data obtained from the Register of Financial State-
ments (www.registeruz.sk), in which all Slovak firms are obliged to provide their 
balance sheets and income statements, and (b) Business Register (www.orsr.sk), 
from which we acquired additional firm-level information, such as the composi-
tion of management boards (or those acting in the name of the entity) and owner-
ship structure. Our final sample comprises 4099 financial inspections, from which 
all the necessary firm-level data to apply the Beneish (1999) model are available 
for 2047 companies.3 

 
 2 Our work was motivated by several studies that used the Beneish model for the identification 
of tax avoidance in the conditions of Slovak Republic. Most of these works supporting the validity 
and relevance of using the Beneish model in Slovakia have however been based on newspaper 
reports or personal experience, which would not qualify them as standard research sources. We pre-
sent our results on a relevant and sufficiently large sample to show (in the spirit of the famous “theory 
of dead ends” by Jára Cimrman) that this is not the right way.  
 3 Due to the proprietary character of our data, we cannot disclose additional details. However, 
identified violations during the inspections represent approximately 3/4 of our observations, homo-
genously across NACE groups. 
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 Beneish (1999) used a weighted and unweighted probit model on a sample of 
50 manipulators and 1,708 non-manipulators, matched from the population of the 
Compustat database. As is the case of the majority of such detection models, the 
main drawback of the Beneish model is that it has been estimated on a sample of 
US companies, using financial information for publicly traded companies almost 
a quarter of a century ago – thus, its relevance to Slovak enterprises may be ques-
tionable. By its construction, the application of the Beneish model requires the 
calculation of eight indicators (see Table A.1), all based on comparing two suc-
cessive accounting periods to detect an unusual event. The final model takes the 
following form: 
 
M-score 4.84 0.92 0.528 0.404 0.892

0.115 0.172 4.679 0.327

DSRI GMI AQI SGI

DEPI SGAI TATA LVGI

          
       

 (1) 

 
where  
 DSRI  – days sales in receivable index;  
 GMI  – gross margin index;  
 AQI  – asset quality index; SGI – sales growth index;  
 DEPI  – depreciation index;  
 SGAI  – selling, general and administration expenses index;  
 LVGI – leverage index; TATA – total accruals to total assets index;  
     (for more details see Table A.1).  
 
 The construction of individual variables in the Beneish model follows the same 
structure, where a financial ratio for the current accounting period is divided by 
the same financial ratio for the previous accounting period. The indicators thus 
define rate-of-change indices, to detect sudden changes in sales dynamics (SGI), 
the composition of assets and liabilities (AQI, LVGI, and TATA), depreciation 
(DEPI), and the composition of sales (DSRI, GMI, SGAI). This model definition 
has both a benefit and a weakness. As the model captures changes, it is possible 
to identify the period during which manipulation may have occurred. On the other 
hand, the model fails to identify a continuous manipulation of financial statements, 
as the similar ongoing manipulation of consecutive statements would not intro-
duce a detectable jump in the calculated indices.  
 An M-score of less than –2.2 indicates that the firm is not a manipulator, and an 
M-score greater than –2.2 signals otherwise. Similarly to the well-known Altman 
model used to detect financial distress, one might assume that the overall perfor-
mance of such a model in local conditions would be relatively poor. 
 As our data are accurate in terms of discriminating exactly among manipulators 
and non-manipulators, we apply simple logistic regression to verify the applica-
bility of this model in the conditions of Slovak companies: 
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1
( )

1 jj j j Z
P E Y I

e 


      (2) 

 
where jP  denotes the fitted probability of firm j being found as in breach of tax 

regulations, jY  is either 0 or 1, depending on whether the firm is actually in breach 

of regulations and jI  is the information set comprising the variables modeling the 

individual firm. For the original Beneish model, jI  includes the values of DSRI, 

GMI, AQI, SGI, DEPI, SGAI, LVGI, and TATA, resulting in: 
 

0 1 2 3 4 5

6 7 8

j j j j j j

j j j j

Z DSRI GMI AQI SGI DEPI

SGAI LVGI TATA

     

   

      

   
         (3) 

 
where j  is the error term. The extended model (on which we further elaborate in 

Section 2.2) includes additional variables for the ratio of personal to total cost 
(personalToCosts) and two dummy variables to indicate whether there a foreign 
entity has a stake in the firm (stakeForeign) or has a woman in a managerial posi-
tion or as a statutory of the firm (statWoman): 
 

0 1 2 3 4 5

6 7 8 9

10 11

j j j j j j

j j j j

j j j

Z DSRI GMI AQI SGI DEPI

SGAI LVGI TATA stakeForeign

statWoman personalToCosts

     

   

  

      

    

  

         (4) 

 
 
2.  Results 
 
2.1.  Performance of the Beneish Model in Slovak Conditions 
 
 First, we examine how the Beneish model works when applied naively, i.e., we 
take the estimated weights of given parameters and compute the M-scores. Recall 
that an M-score of less than –2.2 indicates that the firm is not a manipulator; an 
M-score greater than –2.2 signals otherwise.  
 Figure 1 captures these results for all inspected firms in our sample (both with 
no findings and those with confirmed violations) and the entire population of firms 
operating in Slovakia (data from the Register of Financial Statements of a total 
of 337,166 firms). We can see that the differences among confirmed violators, 
non-violators, and the entire sample of firms operating in Slovakia are negligible. 
Such a naïve application of the Beneish model does not make much sense in 
Slovak business conditions. 
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F i g u r e  1 

M-score Distribution (inspected firms and population) 
 

 
Source: Own calculations. 

 
 We further proceed with estimating logistic regressions, including all Beneish 
indicators. The results are presented in four separate tables, as we differentiate 
between high-severity violations (over 26,600 EUR,4 see Table 1), high-severity 
violations on a dataset cleaned for extreme values (Table 2), low-severity viola-
tions (over 2,660 EUR,5 see Table 3) and low-severity violations on a cleaned 
dataset without extremes (Table 4). 

 
 4 We derived the threshold for expressing higher severity from the Criminal Code, which sets 
a higher penalty rate for crimes above this threshold. It is the threshold defining the second highest 
severity in the Slovak criminal code.  
 5 As in the previous case, this is a limit derived from the Criminal Code. We did not define the 
severity across all the boundaries defined in the criminal law since the initial crime threshold is set 
to only 266 EUR. We consider this to be a very low value in order to rule out accounting or other 
minor errors. 
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 Overall, the performance of the Beneish model is inferior using the Slovak 
data. Only the asset quality index (AQI) helps significantly to differentiate between 
non-violators and violators. Furthermore, this holds for the NACE B-E group only. 
This group’s total accruals to total asset (TATA) indicator serves as a preventive 
factor, with an odds ratio close to zero. In the case of low-severity violations, the 
sales growth index (SGI) is a significant risk factor for firms in the NACE A clas-
sification. A few other odds ratios are statistically significant but with values close 
to 1, indicating that the effect is relatively weak. 
 For the overall fit of our models, the pseudo-R2 is approximately zero. How-
ever, the Pearson goodness-of-fit test indicates a good fit (the number of covariate 
patterns is not presented in the tables, but it is close to the number of observations, 
making the applicability of the Pearson chi2 test questionable, although not neces-
sarily inappropriate). Specificity, the ability of a model to correctly classify true 
negatives, is close to 100% in the case of high-severity violations. On the other 
hand, the sensitivity, i.e., correct classification of true positives, is below 10% on 
average. The situation is slightly different in low-severity violations; here, the 
specificity is approximately 80% on average, and the sensitivity is almost 30%. 
These characteristics are marginally better in models estimated on a sample with-
out outliers. In addition, we computed the area under the ROC (Receiver Operat-
ing Characteristic) curve, for which an area of 50% indicates the model has no 
class separation capacity. Apart from one exception in minor violations (NACE A 
group), this is the case for our models – the area under the ROC curve is approxi-
mately 50 – 60%. In contrast, a good classification model should yield results 
above 80%. 
 
2.2.  Extending the Beneish Model 
 
 We follow the stream of literature that confirms that nonfinancial firm charac-
teristics are important by extending our baseline model in several ways. We have 
included a variable for foreign ownership, as its impact is well documented in the 
corporate finance literature. Estrin et al. (2009) provide evidence of the positive 
role of foreign ownership caused not only by the provision of additional invest-
ments but also by micro-level management practices and corporate governance 
reforms. Furthermore, as noted in a survey by Baumöhl and Kočenda (2022), one 
of the most important factors for firm survival is the presence of a foreign owner 
(see also Baumöhl et al., 2019). Using a sample of German firms, Franco and 
Gelübcke (2015) show that in most cases, domestic firms suffer from higher com-
petition introduced by foreign firms, except when they are part of a high-R&D 
region or a high-tech sector. Alfaro and Chen (2012) document higher resilience of 
multinational subsidiaries than local counterparts using worldwide data. Taymaz 
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and Özler (2007) document that in the Turkish manufacturing industry, foreign 
plants have higher efficiency and survival probabilities only in the initial phases 
but not in the long term and that the benefits of foreign direct investment disappear 
when the industry and other factory characteristics are controlled for. Mata and 
Portugal (2004) provide evidence of sharp differences between small domestic and 
foreign firms regarding their entry and survival. In summary, a “foreign ownership” 
control variable should be included in every empirical work in the field of corpo-
rate finance (in our Tables, this variable is denoted as “stakeForeign,” which takes 
a value of 1 if foreign ownership is present and is zero otherwise). 
 The second variable extending our baseline model is the gender of the CEO 
(denoted as “statWoman,” a variable that takes a value of 1 if the CEO (or statu-
tory) is a woman and is zero otherwise), which appears to be a relevant factor in 
explaining the propensity to engage in criminal activity, such as bribery (Dollar 
et al., 2001; Swamy et al., 2001). Hanousek et al. (2019) show that having a female 
CEO is detrimental to firm efficiency in high-corruption environments, and they 
explain that this could be due to factors such as higher risk aversion (Charness and 
Gneezy, 2012; Faccio et al., 2016), less overconfidence (Lundeberg et al., 1994; 
Barber and Odean, 2001), or that women have more pro-social attitudes than men 
(Eckel and Grossman, 1998; Funk and Gathmann, 2011). 
 Finally, our third variable (“personalToCosts”) is the ratio of personal costs to 
total costs. The underlying idea behind this variable is as follows. There is an over-
lap between corporate social responsibility (CSR) and corporate governance (Jamali 
et al., 2008), as firms are held responsible not only to internal stakeholders but 
also to external stakeholders and society in general, and this holds especially con-
cerning taxation (Huseynov and Klamm, 2012). As in Slovakia, there are no meas-
urements of CSR; we utilized the ratio of personal costs to total costs. It is common 
in Slovakia to employ an employee as a self-employed worker for tax reasons. 
Hence, given the data available, we consider this variable a good proxy of CSR. 
 The results from extended models are presented in Columns (6) – (10) in Ta-
bles 1 – 4. For high-severity violations (Table 1), surprisingly, foreign ownership 
in the NACE B-E group does not help a firm be more honest with its accounting. 
On the other hand, NACE G-S does help, along with a female CEO. The ratio of 
personal costs to total costs is a significant preventive factor in NACE B-E and 
NACE F. Even if we clean the sample of outliers, the results remain essentially 
the same (Table 2). 
 Moving on to low-severity violations (Table 3), foreign ownership and female 
CEO are significant preventive factors for the NACE G-S group. Moreover, per-
sonal costs play an important role for NACE A and NACE B-E. Again, the results 
do not change after the elimination of extreme values.
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3.  Concluding Remarks 
 

 Apart from the Beneish model, we experimented with the Noor et al. (2012) 
model, but the results were not more meaningful. For example, the area under the 
ROC curve is always lower than 80%.6 Interestingly, our nonfinancial indicators 
remain significant, even in this model. Future research on data from the Slovak 
Republic should thus be aimed in this direction and toward more modern ap-
proaches utilized within the machine learning stream of literature. Our results in-
dicate that it is not advisable, particularly from a practical perspective, to rely on 
refurbished historical models from abroad that aspire to be universal, fit-all-data 
models. If nothing else, there are notable differences among the NACE groups. 
 We also believe that the possible construction of models should not be derived 
from comparing changes over time within a specific company. As a rule, companies 
that commit tax fraud do so systematically. Thus, such practices become part of 
their standard business practice, making it impossible to detect changes in behavior 
over consecutive periods. Furthermore, if a company moves from the regime of 
lawful conduct to tax fraud, this change usually occurs gradually. Additionally, 
we found a linearization of tax obligations in our conditions when analyzing the 
basic descriptive statistics and other indicators. Therefore, companies try to main-
tain a certain level of taxation, i.e., when revenues grow, their tax burden increases 
proportionally. However, this should not hold in the context of the theory of eco-
nomies of scale, as further revenue growth should also be reflected in a higher 
marginal taxed economic result (the difference between revenues and costs). 
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