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Abstract: This paper presents a data mining approach for Audit opinion pre-
diction in Government-owned enterprises within the Federation of Bosnia and 
Herzegovina using the Decision tree algorithm. A database was constructed 
from financial statements covering 2004-2019, incorporating indicators from 
balance sheets, income statements, and cash flow statements, alongside cor-
responding Audit opinions from the state audit body. The study evaluates three 
Decision tree algorithms (J48, RandomTree, REPTree) on data from 2020-2023, 
with REPTree achieving 73% classification accuracy through seven predictive 
rules. The findings demonstrate the potential of data mining techniques for 
pattern recognition in audit reports, contributing to transparency in financial 
reporting and supporting regulatory authorities in detecting irregularities 
within Government-owned enterprises.
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1.	 INTRODUCTION

Data mining enables the development of predictive models for assessing the accuracy of finan-
cial statements of government-owned enterprises. These predictive models represent forensic 

accounting tools that require continuous refinement and development, allowing state audit offices, 
financial data processing agencies, statistical bodies, tax authorities, banks, and ultimately the 
public to use them to assess the accuracy of financial statements. The development of these models 
is grounded in key financial indicators extracted from financial reports, which serve as input data, 
and the types of audit opinions provided on the respective financial statements, which constitute 
the output data. In this context, this study seeks to evaluate previously developed models for 
detecting audit opinions and inaccurate financial statements, using the most recent audited reports 
of publicly owned enterprises in the Federation of Bosnia and Herzegovina. 

Figure 1. From Public Resources to Audit and Disclosure in Government-Owned Enterprises
Source: Own research
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The quality of state audit is of considerable importance for the oversight of the operations of gov-
ernment-owned enterprises. It is precisely this linkage between the published financial statements 
of government-owned enterprises and the auditors’ opinions on those financial statements that 
provides a substantial amount of data to which data mining techniques can be applied (Figure 1).

The paper is presented in three parts. First, it provides an overview of earlier research; then, the 
research methodology is explained in detail; and finally, the research results and a discussion of 
the findings are given.

2.	 LITERATURE REVIEW

The application of data mining in the development of forensic accounting tools to assist in predict-
ing auditors’ opinions on financial statements has been explored by a large number of researchers 
(Pasiouras et al., 2007; Kirkos et al., 2007; Sánchez-Serrano et al., 2020). However, the development of 
the database used to train machine learning models is specific to each study, each country, and each 
type of enterprise for which the data are employed. Therefore, it is necessary to consider previous 
research that is exclusively related to Bosnia and Herzegovina. Gadžo et al. (2022) demonstrated 
that the data required from financial statements for developing models to detect inaccurate financial 
reporting can be based on the inputs used in the calculation of the Beneish M-Score model, which 
comprises eight partial indicators derived from key items in the balance sheet, income statement, 
and cash flow statement. In a continuation of this research, Gadžo et al. (2025) developed predic-
tive models for detecting inaccurate financial statements of public enterprises in the Federation of 
Bosnia and Herzegovina (FBiH), based on corresponding audit reports issued by the Audit Office 
of Institutions in FBiH. This study developed four classification algorithms (J48, KNN, MLP, and 
BayesNet) to identify inaccurate financial reports. At that time, using the available dataset, the 
MLP algorithm yielded a prediction accuracy of 76%. No other authors had developed data mining 
models for predicting inaccurate financial statements specifically for Bosnia and Herzegovina’s 
public enterprises. However, other forensic accounting tools have been tested for efficacy, such 
as the application of Benford’s Law to detect fraudulent financial reporting (Isaković-Kaplan et 
al., 2021; Demirović & Proho, 2021), the use of the classical form of the Beneish M-Score model, 
which was not adapted to Bosnia-Herzegovina enterprises (Halilbegović et al., 2020), and more 
general research on the development and application of forensic accounting in Bosnia and Herze-
govina (Pirnar & Grivec, 2025; Dupovac et al., 2025; Veledar et al., 2022, et al.). Furthermore, a 
significant portion of research addresses the identification of resource inefficiencies in the public 
sector of Bosnia and Herzegovina (Gadžo et al., 2024; Soko & Zorič, 2018) and the application of 
the DEA model for ranking public institutions (Bajrić et al., 2019).

It can be concluded that scientific research on the development of advanced models for predicting 
inaccurate financial statements or financial statement fraud in Bosnia and Herzegovina remains very 
limited. Therefore, this study contributes to the advancement of theory and practice in the detection of 
inaccurate financial reporting within the public sector of the Federation of Bosnia and Herzegovina.

3.	 METHODOLOGY

For the purpose of classifying audit reports, it was necessary to create a comprehensive database 
containing relevant attributes and parameters reflecting the key financial indicators of Govern-
ment-Owned Enterprises (GOEs) in the Federation of Bosnia and Herzegovina (FBiH). This 
database was designed based on data collected from the financial statements of public enterprises 
and their corresponding audit reports, prepared by the Audit Office of the Institutions of FBiH.
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The primary framework for building the database was grounded in the previous study entitled “Data 
Mining Approach in Detecting Inaccurate Financial Statements in Government-Owned Enterprises”, 
covering a period of 16 years (2004-2019). A total of 200 financial statements, together with their corre-
sponding audit reports, were collected and analyzed, as they were available at the time the research was 
conducted. The resulting models were subsequently tested on data gathered over four years (2020-2023).

3.1.	 Data Description

For each audit report, key indicators were included, such as: opening and closing balances of trade 
receivables (attribute codes: A3, A1); revenues from sales for the current and previous reporting peri-
ods (A4, A2); operating expenses for the current and previous reporting periods (A6, A5); opening 
and closing balances of current assets (A11, A7); opening and closing balances of property, plant and 
equipment (A12, A8); opening and closing balances of short-term financial investments (A13, A9); 
opening and closing balances of business assets (A14, A10); opening and closing balances of depreci-
ation (A15, A16); administrative expenses for the current and previous reporting periods (A17, A18); 
opening and closing balances of short-term liabilities (A21, A19); opening and closing balances of 
long-term liabilities (A22, A20); operating profit/loss for the current and previous period (A23); and 
net cash flow from operating activities for the current accounting period (A24). Of the total number 
of indicators, 16 relate to the statement of financial position, 7 relate to the income statement, and 1 
relates to the cash flow statement. These indicators were selected due to their frequent inclusion in 
auditors’ observations in cases where modified opinions were issued. The irregularities particularly 
referred to non-compliance with standards such as IFRS 9, IFRS 15, IAS 2, IAS 16, IAS 36, IAS 37, 
and IAS 38, as well as issues related to cash flow statements and business performance disclosures.

The database contains 24 indicators for 200 financial statements. These indicators represent the 
variables used to train machine learning models with the aim of predicting audit opinions. The 
audit opinions were categorised into four groups. In addition to the unmodified (clean) audit 
opinion on financial statements, in accordance with International Standard on Auditing (ISA) 705 
(paragraph 2), there are three types of modified audit opinions: Qualified opinion, Adverse opin-
ion, and Disclaimer of opinion. The decision as to which type of modified opinion is appropriate 
depends on the nature of the issue leading to the modification-specifically, whether the financial 
statements are materially misstated or, in cases where sufficient appropriate audit evidence cannot 
be obtained, whether such misstatements could exist. 

3.2.	 Proposed Model

A classification model was utilized to predict audit opinions based on accounting data extracted 
from the financial statements of public enterprises in the Federation of Bosnia and Herzegovina 
(FBiH), along with their corresponding audit reports. Classification represents a widely used 
technique in the analysis of large data sets. It is applied to predict the class or category of a known 
object based on previously learned classes from a training data set. In this study, various decision 
tree algorithms were employed, including J48, RandomTree, and REPTree. The selection of decision 
tree algorithms was motivated by their ability to generate clear and practically applicable decision 
tree graphics and associated rules, which can be effectively used on real-world data.

3.3.	 Preparation

Data mining algorithms were employed to analyze and extract useful insights from the dataset, and 
were implemented using the open-source software package WEKA. Originally, the dataset included 
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four distinct audit opinion categories (qualified, unqualified, adverse, and disclaimer of opinion), 
which were, for analytical purposes, consolidated into two categories: Negative (No) and Positive 
(Yes). Category NO represents adverse opinions and disclaimers of opinion. Category YES represents 
unqualified opinions and qualified opinions. Table 1 presents the structure of dataset classification.

Table 1. Two classes, based on the output variable “audit opinion”
Class Assessment Sample number Percentage

1 No 73 36.50%
2 Yes 127 63.50%

SUM 200 100,00%
Source: Own research

Table 2. Represents the structure of the database in the software where machine learning was 
applied to the given dataset.

Table 2. Actual DATASET

Source: Own research

4.	 RESULTS AND ANALYSIS

The results presented in Table 3 facilitate a comparison of the performance of three decision tree 
algorithms, J48, RandomTree, and REPTree, employed for the classification of audit opinions on the 
financial statements of government-owned enterprises in the Federation of Bosnia and Herzegovina. 
Based on the evaluation criteria, it can be concluded that REPTree achieved the highest number of 
correctly classified financial statements (146) and the greatest prediction accuracy (73%), making it 
the most precise among the compared algorithms. J48 follows with an accuracy of 71%, while Ran-
domTree exhibits the lowest accuracy at 69.5%. The Kappa statistic, which measures the agreement 
between the actual and predicted classifications excluding chance, further supports this finding. 
REPTree again demonstrates the strongest performance with a Kappa value of 0.3738, indicating the 
most reliable classifications, whereas J48 has the weakest result at 0.3316. Although REPTree exhibits 
a slightly higher mean absolute error (MAE) compared to J48 (0.3413 versus 0.3163), it attains the 
lowest root mean squared error (RMSE) of 0.4655, suggesting better model stability. Additionally, 
REPTree shows the lowest relative errors (RAE and RRSE), which further confirms its superiority.

The results presented in Table 4 illustrate the performance of the tested models on new financial 
data (new financial statements of government-owned enterprises in the Federation of Bosnia and 
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Herzegovina) for the period from 2020 to 2023. The models were evaluated separately for two 
subperiods: 2020-2021 and 2022-2023. This division was necessitated by changes in the finan-
cial reporting formats in the Federation of Bosnia and Herzegovina implemented in 2022. These 
changes involved reclassification of certain balance sheet items and enhanced balance control 
conducted by the Financial Informatics Agency of the FBiH, which is responsible for collecting 
electronic financial statement forms.

Table 3. The performances obtained by the Decision tree algorithms

EVALUATION CRITERIA
CLASSIFIERS

J48 RandomTree REPTree
Timing to build model (in Sec) 0.01 0 0
Correctly classified instances 142 139 146
Incorrectly classified instances 58 61 54
Prediction accuracy 71 69.5 73
Kappa statistic 0.3316 0.3439 0.3738
F-Measure 0.6960 0.6950 0.7150
Mean absolute error (MAE) 0.3163 0.3050 0.3413
Root mean squared error (RMSE) 0.5021 0.5523 0.4655
Relative absolute error (RAE) 68.16% 65.72% 73.53%
Root relative squared error (RRSE) 104.29% 114.70% 96.67%

Source: Own research

It is notable that all three classifiers, J48, RandomTree, and REPTree, demonstrate a significant 
improvement in prediction accuracy in the later period (2022-2023) compared to the earlier one 
(2020-2021). J48 exhibits the most pronounced increase, from 47.5% to 86.2%, while REPTree 
consistently achieves high accuracy levels of 62.5% and 79.3%, respectively. The accuracy of the 
RandomTree algorithm remains moderate, showing some fluctuations between the two periods.

The Kappa statistic further corroborates these findings, as positive values in the 2022-2023 period 
indicate a moderate to substantial agreement between predicted and actual classifications, espe-
cially for J48 (0.5207) and REPTree (0.3872). Conversely, the negative Kappa value for J48 in the 
2020-2021 period (–0.2139) suggests that classification performance during that earlier phase 
was poorer than or equivalent to random guessing. Similarly, the F-Measure values follow these 
trends, with significantly higher results in 2022–2023 across all classifiers, reflecting an improved 
balance between precision and recall. Overall, these results suggest that the predictive power of 
the models has improved over time, potentially due to better data quality, changes in financial 
reporting patterns, or model adjustments. In particular, REPTree and J48 show promising potential 
for practical application in classifying audit opinions based on current financial data.

Table 4. Results of model testing on new data for the period 2020–2023

EVALUATION CRITERIA
CLASSIFIERS

J48 RandomTree REPTree
2020-21 2022-23 2020-21 2022-23 2020-21 2022-23

Correctly classified instances 19 25 23 16 25 23
Incorrectly classified instances 21 4 17 13 15 6
Prediction accuracy 47.5 86.2 57.5 55.2 62.5 79.3
Kappa statistic -0.2139 0.5207 0.1099 0.0308 0.1329 0.3872
F-Measure 0.4580 0.8620 0.5830 0.6210 0.6130 0.8190

Source: Own research
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Figure 2. Obtained J48 - Decision tree mode
Source: Own research

Figure 2 illustrates the obtained J48 decision tree model developed for classifying audit opinions 
based on financial indicators of government-owned enterprises in the Federation of Bosnia and 
Herzegovina. Each node in the tree represents a test on a specific attribute (financial indicator), 
with branches indicating possible outcomes of the test. Following these decision rules, the model 
predicts whether the financial statements will receive an unmodified or a modified audit opinion.

The J48 algorithm was selected due to its ability to generate clear and interpretable decision rules, 
which is particularly important in the context of audit reports where understanding the rationale 
behind classifications is essential. The depth of the tree and the number of leaves reflect the com-
plexity of the model, while the derived rules help identify key factors influencing the audit opinion.

This decision tree model can be easily applied in practice due to its simple and transparent struc-
ture. The clear rules derived from the tree enable auditors and managers to quickly understand 
the key factors influencing the classification of financial statements, thereby facilitating informed 
decision-making. Furthermore, the intuitive nature of this approach allows its use by individuals 
without deep technical knowledge of machine learning, increasing its practical applicability in 
everyday auditing and financial processes.

Figure 3. Obtained RandomTree - Decision tree model
Source: Own research
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Figure 3 illustrates the RandomTree decision tree model obtained from the analysis. This model is 
characterized by a more complex tree structure compared to simpler decision trees, as it constructs 
multiple randomized splits to improve classification performance. The randomness introduced in 
the tree-building process helps in reducing overfitting and increasing the model’s robustness when 
dealing with diverse financial data. However, the increased complexity can make interpretation 
less straightforward, which might limit its immediate practical use compared to simpler models 
like J48. Nonetheless, RandomTree can offer valuable insights in situations where higher model 
variability and generalization are required.

Table 5 presents a comparative overview of the complexity and structure of the three decision 
tree classifiers: J48, RandomTree, and REPTree. The size of the tree, which corresponds to the 
total number of nodes, is largest for RandomTree (73), indicating a more complex model with 
many decision points, while REPTree is the simplest with only 13 nodes. Similarly, RandomTree 
has the greatest depth (11), suggesting a deeper hierarchy of decisions, whereas REPTree’s depth 
is the shallowest (6), implying a more concise model. The number of leaves, representing final 
decision outcomes, follows the same trend, with RandomTree having the highest count (37), J48 
moderate (17), and REPTree the lowest (7). These metrics highlight a trade-off between model 
complexity and interpretability, where simpler trees like REPTree may be more practical for real-
world applications due to their ease of understanding, while more complex trees like RandomTree 
might capture subtler patterns at the cost of reduced transparency.

Table 5. Measure the complexity and structure of a Decision Tree

EVALUATION CRITERIA CLASSIFIERS
J48 RandomTree REPTree

Size of the tree 33 73 13
Tree Depth 10 11 6
Number of Leaves 17 37 7

Source: Own research

Figure 4 illustrates the REPTree decision tree model obtained from the analysis. This model is 
characterized by its relatively simple and shallow structure compared to the other decision trees 
examined. The REPTree efficiently summarizes the decision rules with fewer nodes and leaves, 
which enhances its interpretability and practical usability.

Figure 4. Obtained REPTree - Decision tree model
Source: Own research
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Table 6 shows the decision rule obtained by the REPTree model. The rule is based on the values 
of financial indicators (denoted as A23, A20, A1, A21, A17) and leads to the classification of the 
decision as ‘YES’ (unqualified/positive or qualified opinion) or ‘NO’ (adverse opinion or dis-
claimer of opinion).

Table 6. Decision rule for the obtained Decision tree model

Conditions (IF) Results 
(THEN)

1 A23 >= 2698362.5;

'YES'

2 A23 < 2698362.5; A20 < 19734;

3 A23 < 2698362.5; A20 >= 19734; A1 < 36357183.5; A23 < 258457.5; A21 < 3751808.5; 
A17 >= 3529981;

4 A23 < 2698362.5; A20 >= 19734; A1 < 36357183.5; 
A23 >= 258457.5; 

5 A23 < 2698362.5; A20 >= 19734; A1 >= 36357183.5

6 A23 < 2698362.5; A20 >= 19734; A1 < 36357183.5; A23 < 258457.5; A21 < 3751808.5; 
A17 < 3529981; 'NO'

7 A23 < 2698362.5; A20 >= 19734; A1 < 36357183.5; A23 < 258457.5; A21 >= 3751808.5; 
Source: Own research

The model (see Figure 4 and Table 6) is characterized by clarity and comprehensibility, making 
it suitable for practical application in predicting audit opinions based on data obtainable from 
financial statements. Its applicability can provide valuable insights to all relevant stakeholders 
interested in the performance of government-owned enterprises.

5.	 CONCLUSION

REPTree stood out as the most precise and reliable model in detecting inaccurate financial state-
ments of government-owned enterprises, with notable improvements in the period after 2022. This 
makes it suitable for practical application in predicting audit opinions based on current financial 
data from balance sheets, income statements, and cash flow statements. The J48 algorithm also 
demonstrates significant potential for prediction, while RandomTree offers somewhat lower inter-
pretability. The model can serve as a tool for early detection of issues with inaccurate financial 
reporting in government-owned enterprises, before auditors formally signal a risk to going concern. 
Additionally, founders of government-owned enterprises can use the model to assess the quality 
of financial statements. Ministries of Finance or governing bodies can use the model as an addi-
tional filter in supervising and allocating funds to government-owned enterprises. Banks can use 
the model as an extra quality control for financial statements of government-owned enterprises 
before processing their loan applications. Although the scope of application is broad, it may be 
most significant for commercial audit firms and state audit offices in BiH. These models can be a 
useful tool for public auditors in preparing the annual audit plan, since, due to limited resources, 
state auditors’ sample only a few dozen government-owned enterprises for annual audits. These 
models can serve as red flags for both state and commercial auditors, given that in years when 
a government-owned enterprise is not covered by the state audit plan, commercial audit firms 
must be engaged. Accurate prediction of inaccurate financial statements can indicate irregulari-
ties, embezzlement, or data manipulation. Therefore, the recommendation for future research in 
this field is to explore the application of mathematical models for detecting inaccurate financial 
statements to facilitate their practical use.
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