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This research is aimed to identify the similarities and differences of financial ratios used in
the international methods for detecting insolvency (bankruptcy) and bankruptcy fraud. This is
the first step in the process of developing a Latvia model of bankruptcy fraud detection. The
methods of research: literature review, analysis and synthesis, comparative and correlation
analysis. The selection of the analysed financial ratios is based on data from 28 bankruptcy
forecasting models tested in Latvia and Lithuania, developed on the basis of multiple
discriminant and regression analysis. In addition, the ratios of 3 analogical models for detecting
fraud are also analysed. 58 indicators for bankruptcy forecasting were included in the study,
selecting 19 indicators, which are also used to reveal fraud in financial statements (FFS) and to
detect bankruptcy fraud in expertsí and auditorsí practice. The forensic methods to detect
bankruptcy fraud, the international guidelines to reveal FFS, legislative acts and scientific
research in this area are reviewed with the purpose to identify and analyse the similarities and
differences in detecting insolvency (bankruptcy) and bankruptcy fraud. This type of complex
analysis has not been presented in the Baltic countries yet. The article presents the testing
results of fraudís revealing score models (M-score, F-score) using a sample of data obtained
manually from financial statements of 114 small and medium companies in Latvia. It has been
concluded that it is necessary to implement the system of financial ratios and assess the possibility
to use fraudís revealing models in accounting examination. The authors stated the impossibility
of using the M-score and F-score models without calibration for Latvia companies. The logistic
regression model for revealing fraud (Lithuania) one year before the fact of bankruptcy forecasts
the possibility of the bankruptcy fraud with an accuracy of 61.5%. The results of the study
can be used both to create a model for detecting bankruptcy fraud and to develop an accounting
expertise procedure to reveal fraud.

Key words: insolvency, bankruptcy fraud, financial ratio, model, financial statement, Latvia.



Soci‚lo Zin‚tÚu VÁstnesis, 2020 18

Finanu r‚dÓt‚ji uzÚÁmuma maks‚tnespÁjas un kr‚pnieciska bankrota noteikanai: lÓdzÓbas
un atÌirÓbas

–Ó pÁtÓjuma mÁrÌis ir salÓdzin‚t finanu r‚dÓt‚ju lÓdzÓbas un atÌirÓbas, ko izmanto starp-
tautiskaj‚s metodÁs maks‚tnespÁjas (bankrota) un kr‚pnieciska bankrota noteikanai. Tas ir
pirmais solis kr‚pnieciska bankrota noteikanas Latvijas modeÔa izstr‚des proces‚. PÁtÓjuma
metodes: literat˚ras apskats, analÓze un sintÁze, salÓdzino‚ un korel‚cijas analÓze. AnalizÁto
finanu r‚dÓt‚ju izvÁle balst‚s uz koeficientiem, kas iekÔauti 28 maks‚tnespÁjas (bankrota)
prognozÁanas modeÔos, kas izstr‚d‚ti uz daudzdimensiju diskriminantas un regresijas analÓzes
pamata un ir p‚rbaudÓti Latvij‚ un Lietuv‚. Papildus tam tika analizÁti finanu r‚dÓt‚ji no 3
finanu kr‚panas atkl‚anas analoÏiska tipa modeÔiem. Kopum‚ pÁtÓjum‚ tika iekÔauti 58
r‚dÓt‚ji bankrota prognozÁanai, no kuriem tika atlasÓti 19, kas vienlaicÓgi izmantoti ekspertu
un auditoru praksÁ kr‚panas atkl‚anas finanu p‚rskatos (KFP) un kr‚pnieciska bankrota
noteikanai. Maks‚tnespÁjas (bankrota) un kr‚pnieciska bankrota noteikanas lÓdzÓbu un
atÌirÓbu identificÁanai un analÓzei tika apkopoti ar o jomu saistÓtie normatÓvie akti un zin‚t-
niskie pÁtÓjumi, krimin‚listikas metodes kr‚pnieciska bankrota noteikanai un starptautisk‚s
vadlÓnijas KFP atkl‚anai. Rakst‚ prezentÁti kr‚panas atkl‚anas skoringa modeÔu (M-score,
F-score) testa rezult‚ti, balstoties uz manu‚li ieg˚tiem finanu p‚rskatu datiem par 114 Latvijas
mazajiem un vidÁjiem uzÚÁmumiem. LÓdz im brÓdim finanu kr‚panas atkl‚anas modeÔu
visaptvero‚ analÓze un modeÔu piemÁrojamÓbas p‚rbaude Baltijas valstÓs nebija veikta. PÁtÓjuma
rezult‚t‚ tiek secin‚ts, ka ir nepiecieams p‚rskatÓt gr‚matvedÓbas ekspertÓzÁ izmantoto finanu
r‚dÓt‚ju sistÁmu kr‚pnieciska bankrota noteikanai,un sniegti prieklikumi t‚s pilnveidoanai.
Autores ierosina izvÁrtÁt iespÁju kr‚panas atkl‚anas modeÔus izmantot gr‚matvedÓbas
ekspertÓzÁ, tomÁr konstatÁja, ka bez kalibrÁanas M-score un F-score modeÔi nav piemÁroti
Latvijas uzÚÁmumiem. Kr‚panas atkl‚anas loÏistisk‚s regresijas modelis (Lietuva) gadu pirms
bankrota iest‚an‚s prognozÁ kr‚pnieciska bankrota iespÁjamÓbu ar precizit‚ti 61.5%. PÁtÓjuma
rezult‚ti varÁtu tikt izmantoti gan kr‚pnieciska bankrota noteikanas modeÔa izveidei, gan
gr‚matvedÓbas ekspertÓzes proced˚ras izstr‚dei kr‚panas atkl‚anai.

AtslÁgas v‚rdi: maks‚tnespÁja, kr‚pniecisks bankrots, finanu koeficients, modelis, finanu
p‚rskats, Latvija.

Финансовые показатели для обнаружения неплатёжеспособности и мошеннического

банкротства предприятия: сходства и различия

В данном исследовании проводится сравнение финансовых коэффициентов, исполь-

зуемых в международных методах обнаружения неплатёжеспособности (банкротства) и

мошеннического банкротства с целью идентификации сходств и различий в их использо-

вании. Это – первый шаг на пути к разработке латвийской модели для обнаружения мо-

шеннического банкротства. Методы исследования: обзор литературы, анализ и синтез,

сравнительный и корреляционный анализ. Выбор анализируемых финансовых коэффи-

циентов основан на показателях, включённых в 28 моделей прогнозирования банкрот-

ства на основе многомерного дискриминантного и регрессионного анализа, протестиро-

ванных в Латвии и Литве. Также проанализированы коэффициенты 3 моделей выявле-

ния финансового мошенничества аналогичного типа. В исследовании было включено 58

коэффициентов прогнозирования банкротства, среди которых отобраны 19 индикаторов,

используемых также экспертами и аудиторами для выявления мошенничества в финан-

совой отчётности (МФО) и обнаружения мошеннического банкротства. Для идентифи-

кации и анализа сходств и различий в обнаружении неплатёжеспособности и мошенни-

ческого банкротства в статье обобщены законодательные акты и научные исследования в

данной области, методы судебной экспертизы по обнаружению мошеннического банк-

ротства и международные руководства по выявлению МФО. В статье представлены ре-
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зультаты тестирования скоринговых моделей выявления мошенничества (M-score, F-score)

на основе данных, полученных вручную из финансовых отчётов 114 латвийских малых и

средних предприятий. Такого рода комплексный анализ и тестирование моделей выявле-

ния финансового мошенничества в странах Балтии проведён впервые. Авторы пришли к

выводу о необходимости пересмотра системы финансовых коэффициентов для обнару-

жения мошеннического банкротства, используемой в бухгалтерской экспертизе, и вне-

сли предложения по её улучшению. Авторы предлагают также рассмотреть возможность

использования в бухгалтерской экспертизе моделей выявления мошенничества, однако

констатировали невозможность использования моделей M-score и F-score без калибровки

для латвийских предприятий. Модель логистической регрессии выявления мошенниче-

ства (Литва) за год до наступления факта банкротства предсказывает возможность мо-

шеннического банкротства с точностью 61.5%. Результаты исследования могут быть ис-

пользованы как при создании модели обнаружения мошеннического банкротства, так и

для разработки процедуры бухгалтерской экспертизы по выявлению мошенничества.

Ключевые слова: неплатежеспособность, мошенническое банкротство, финансовый

коэффициент, модель, финансовая отчетность, Латвия.

Introduction

The topicality of fraud within the cases of insolvency (bankruptcy)1 has been
substantiated by Deloitte report drawn up according to the order of the Foreign
Investorsí Council in Latvia (FICIL). According to the report, during the period of
2008ñ2014, financial cost of insolvency in Latvia accounted for 6.6 billion EUR or
27% if compared to Latviaís GDP in 2014. Insolvency abuse amounted to 74.3%
and 76.8% of the cases related to fraud in financial statements (Deloitte 2016).

According to the report of the Association of Certified Fraud Examiners (ACFE),
out of the three major categories of occupational fraud the losses caused by fraud in
financial statement are the largest ones, accounting for 975 000 USD (ACFE 2016).
The Financial Intelligence Unit (FIU) of Latvia recognises bankruptcy fraud as one of
the main domestic money laundering risks (FIU 2018).

There are two conceptual approaches to identifying bankruptcy fraud. The inter-
national guidelines have the general indications of ìred flagsî for fraud detection in
financial statementsin the countries based on the Anglo-Saxon law system. The financial
and non-financial indicators for detecting bankruptcy fraud are specified in the national
laws and regulations in countries based on the Romano-Germanic law system.

Assessment of the development rating of bankruptcydetection for the Baltic
countries is provided in B. Prusak study: Estonia ñ 3, Latvia ñ 2, Lithuania ñ 2.5
(according to a 4-point scale) (Prusak 2018). The literature review on bankruptcy
detection and the verified models in Latvia and Lithuania identified 28 bankruptcy
forecasting models. There are many studies on the causes of various risks of bankruptcy
in Estonia.

At least two models have been developed to reveal fraud in financial statements:

1 The term ìinsolvencyî or ìbankruptcyî is used differently in national laws. The term
ìbankruptcyî is commonly used in bankruptcy cases related to fraud and is most often described
as a ìbankruptcy fraudî.
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M-score model (Beneish 1999) and its modification ñ F-score (Dechow et al. 2011)
model. Recent scientific publications have revealed a tendency to combine bankruptcy
forecasting and fraud identificationin financial statements using M-score model
(Wadhwa et al. 2020).

In Latvia and Lithuania, for the detection of bankruptcy fraud forensic experts
use only financial ratios, while Estonia experts also use the Altman models. The authors
have not found any studies about Mscore model in the Baltic countries.

The aim of the study is to identify similarities and differences between financial
ratios used in identifying insolvency (bankruptcy) and bankruptcy fraud for their
subsequent possible use to build model for detecting bankruptcy fraud.

To achieve the goal, the first objective of the research is to determine the financial
ratios of bankruptcy fraud, using the legislation, bankruptcy and fraud detection
models and expertsí experience. The second objective is to test empirically the models
for detecting fraud in financial statements for the bankrupt companies in Latvia caused
by fraud.

The article describes the determination of financial ratios using the classic ban-
kruptcy forecasting models, legislative acts, and guidelines for auditing, as well as
show the results of their comparison. Empirical results of models for revealing fraud
in financial statements (M-score, F-score and the logistic regression model for detecting
fraud (Lithuania)) use in Latvia are describedalso.

This article presents the first stage of the complex entire study of the authors.

Literature review

Detection and proof of bankruptcy fraud have become possible with the
introduction of mandatory financial statements and tightening of the rules for drawing
up the statements. The financial ratios can be used to reveal fraud; they are also
useful at all stages of an audit or an accounting examination, from planning to final
assessment (Guan et al. 2004).

The main achievement in the fight against bankruptcy fraud was creating a metho-
dology for assessing bankruptcy and its timely forecasting. The first step was to
determine the insolvency (bankruptcy) ratios, such as liquidity, solvency, profitability
and activity. The next step was to create a different type of forecasting models, for
example, the risk index scores, multiple discriminant analysis (MDA), the models
with conditional probability as logit/probit type and others.

The authorsí previous literature review about bankruptcy diagnostics in the period
from 1998 to 2017 in Latvia (Liodorova, Voronova 2018a) demonstrated that 19
foreign bankruptcy forecasting models were tested based on the financial statements
of Latvia companies; four Latvia models had been created since 1998. The authors
added the Olhson model recommended for assessing solvency in auditing (Sneidere
2007), but it was not tested in Latvia; the Poland Credibility Index model was verified
as Tamari model in Latvia (Skiltere, Zuka 2006). The authors determined the ratios
of Tamari model (Ivanickova et al. 2016), quantitative indicators of Argenti score,
and added the Skiltere/Zuka scoring model (Skiltere, Zuka 2010). The Depalanís
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model (Sneidere 2007) was not found in other studies.
In addition, the accuracy of the Chesser (1974), Slovakís (1995ñ2005) and Zavgren

(1983) models has been examined in Lithuania (Kanapeckiene, Marcinkevicius 2014).
The regional bankruptcy forecasting logit/probit model has been developed in Lithuania
(Grigaravicius 2003); the economists have looked for the differences between financially
sustainable and insolvent companies (Stoskus et al. 2007). The model included in the
list (see Appendix 1) has been examined for practical use in forecasting bankruptcy of
Latvia companies.

There are many studies on the causes of bankruptcy, including attempts by mana-
gers to hide information in financial statementsin Estonia (Lukason, Camacho-Minano
2019).

Despite the rapid development of insolvency (bankruptcy) forecasting in the world
without any differences, there are differences in establishing evidence of bankruptcy
fraud in countries based on the Romano-Germanic and Anglo-Saxon law systems.2

Thus, the detection of bankruptcy fraud in countries based on the Romano-Ger-
manic law system, such as the Baltic countries, Russia, Belarus, Ukraine and others,
consists of two stages: the determination of economic insolvency and identification of
the fraudulent or anomaly transactions, which lead to the companyís bankruptcy
results. Determination of insolvency and fraud risk is based on the analysis of financial
statements, using the financial ratios. The identification of fraudulent transactions is
based on the detailed analysis of financial documentation (bank statements, accounting
ledgers, contracts, etc.). This documentation is available only to investigators and
auditors.

Baltic legislation mentions only non-financial indicators for detecting bankruptcy
fraud: transactions with stakeholders, indemnity transactions, etc.; financial ratios
are not considered. Detection methodology is not open information to public use in
the Baltic countries. The forensic accountants use a complex approach to the financial
analysis. Courts do not apply the developed and verified bankruptcy forecasting models
in practice (Spieciute et al. 2013). The financial and non-financial indicators for
detecting bankruptcy fraud are specified in legal acts of the Russian Federation, the
Republic of Belarus, Ukraine (Liodorova et al. 2019), but there is no information
about the application of any bankruptcy forecasting model to establish evidence of
bankruptcy fraud in these countries.

Detection of fraud, including bankruptcy fraud in countries based on the Anglo-
Saxon law system, such as the USA, Canada, Great Britain, Australia and others,
implies the auditing of the financial statements, using various analysis methods. There
are guidelines for detecting fraud in financial statements intended for auditors and
fraud examiners. For example, Standard No 99 of Statement of Auditing Standards ñ
SAS (AICPA 2002) developed by the American Institute of Certified Public Accountants
(AICPA) describes the general auditing methods forthe detection and prediction of

2 The definition of bankruptcy fraud is given and its forms are described in the previous study
of the authors (Liodorova, Voronova 2018b).
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fraud (AICPA 2002). The guidelines (Golden et al. 2006) for fraud detection are
recommended by ACFE, and they have general indications of ìred flagsî ñ the financial
and non-financial fraud predictors. Guidelines also contain recommendations for the
financial ratios, which should be analysed to detect bankruptcy fraud.

To reduce the subjectivity of selection of financial ratios for assessing bankruptcy
and/or fraud risk, associations of specialists engaged in the examination and analysis
of finances constantly work on improving their methods, including new scientific
achievements. The National Association of Certified Valuators and Analysts (NACVA)
published the review of scientific studies of fraud detection models (Bishop et al.
2017).

To assess the intentional falsification of financial statements and the likelihood of
fraudulent reporting, the mathematical models have been developed. M-score
manipulation index developed by M. Beneish (Beneish 1999) is a mathematical model,
which consists of eight financial ratios to identify earnings manipulation. M. Beneishís
research has shown that the value of the M-score composite index for organisations
that manipulate their earnings exceeds 2.22. Three various F-score models were deve-
loped by P. Dechow and his colleagues (Dechow et al. 2011), which differed in terms
of the ratios used, related to information availability. Research has shown that the
value of the F-score index for companiesí fraudulent statements ñ for example, in the
case of Enron, ñ exceeds 2.45.

After this period, the authors can highlight the research by C. Corsi and his
colleagues (2015) as well as by H. A. Nguyen and H. L. Nguyen (2016). The research
conducted by H. A. Nguyen and H. L. Nguyen (2016) provides an overview of most
important previous studies on the use of M-score performed in the USA, Italy, India,
Malaysia, the UK and Nigeria in the period of 2011ñ2014.

All studies have been performed on the basis of joint stock companies whose
reports are publicly available. The sample of the investigated fraud cases is small. The
results of some studies about bankruptcy and fraud in financial statements are presented
in Table 1.
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Table 1
Studies on the ability of financial ratios to detect fraud

in financial statements ñ FFS

Author, Object of the Purpose of the study Main results
year study of financial ratios

103 fraudulent and Examining variables Capital turnover, finan-
non-fraudulent to evaluate FFS models cial leverage and asset

Pearsons O. companies on the and assessing their composition are signifi-
(1995) basis of industry predictive ability using cant factors associated

and period logistic regression with FFS
Period: 1970ñ1990
76 manufacturing Development of a finan- Companies with high
companies: 38 com- cial ratio model to detect inventory and debts, low

Spathis C.
panies with FFS and FFS using logistic profitability, and Z-score

(2002)
38 ñ without FFS regression are more likely to use
Period: 2000 FFS Receivables show

the ability to manipulate
with earnings

158 companies: 79 Examining whether Five ratios are significant
Kaminski K. companies with FFS financial ratios of frau- during the period prior

et al. and 79 ñ without FFS dulent companies differ to the fraud year
(2004) Period: 1982ñ1999 from the ratios of health The limited ability of

companies ratios to detect FFS
73 companies in the Studying the develop- Models that detect
computer technology ment of FFS models over bankruptcy can also
services industry: 30 the years and determi- indicate fraud Combi-Lenard M.
companies that were ning their relative useful- nation of accountinget al.
subject to litigation ness. (descriptive statis- rules, regulation, and(2009)
and 43 healthy tics, Personsí, Altmanís, government enforcement
companies Lenardís models, etc.) helps develop FFS
Period: 1996ñ2004
130 companies: 65 Identifying which Total debt to asset,

Dalnial H.
fraudulent and 65 financial ratios are receivables to revenue,

et al.
non-fraudulent significant to fraudu- Z-score are significant

(2014)
Period: 2000ñ2011 lent reporting predictors to detect FFS

Ratios may be helpful to
detect FFS

134 companies Investigating differences Difference between the
Nia S. Period: 2009ñ2014 between the mean of ratios of current assets,
(2015) financial ratios of fraud inventory and revenue to

and non-fraud companies total assets is significant
66 companies Identifying significant Three variables: asset

Ragab Y.
Period: 2009ñ2015 financial ratios to FFS; turnover, operating

(2017)
developing a logistic profitability and finan-
regression model to cial leverage were
detect fraud entered in the model

Source: compiled by the authors.
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The studies do not reveal any differences between the adjusted version of M-
scoreIt (Italia) and the simplified model for European companies (Corsi et al. 2015).
Results of the research realized by H. A. Nguyen and H. L. Nguyen (2016) indicate
that the M-score model may be considered suitable for selective observations in
Vietnam, as the results of research are also consistent with the audit reports on
information disclosure in 2014. According to Y. Egorushkina (Ю. Егорушкина) (2017),
the use of models developed on the basis of the information of foreign countries is not
possible because the features and characteristics of the Russian economy are not taken
into account. The application of M-score and F-score has revealed significantly different
results: the degree of mismatch ñ 47.04%, the coincidence of the results on the
manipulation ñ 18.64%, non-manipulation ñ 34.32%.

The model of fraud detection has been developed in Lithuania (Kanapickiene,
Grundiene 2015). The authors of the present study have not found any research on
the use of M-score and F-score conducted in Estonia, Latvia and Lithuania.

Experts and scientists discuss the effectiveness of using financial ratios to reveal
fraud in financial statements (FFS). However, there is no consensus on this issue:
some studies show that financial ratios may be helpful to detect FFS; other studies
prove the limited ability of financial ratios to detect FFS.

Methodology of the study

The authorsí complex research methodology ñ the development of a bankruptcy
fraud detection model for use in forensic examination consists of several stages: lite-
rature review of the use of financial ratios for detecting bankruptcy and fraud, logical
analysis of the ratios included in the models, correlation analysis between financial
ratios and facts of bankruptcy fraud, and test of models for revealing fraud in financial
statements (FFS) to detect bankruptcy fraud (see Figure 1).

Figure 1
Process of developing a model for detecting bankruptcy fraud

Source: compiled by the authors.
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Comparison of forensic approach to detecting insolvency
(bankruptcy) and bankruptcy fraud

The authorsí previous study (Liodorova, Voronova 2018a) regarding the models
tested in Latvia and Lithuania presents 28 models. International forecasting models,
such as the Altman, Liss, Zmijewski, Fulmer, etc., and regional models, such as Sorin/
Voronova (Latvia), Grigaravicius (Lithuania), etc. have been included in the list.

There are 58 ratios, which are included in all models 142 times. The most com-
monly used ratios are the profitability ratio ñ 16, solvency ratio ñ 11, activity ratio ñ
10, liquidity ratio ñ 9 and others, which cannot be clearly attributed to a particular
group ñ 12, such as the development of the net profit-to-profit ratio included in Tamari
and Ohlson models, total assets-to-GNP price-level index in Ohlson model (Sneidere
2007; Ivanickova et al. 2016).

The determined ratios and their number are represented in Table 2. Items from
the financial statements used for ratio accounting are presented in Appendix 2.

Table 2
The most commonly used financial ratios in bankruptcy forecasting models

Inclusion frequency in Inclusion frequency in
bankruptcy forecasting bankruptcy forecas-

Type Ratio models (times) Type Ratio ting models (times)

Foreign LV, Total Foreign LV, Total
models LT models LT

Profita- S/TA 9 4 E/TL 8 3
bility EBIT/TA 8 3 35 Solvency TL/TA 5 3 26

NP/TA 8 3 E/TA 4 3
Liqui-

CA/CL 5 2 7 Others EBIT/ % 3 3 6dity
Activity WC/TA 7 2 9 Total 57 26 83

Source: compiled by the authors.

As a result, nine of the most commonly used bankruptcy financial ratios have
been selected which are included in models 83 times (see Table 2). Such ratios are
profitability ñ 3 ratios disclosed in 11ñ13 models, solvency ñ 3 ratios (7ñ11 models),
activity ñ 1 ratio (9 models), liquidity ñ 1 ratio (7 models), other ñ 1. The authors
note, there are also inverse ratios used in some models, but it does not change the
ratioís gist.

The study has shown that the most popular ratios used for bankruptcy prediction
100% are included in nine models: all Altmanís models, Sorin/Voronova (Latvia)
model, Liss and Zmijewski models, Savicka risk index scoring model and Slovakia
IN05 model. None of the selected ratios are included in two models ñ Zavgren and
Chesser models.
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An analysis of forensic practice to identify insolvency (bankruptcy) has shown
that countries based on the Romano-Germanic legal system,3 including the Baltic
countries, use a normative approach comparing the calculated financial ratios with
its normative value (Liodorova et al. 2019). The legislative acts establish 10 obligatory
ratios that are used in forensic examination to detect bankruptcy fraud in the Russian
Federation, the Republic of Belarus and Ukraine. Only two common ratios ñ solvency
and liquidity ratios ñ are identified in all countriesí laws, which areused for the detection
of bankruptcy fraud in Latvia. The obligatory of profitability are used only in Latvia
and Ukraine; the ratios of companyís activity ñ and in Belarus. The liquidity ratios are
used in Latvia, Russia and Ukraine.

Table 3 presents the identified financial ratios to detect bankruptcy fraud using
forensic methods based on the Romano-Germanic law system and the application of
these ratios to detect economic insolvency.

Table 3
Financial ratios for detecting bankruptcy fraud used by forensic methods

based on the Romano-Germanic law and their application
for insolvency detection

Countries that use it Included in bankruptcy
Type Ratio forecasting models (times)

LV UA RU BY Foreign LV, LT Total

Profitability
NP/E √ 2 ñ

2
S/Cost √ ñ ñ

Solvency
E/TL √ 8 3

19
TL/TA √ √ √ √ 5 3
CA/CL √ √ √ √ 5 2

Liquidity Cash/CL √ √ √ 2 1 13
CA/TL √ 2 1
WC/TL √ √ 1 ñ

Activity WC/CA √ 1 1 3
CL/(S/t) √ ñ ñ

Total 26 11 37

Source: compiled by the authors.

Nine out of ten financial ratios used to detect bankruptcy fraud by forensic accoun-
tants in countries with the Romano-Germanic law system are included 37 times in the
Bankruptcy forecasting models (see Table 3). Such ratios are solvency ñ 2 ratios,
liquidity ñ 3 ratios, activity ñ 3 ratios and profitability ñ 2 ratios. There are not exact
financial ratios for insolvency or bankruptcy fraud detection in the countriesí legislation

3 Judicial decision is based on the common law system that is the legal tradition in the country.
The Romano-Germanic law system is based on principles (legislative acts), the Anglo-Saxon
law system is based on precedents summarizing practical examples.
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based on the Anglo-Saxon law system, such as USA, UK, Australia etc. Instead, there
are the publicly available international standards and guidelines for auditors and
forensic accountants, who inspect the financial statements; the method choice is the
personal issue. There are nine main ratios recommended for detecting fraud in financial
statements (FFS) (Corbett, Clayton 2006). Some of them are used in countries with
the Romano-Germanic law and are included in the insolvency forecasting models (see
Table 4).

Table 4
Financial ratiosofFFS recommended for auditors and their use to detect
bankruptcy fraud and insolvency (bankruptcy) in countries based on the

Anglo-Saxon law

Countries that use it Included in bankruptcy
Type Ratio forecasting models (times)

LV UA RU BY Foreign LV, LT Total

Profitability
NP/S ñ 2

15
S/TA 9 4

Solvency TL/E √ 8 3 11

Liquidity
CA/CL √ √ √ √ 5 2

10
Cash/CL √ √ √ 2 1
Cost/Inv

Activity
in days

2 ñ 4

S/Rec
in days

2 ñ

Total 28 12 40

Source: compiled by the authors.

The SAS 99 (AICPA 2002) recommends considering unusual or unexpected
relationships for fraud detection. Fraud predictors are the changes in inventory, liabi-
lities, sales or cost of sales. Auditorsí task is the evaluation of fraud risk and its like-
lihood, which is mainly related to revenue recognition, inventory quantities and mana-
gement estimates.

According to the International Standard on Auditing (ISA) 570 indication, ìadverse
key financial ratiosî may include the general financial ratios. The main aims of fraud
in financial statements are revenue recognition and misappropriation of assets (Golden
et al. 2006). One of the schemes of financial misstatements is the intent of companyís
value overstating (Frank et al. 2006). It is characterised with direct relationship between
overstatement of assets and understatement of liabilities and expenses, which is used
in scandals related to world corporative bankruptcy.

There are some differences in the use of financial ratios to detect financial fraud
depending on the legal system of countries. However, despite the difference in legis-
lation, all specialists pay special attention to the quick liquidity ratio (see Tables 3
and 4). It means that availability of cash plays an important role in assessing financial
fraud.
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According to international accounting standards for annual reports and legislation,
a cash flow statement is not required for small companies, so it cannot be available in
all investigations. Thereby, the analysis of this statement is not popular in countries
based on the Romano-Germanic law system; however, the study of bank statements
and the identification of cash use are the most important procedures in economic
examination.

The profitability and cash flow are the main solvency indicators of ìgoing concernî
company, according to the ISA 570 (IFAC 2009), adopted only for auditing of financial
statements, which do not contain mistakes and fraud. The negative operating cash
flow and substantial operating losses are separate insolvency (bankruptcy) predictors.
According to the SAS 99 (AICPA 2002), predictors of companyís bankruptcy in
fraudulent financial statements are the anomaly changes in profitability and ability to
generate a cash flow. One of the recommended ratios is the relationship of net income
to operating cash flow. Thus, a cash flow analysis should be used to evaluate bank-
ruptcy fraud.

Only four of the described bankruptcy forecasting models contain ratios that
include cash flow; two models contain ratios of commensurability of profitability
with the availability of cash (see Table 5).

Table 5
Financial ratios of cash availability and their use to predict insolvency

Commensurability of profitability Payment ability
with availability of cash

Ratio Model that contains it Ratio Model that contains it
NP / Operating Fulmer

cash flow
ñ

Poland Credibility
Cash flow / S Kralicek Cash flow / TL  index

S / Cash Chesser
Skiltere/Zuka

MDA
Cash / Profit Zavgren (TL ñ Cash) / Cash flow Kralicek

Total inclusion
7frequency

Source: compiled by the authors.

To predict or detect bankruptcy fraud, the auditors and forensic accountants
should also analyse other indicators: the relationship between a companyís profitability
to industry trends, changes in sales volume to personal statistic, etc. They must
determine all ìred flagsî that are the changes in asset estimates, changes in the earning
trends and incomes, and must examine the cash flow in bank statements and other
non-financial information.

The authors have analysed the ratios included in the three fraud identification
models, which are described in the next Chapter: M. Beneish M-score to identify
manipulations with reported earnings, F-score by P. Dechow and his colleagues (2011)
and Lithuania model (LT) by R. Kanapeckiene and Z. Grundiene (2015) to detect
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fraud in financial statements (FFS). The financial ratios of fraud detection models
that are simultaneously used to detect fraud and bankruptcy were identified (see
Table 6).

Table 6
Financial ratios of fraud identification models and their use to detect FFS,

bankruptcy fraud, and insolvency (bankruptcy)

Fraud detection Used for fraud Included in the

model  detection
 bankruptcy

Type Ratio forecasting models

M- F- LT- Bankruptcy
FFS Foreign

LV,
Total

score score model tey fraud LT

Profitability EBIT/TA √ 8 3 11
Solvency TL/TA √ √ √ 5 3 8
Liquidity Cash/CL √ √ √ 2 1 3

Activity
S/Rec √ √ √ 2 ñ 2

Inv/TA √ √ 1 ñ 1
Total 18 7 25

Source: compiled by the authors.

All types of financial ratios are used in fraud detection models. The Lithuania
model contains three ratios that are used for bankruptcy forecasting, and crosses
both fraud detection models (M-score, F-score). F-score model contains three ratios
used for; M-score ñ two ratios. Three ratios included in models for revealing fraud in
financial are used for fraud detection, including bankruptcy fraud (see Table 6). The
feature of F-score and M-score fraud detection models is the inclusion of the changes
in financial ratios compared with the previous period. Summarising the comparison
results, similarities and differences have been identified. All types of financial ratios
are used for detection of companyís insolvency (bankruptcy) and bankruptcy fraud:
profitability and solvency ratios are more often used to bankruptcy forecasting; liquidity
ratios are more often used to detect fraud. Out of 58 analysed bankruptcy forecasting
ratios, a total of 19 ratios were identified that are used to detect fraud in financial
statements, including bankruptcy fraud. Currently, only 8 ratios are used to detect
bankruptcy fraud in the expert practice (see Figure 2).
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Figure 2
Financial ratios used to detect bankruptcy fraud and insolvency

(bankruptcy)

Source: compiled by the authors.

The authors have conducted a study on the use of more important financial ratios
applied to detect fraud. These ratios are included in insolvency forecasting models to
detect bankruptcy fraud using a pairwise correlation between the fact of bankruptcy
fraud and financial ratios. The analysed ratios were calculated a year before
bankruptcy. In accordance with the importance of identifying anomalous changes in
order to reveal fraud in financial statements, the authors have analysed changes in the
values compared with previous year. The results of the conducted study are presented
in Table 7.

Table 7
Correlation between financial indicators

and fact of bankruptcy fraud or its absence

Financial ratios
Correlation NP S EBIT E TL CA WC Inv S

S TA TA TL TA CL CA TA Rec

Fact of bankruptcy
fraud and ratio -0.32 -0.24 -0.40 -0.19 0.40 -0.27 -0.29 -0.16 -0.17
(t-1 year)
Fact of bankruptcy
fraud and change 0.22 0.02 0.16 0.19 0.37 0.16 0.23 0.27 -0.18
of ratio
(t-1 ñ  t-2 year)

Source: compiled by the authors.
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The correlation above 0.1 has been found for nine financial ratios reviewed in the
study, which confirms the results of other studies (see Appendix 1): capital turnover,
financial leverage, asset composition, sale to receivables, etc. However, such a
correlation does not allow using only certain financial ratios to detect bankruptcy
fraud as forensic evidence.

Application of models for revealing fraud in financial statements
to detect bankruptcy fraud: a case of Latvia

The methods of fraud detection based on ìred flagsî or financial ratios without
the use of specified norms are related to subjective evaluation. In order to identify
abnormal changes, the analysis must be carried out over time. According to such
flaws, economic theory uses  the statistic-mathematical methods.

One of the founders of the statistic-mathematical method for detecting fraud in
financial statements was M. Beneish (1999), who developed the integral manipulation
index M-score. There are two various M-score models that contain 5 and 8 variables
(ratios). The commonly used model is the M-score with 8 ratios, the critical threshold
of which is > -2.22 (Nguyen H. A., Nguyen H. L. 2016). According to M. Alekseevís
(М. Алексеев) and M. Tiuzhinaís (М. Тюжина) (2017) calculation, M-score for Russian
companies was in the interval of -58.29 to 234.95. M-score formula is (1) (Nguyen
H. A., Nguyen H. L. 2016):

(1)

The alternative method for fraud detection in financial statements is the F-score
developed by P. Dechow and his colleagues (2011). There are three various F-score
models, which contain 7 variables that are available from financial data; 9 variables
that are used in non-financial indicators (change in employees, etc.); 11 variables,
including the market-related indicators.

The F-score model with 7 financial variables is described in the present study. The
F-score predicts the probability of fraud in the interval of 0ñ1. The authors of the
model use the unconditional probability valued at 0.0037, based on their data (Dechow
et al. 2011).

There are some obscurities in the variable determination in F-score model
description. For example, there is the specific calculation of working capital for F-
score model (Dechow et al. 2011); there is the difference between the calculation of
accruals in the study by M. Alekseev and M. Tiuzhina (2017) and F-score by P. Dechow
and his colleagues (2011).

F-score formula is (2) (Dechow et al. 2011):

(2)

Calculation of variables used in the present research is shown in Table 8.
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Table8
Description of variables in M-score and F-score models

Source: compiled by the authors based on Nguyen H. A., Nguyen H. L. 2016; Dechow et al.
2011.

The logistic regression model of fraud detection in financial statements, which
was developed in Lithuania, is easier for calculation (Kanapeckiene, Grundiene 2015).
More accurate model out of the three developed models contains four variables (ratios).
The probability of fraud is in the interval of 0ñ1. The formula of the Lithuania fraud
detection model is (3):

(3)

The test of the feasibility of using fraud identification models to detect bankruptcy
fraud in Latvia was conducted based on the financial statements of Latvia small and
medium-sized companies. 54 of them went bankrupt due to recognized fraud and 60
companies free from fraud. The use of fraud models was verified on the basis of data
one and two years prior to the bankruptcy.

The results of M-score application were obtained only for 34 companies for a
year before bankruptcy (10 ñ two years before bankruptcy). It was not possible to
obtain any results of M-score in other cases. This was due to the fact that reports did
not contain deprecation information; sales were not recorded in some statements.
Fraud was disclosed in 5 (6) financial statements of fraudulent bankrupts. On other
hand, fraud was disclosed in 17 (1) reports of companies without recognized fraud.
The range of M-score results was from -5.67 to 11.9 in cases of bankruptcy with
fraud, from -9.76 to 43.9 in cases without revealed fraud. Thus, the M-score is not
applicable to Latvia small and medium-sized companies or should be revised taken
into account local conditions and legislation.

F-score showed a high probability of financial fraud in almost all statements
including companies that are healthy from fraud. Results of F-score could not be
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accepted because F-score using unconditional probability was approximately 270
compared with a standard value of 2.45.

Fragment of the test results of the application of Lithuania model in Latvia are
presented in Table 9 on the basis of data one year prior to the bankruptcy, In Table 9,
the disclosed fraud is designated as ìFî, the absence of fraud ñ ìNFî, unused statements
for counting ñ ìno dataî, the company that went bankrupt due to recognized fraud is
designated as ìFraudî, the companies without revealed fraud ñ ìNon-fraudî, the
company number is designated as ìNî (see Table 9).

Table 9
Fragment of the test results of the application of

the Lithuania model in Latvia

Fraud Non- Fraud Non- Fraud Non-

N score, N
fraud

N score, N
fraud

N score, N
fraud

result
score,

result
score,

result
 score,

result result result

1 87%, F 1 43 %, NF 24 12%, NF 24 40%, NF 52 38%, NF 52 100%, F
2 11%, NF 2 100%, F 25 4%, NF 25 100%, F 53 3%, NF 53 80%, F
3 2%, NF 3 87 %, F 26 84%, F 26 7%, NF 54 1%, NF 54 5%, NF
4 48%, NF 4 23%,NF 27 100%, F 27 3%, NF ñ ñ 55 no data
5 41%, NF 5 no data 28 39%, NF 28 25%, NF ñ ñ 56 12%, NF
6 96%, F 6 14%, NF 29 19%, NF 29 8%, NF ñ ñ 57 68%, F
7 37%, NF 7 24%, NF 30 65%, F 30 18%, NF ñ ñ 58 12%, NF
8 69%, F 8 47%, NF 31 100%, F 31 12%, NF ñ ñ 59 100%, F
9 87%, F 9 100%, F 32 99%, F 32 48%, NF ñ ñ 60 43%, NF
20 no data 20 20%, NF 48 99%, F 48 20%, NF F 30 20
21 100%, F 21 11%, NF 49 97%, F 49 98%, F NF 22 37

22 no data 22 5%, NF 50 13%, NF 50 67%, F
no

2 3data

23 8%, NF 23 22%, NF 51 96%, F 51 100%, F Total 54 60

Source: compiled by the authors.

Results of the Lithuania fraud detection model were obtained for 109 companies
for a year before bankruptcy (110 ñ two years before bankruptcy) from the financial
statements of 114 companies. The probability of fraud above 50% was disclosed in
30 (28) financial statements of fraudulent bankrupts; fraud was disclosed in 20 (24)
reports of companies without recognized fraud (see Table 9). Thus, the overall accuracy
of the Lithuania model using the two-error method was estimated at 61.5% (55.5%),
where the type I error was 35.1% (42.1%) and the type II error was 42.3% (75.8%).
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Conclusions

Literature review about the use of financial ratios to identify bankruptcy fraud in
financial statements has distinguished three major problems: the differences in appro-
aches to detecting bankruptcy fraud due to the peculiarities of traditional legal systems
(based on the Romano-Germanic and Anglo-Saxon law systems); the insufficient basis
for monitoring of fraud cases; the large number of indicators are regulated by legislative
acts and guidelines.

The use of all types of financial analysis in the both law systems was established
in this study: profitability, solvency, liquidity and activity.

The authors found that 19 common financial ratios are used for insolvency fore-
casting, detect fraud and bankruptcy fraud, which is 33% of all ratios analysed in the
study. Pair correlation revealed a relationship between the 9 financial ratios and the
fact of fraud a year before bankruptcy; 4 of them have a correlation -0.19ñ0.40 and
are also included in the group of 8 ratios used to detect bankruptcy fraud: E/TL, CA/
CL, WC/CA and TL/TA.

The substantial differences in the use of financial ratios to detect insolvency and
bankruptcy fraud in countries based on the different law systems. The main ratios are
liquidity and solvency ratios, which are used for bankruptcy fraud detection in countries
based on the Romano-Germanic law. The main objects of manipulation in financial
statements are income and earningsin countries based on the Anglo-Saxon law. Coun-
tries based on the Romano-Germanic law do not sufficiently use the ratios of profita-
bility and activity; less attention is devoted to the analysis of cash flow statement
compared with countries based on the Anglo-Saxon law.

The authors recommend updating the Latvia and Lithuania forensic methods for
bankruptcy fraud detecting based on alternative ratios that are used internationally.
For example, the activity ratios used for bankruptcy fraud detection should be reviewed
and supplemented. It is necessary to supplement forensic methods for bankruptcy
fraud detection with the analysis of cash flow, including some acceptable ratios. Con-
sideration should be given to using ratios that capture changes over time, as in Tamari
and Olhson models, or ratios included in the M-score and F-score models.

The authors tested three models for revealing fraud in financial statements based
on the data of 114 Latvia small and medium-sized companies.

F-score and M-score models that are developed in countries based on the Anglo-
Saxon law, are not applicable to Latvia companies or should be revised for local
conditions; F-score has shown high probability of mistakes. The logistic regression
model of fraud detection developed in Lithuania that is country based on the Romano-
Germanic law, was more applicable for calculating the data of Latvia companies.
The assessment of the possibility of manipulation using the Lithuania model was
estimated at 61.5% a year before bankruptcy. The study has demonstrated that the
portability of models developed in one country to another without reassessment of
the coefficients instead of the original ones does not provide satisfactory results for
their practical application in forensic examination.

The present research has also demonstrated that there are not only financial
predictors of bankruptcy fraud. The results of the study have revealed a gap in the use
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of non-financial indicators of bankruptcy fraud detection. There is no cross-sectional
approach between the indicators used in insolvency forecasting models and non-
financial indicators of bankruptcy fraud. Therefore, a set of financial and non-financial
indicators have to be used, applying the cross-approach to their relationship detection
and valuation of influence. The areas of further research include a thorough study of
the application of fraud detection models to oneís own region and determination of
the non-financial indicators of bankruptcy fraud.
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Appendix 1

Reviewed insolvency (bankruptcy) prediction models

Model Year Type of model Model Year Type of model
Foreign models Kralicek 1993 scoring index

Tamari 1966 scoring index Irkutsk 1998 MDA
Altman

1968 MDA Savicka 2001 scoring index2-factors
Altman-Z 1968 MDA Savicka 2001 MDA
Liss 1972 MDA Slovak IN05 2005 MDA

Chesser 1974 logit/probit
Poland Cre-

2005 MDAdibility index
Argenti 1976 scoring index Depalan no data scoring index
Tafflet / Tishaw 1977 MDA Latvian and Lithuanian models

Springate 1978 MDA Sorin / Voronova, LV 1998 MDA
Olhson 1980 logit/probit Grigaravicius, LT 2003 logit/probit
Altman-Zí 1983 MDA Stoskus, LT 2007 ñ
Zavgren 1983 logit/probit Muceniece / Lace, LV 2010 MDA
Zmijewski 1984 logit/probit Skiltere / Zuka, LV 2010 scoring index
Fulmer 1984 MDA Skiltere / Zuka, LV 2010 MDA
Altman-Zí 1993 MDA Genriha / Pettere, LV 2010 logit/probit

Source: compiled by the authors.

Appendix 2

The abbreviations of the used items in the financial statements

Source Item Abbreviation Item Abbreviation
1 2 3 4 5

Total assets TL Average total assets TA

Fixed assets FA Current assets CL
Plant, property
& equipment

PPE Equity E

Total liabilities TL Current liabilities CL
Funds borrowed

Balance
in current liabilities

Debt in CL Inventory Inv

sheet
Short-term
investments

StInvest Long-term liabilities LtL

Receivables Rec Cash Cash
Working capital = Current payables of
Current assets ñ WC long-term debts and CP
Current liabilities Income tax payable
Soft assets = TA ñ

SoftPPE ñ Cash

Sequel to Table 2 see on p. 29
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1 2 3 4 5
Sales S Cost Cost

Net profit NP
Earnings before

EBITinterest and taxes
Profit or loss SGACost = Sales

Average monthlystatement cost + General
sales = Sales / Audi-expense + Admini-

SGACost
ted period (months)

S/t

strative expense
Interest expenses %

Other
Amortisation Amort Period t
Changes ∆

Source: compiled by the authors.

Sequel to Table 2


