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EXTENDED ABSTRACT

Introduction

In recent decades, executives and law enforcement organizations around the
world have focused heavily on the subject of misleading financial reporting. With
the advancement of technology and high-speed communication networks,
nowadays the methods of committing fraud are very complex; committing it is
easier, and detecting it has become more difficult, particularly since fraud is
usually hidden and fraudsters act smartly and quickly. For this reason, its
diagnosis is a complex but important task.

Thus far, many models have been put forward to help find fraud. These models
can be roughly put into three groups: statistical models, innovative models, and
models based on artificial intelligence. Studies have shown that the use of
statistical models, due to their reliance on limiting assumptions such as normal
distribution and a high classification error rate, and meta-heuristic models, due
to their being stuck in local optimal points and premature convergence, have
decreased and led to the acceptance of artificial intelligence models because
these techniques are frequently non-parametric and require little initialization.
Because of this, artificial intelligence techniques are becoming more prevalent in
fraud detection methods. Hence, given the importance of fraud prediction in
financial statements, metaheuristic methods were employed in this study to
provide users with appropriate financial ratios for the prediction of fraud in
financial statements.

Methodology

This research is descriptive-correlational because it seeks to describe the
conditions or phenomena under investigation. In terms of the implementation
process, it is quantitative and in terms of time position, it is retrospective (post-
event). To collect the required theoretical and background information, it was
conducted by studying the research carried out at the national and international
levels including books and articles, using the library method and scanning. Excel
software was utilized for their calculations to obtain the necessary data of the
variables from the financial statements and reports of independent auditors and
legal inspectors published by the Tehran Stock Exchange Organization and
Rahvard Navin software package. Meta-innovative and data mining techniques
were utilized to evaluate the information and test the research hypotheses, and
for this, MATLAB and Datalab tools were used.

Because there is no organization or institution in Iran to identify companies that
commit fraud and information about these companies is not available to the
public, the condition other clauses of the audit reports of the companies that had
a modified opinion (rejected opinion, no opinion, and conditional opinion) were
consequently thoroughly examined in light of the examples of fraud previously
mentioned. In a sample of 1440 companies (180 companies for 8 years), 532
were suspected of financial statement fraud, while 908 were found to be non-
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fraudulent. Companies suspected of fraud are represented by the number one,
while non-fraudulent companies are represented by the number zero.

Results and Discussion

The supervised methods used in this study included support vector machines, K-
nearest neighbors, simple Bayesian models, neural networks, decision trees,
logistic regression, random forests, and group classification using 96 financial
ratios extracted from financial statements. The likelihood of fraud was predicted
using sample companies. The genetic algorithm was used as a metaheuristic
method of nature-inspired evolutionary algorithms to select a subset of features
(i.e., financial ratios). The results were saved as MATLAB tables.

Learning techniques were first taught to examine and measure the ratios
extracted from the proposed algorithms. To determine the training percentage of
the models, 70% of the data (1008 data, of which 376 were suspected fraud
companies and 632 were non-fraudulent companies) were provided as training
data in the MATLAB software. Lastly, 30% of the remaining data (including 432
companies data: 156 data of companies suspected of fraud, and 276 data of non-
fraudulent companies) were used as test data in the software to evaluate the
algorithms and the expected amount of fraud in financial statements that should
be investigated and evaluated.

Tables 1 and 2 show the average values of the evaluation criteria for the proposed
methods.

Table 1. Brief results of performance evaluating the proposed method
without feature reduction.

Description Accuracy | Precision Recall | F-measure ROC TP+TN
Bagging 72.45 % 61.21% 64.74% 62.93% 73.50% 313
Support vector 69.44% 56.90% 63.46% 60% 71% 300

machine

k nearest neighbor | 66.20% 52.72% 62.18% 57.06% 67% 286
Bayesian network | 65.51% 51.98% 58.97% 55.26% 68% 283
neural network 54.39% 38.79% 45.51% 41.88% 60.70% 235
decision tree 54.16% 37.34% 39.74% 38.50% 62.60% 234
logistic regression | 47.91% 30.93% 35.89% 33.22% 58% 207
Random forest 41.89% 25.38% 31.41% 31.60% 59.30% 181

Table 2. The results of performance evaluation, confusion matrix, and ROC of
proposed methods with financial ratios extracted from the GA algorithm.

Description Accuracy | Precision | Recall | F-measure | ROC | TP+TN
Bagging 80.13 % 76.41% | 65.10% | 70.30% 78.3 % 350
Support vector 76.47 % 69.34% | 62.48% | 65.72% 74.7 % 335
machine
k nearest neighbor 74.72 % 65.51% | 63.42% 65.40 % 67.6 % 328
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Bayesian network 73.25% 62.98% | 62.90 % 62.73 % 725 % 320
neural network 72.20 % 61.54% | 60.01 % 60.74 % 65.1 % 270
decision tree 72.19 % 60.04% | 61.31% 60.65 % 65.3 % 269
logistic regression 72.51 % 60.47% | 61.89 % 61.14 % 62.6 % 252
Random forest 72.22 % 59.96 % | 61.92% 60.90 % 61.4 % 230

Conclusions

Given that many of their users, including shareholders, creditors, and investors
rely on financial statements to make decisions, the presence of fraud in these
cases not only results in high expenses, risk, and errors in their decisions, but
also has serious non-financial effects particularly the erosion of the credibility of
the accounting profession. On the other hand, as information technology has
developed, fraudsters' methods have become faster and more complex, and the
independent factors in the accuracy of financial statement fraud predictions are
unclear. Compared to discrete and non-linear data, continuous and linear data
are more predictive using statistical methods. The likelihood of accurately
predicting fraud is decreased with these methods. The development of fraud
detection techniques in financial statements is crucial for this reason. Genetic
Algorithm methods were used in this study to extract appropriate financial ratios
for fraud prediction in financial statements. A comparison of the supervised
classification methods was carried out to determine which method performed
best, including support vector machines, K-nearest neighbors, Bayesian
networks, neural networks, decision trees, logistic regression, random forests,
and group classification. Additionally, financial ratios are better able than other
techniques to foresee the possibility of fraud in financial statements. According
to the obtained results, the Bagging classification method performed better than
other supervised classification methods for all performance evaluation criteria.
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