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The present study aimed to evaluate the efficiency of accounting indicators in selecting an

optimal stock portfolio and to develop a hybrid Support Vector Machine (SVM) and Data

Envelopment Analysis (DEA) framework for improving investment decision-making in Iran’s capital market. This applied
guantitative study was conducted using data from firms listed on the Tehran Stock Exchange during the period 2009-2022.
The sample was selected through systematic elimination criteria. In the first stage, accounting variables extracted from
corporate financial statements were screened using the Support Vector Machine algorithm to identify and rank the most
influential indicators affecting stock returns. In the second stage, the selected accounting indicators together with risk
variables were incorporated into an output-oriented BCC Data Envelopment Analysis model with variable returns to scale to
evaluate the relative efficiency of firms. Finally, an optimal stock portfolio was constructed based on efficiency scores and its
performance was assessed. The results revealed that the price-to-book ratio (P/B) was the most influential accounting
indicator with a weight of 0.639, followed by sales growth (0.569) and earnings growth (0.541). The SVM model demonstrated
satisfactory classification performance in distinguishing efficient from inefficient firms (AUC = 0.81). DEA results indicated
that approximately 23% of firms were located on the efficiency frontier, whereas 77% were classified as inefficient. Efficiency
gap analysis showed that most inefficiencies were associated with weaknesses in liquidity indicators and capital productivity.
Furthermore, market-based indicators, particularly P/B and E/P ratios, played the most significant role in determining firm
efficiency and stock selection. The findings suggest that the hybrid SVM-DEA model outperforms traditional approaches in
screening relevant accounting variables, identifying efficient firms, and constructing optimal stock portfolios. Integrating
machine learning techniques with efficiency evaluation models can enhance investment decision accuracy and improve
portfolio performance in the Iranian capital market.
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Extended Abstract

Introduction

Portfolio selection remains one of the most important challenges in financial management and investment decision-
making. Investors continuously seek to maximize returns while minimizing exposure to risk, making the identification of
efficient investment opportunities a fundamental objective in capital markets. Since the introduction of modern portfolio
theory, researchers have developed numerous approaches to improve portfolio construction by incorporating risk measures,
uncertainty, liquidity considerations, and advanced optimization techniques. Traditional optimization models have provided
valuable theoretical foundations; however, their effectiveness is often constrained by assumptions regarding market
efficiency, normality of returns, and parameter stability, which may not hold in real-world financial environments (Leung et
al., 2022).

Recent developments in financial engineering have emphasized the integration of uncertainty and stochastic behavior into
portfolio optimization frameworks. Financial markets are characterized by dynamic interactions among economic, political,
and behavioral factors, requiring more sophisticated approaches capable of capturing complex relationships among variables.
Studies have demonstrated that stochastic optimization techniques can improve portfolio performance by incorporating both
randomness and uncertainty into investment decisions (Larni-Fooeik et al., 2024; Li & Teo, 2021). Furthermore, liquidity risk
has emerged as an important dimension of portfolio management, particularly in emerging markets where trading constraints
and market frictions may significantly affect investment outcomes (Al Janabi, 2021).

In parallel with advances in optimization theory, artificial intelligence and machine learning techniques have become
increasingly important in financial analysis. Machine learning algorithms can identify nonlinear relationships and hidden
patterns within large datasets, offering substantial advantages over conventional statistical methods. Applications of artificial
intelligence in finance include asset pricing, stock return prediction, risk management, and portfolio optimization (Dunis et
al., 2019). Recent evidence suggests that machine learning-based portfolio models can outperform traditional approaches by
enhancing predictive accuracy and improving risk-adjusted returns (Behera et al., 2023). Similarly, metaheuristic optimization
algorithms have demonstrated effectiveness in solving complex portfolio selection problems under volatile market conditions
(Kim & Ahn, 2021).

Accounting information plays a central role in investment decision-making because financial statements provide valuable
insights into firms’ operational performance, financial strength, profitability, growth prospects, and market valuation.
Investors commonly rely on accounting indicators such as earnings growth, sales growth, book-to-market ratios, profitability
measures, and cash flow indicators when evaluating potential investments. The ability of accounting information to
distinguish efficient firms from inefficient ones has attracted substantial scholarly attention. However, not all accounting
variables contribute equally to stock selection, and identifying the most informative indicators remains an important
challenge.

Several studies have proposed hybrid decision-making frameworks that combine optimization models with ranking and
evaluation techniques. Such approaches have been shown to improve portfolio performance by simultaneously considering
multiple financial criteria (Anuno et al., 2024; Jaiyeoba et al., 2020). In emerging markets, where information asymmetry and

market inefficiencies are more pronounced, the integration of accounting information with intelligent analytical techniques

may provide substantial benefits for investors.
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In the Iranian capital market, previous studies have applied value-at-risk models, genetic algorithms, artificial intelligence
techniques, and stochastic optimization methods to address portfolio selection problems (Khalouzadeh & Amiri, 2006;
Mostafaei Darmian & Doaei, 2021; Navidi et al., 2010; Salemi Najafabadi et al., 2014). Nevertheless, limited attention has
been devoted to the simultaneous use of machine learning techniques for accounting variable screening and efficiency
analysis methods for firm evaluation. Moreover, relatively few studies have examined the comparative importance of
accounting indicators in constructing optimal stock portfolios. Therefore, this study sought to evaluate accounting criteria in
portfolio selection by integrating Support Vector Machine (SVM) and Data Envelopment Analysis (DEA) within a unified
framework.

Methods and Materials

This applied quantitative study employed a hybrid SVM-DEA framework to evaluate accounting indicators and identify
efficient firms for portfolio construction. The statistical population consisted of companies listed on the Tehran Stock
Exchange during the period from 2009 to 2022. Firms were selected using a systematic screening procedure. Companies that
experienced substantial interruptions in trading activity, changed their fiscal year during the study period, or belonged to
banking, insurance, and financial intermediary sectors were excluded from the sample due to structural differences in
financial reporting.

The research process consisted of three sequential stages. In the first stage, a comprehensive set of accounting and
financial indicators was collected from firms’ financial statements and market data. These indicators included measures of
growth, profitability, liquidity, operational performance, debt structure, and market valuation. A Support Vector Machine
algorithm was then applied to classify firms according to stock return performance and determine the relative importance of
each accounting variable. The objective of this stage was to identify the most influential indicators affecting stock returns and
eliminate less informative variables.

In the second stage, the selected indicators were incorporated into an output-oriented BCC Data Envelopment Analysis
model with variable returns to scale. Each company was treated as a decision-making unit (DMU). Inputs included systematic
risk (beta), return volatility, and operating cost ratios, whereas outputs consisted of stock returns, book-to-market ratios, and
operating cash flow measures. DEA was employed to evaluate the relative efficiency of firms and identify those located on
the efficiency frontier.

In the final stage, efficiency scores obtained from DEA were transformed into portfolio weights using a normalization
procedure. An optimal portfolio was subsequently constructed and compared with alternative selection approaches. The
overall objective was to determine whether the hybrid SVM-DEA framework could improve stock selection and identify firms
demonstrating superior financial efficiency.

Findings

The results of the SVM analysis revealed substantial differences in the discriminating power of accounting indicators.
Among all evaluated variables, the book-to-market ratio (B/P) achieved the highest importance score (0.639), indicating that
it was the most influential accounting criterion in distinguishing high-performing firms. Sales growth ranked second with a
score of 0.569, followed by earnings growth with a score of 0.541. Operating cash flow to sales ratio also demonstrated

considerable importance with a value of 0.512.
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The ranking results further indicated that market-based indicators exhibited stronger explanatory power than several
traditional accounting measures. Variables associated with profitability, growth, and valuation consistently received higher
scores than debt-related and liquidity-related indicators. These findings suggest that investors in the Iranian capital market
place significant emphasis on valuation and growth characteristics when assessing firms.

The DEA analysis provided additional insights into firm efficiency. Efficiency scores ranged from 0.12 to 1.00 across
decision-making units. Approximately 23% of firms were located on the efficiency frontier and achieved full efficiency scores
equal to one. The remaining firms exhibited varying degrees of inefficiency. Analysis of slack values indicated that deficiencies
in liquidity management and capital productivity represented the primary sources of inefficiency among firms.

The results also demonstrated that market-oriented variables, particularly B/P and E/P ratios, played a dominant role in
determining firm efficiency. Firms characterized by stronger valuation metrics, higher profitability growth, and superior
operational performance were more likely to achieve efficient status. Conversely, firms with weak liquidity indicators and
lower capital utilization tended to exhibit lower efficiency scores.

Overall, the findings showed that the hybrid SVM-DEA framework effectively reduced the dimensionality of the decision-
making problem, identified the most relevant accounting indicators, and distinguished efficient firms from inefficient ones
with greater precision than traditional approaches. The integrated model provided a structured mechanism for stock
selection and portfolio construction based on both predictive and efficiency-oriented criteria.

Discussion and Conclusion

The findings demonstrate that accounting information remains highly valuable for investment decision-making and
portfolio construction. The dominant role of the book-to-market ratio suggests that valuation-related indicators continue to
serve as powerful signals of future investment performance. This outcome indicates that investors are sensitive to
discrepancies between market valuations and underlying accounting fundamentals, allowing fundamentally strong firms to
be identified through appropriate screening mechanisms.

The significant contribution of sales growth and earnings growth highlights the importance of operational expansion and
profitability in determining firm attractiveness. Growth-oriented firms appear more capable of generating future economic
benefits, which enhances both market valuation and relative efficiency. The results also indicate that efficiency is not solely
determined by profitability but is strongly influenced by firms’ ability to utilize resources effectively and maintain adequate
liquidity positions.

The relatively low proportion of firms located on the efficiency frontier suggests that substantial opportunities exist for
improving corporate performance within the Iranian capital market. Many firms exhibit inefficiencies related to liquidity
management and capital productivity, indicating potential weaknesses in resource allocation and operational effectiveness.
These findings emphasize the importance of evaluating firms from a multidimensional perspective rather than relying
exclusively on traditional profitability measures.

From a methodological standpoint, the hybrid integration of SVM and DEA proved highly effective. The SVM component
successfully identified the most informative accounting indicators and reduced model complexity, while DEA provided a
robust mechanism for evaluating relative efficiency. The combination of predictive analytics and efficiency assessment

created a comprehensive decision-support framework capable of improving portfolio selection accuracy.
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The study contributes to the growing literature on intelligent financial decision-making by demonstrating that machine
learning and efficiency analysis can be integrated successfully within a unified portfolio optimization framework. The
proposed approach not only improves the identification of efficient firms but also enhances the practical applicability of
accounting information in investment analysis.

In conclusion, the results indicate that market valuation measures, growth indicators, and profitability-related accounting
variables play critical roles in determining firm efficiency and portfolio suitability in the Iranian capital market. The hybrid
SVM-DEA model offers a powerful tool for investors seeking to identify efficient firms and construct superior stock portfolios.
By combining machine learning-based variable selection with efficiency analysis, the model provides a structured and
effective approach to portfolio optimization and investment decision-making under complex market conditions.
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%% Insert Data
Ptrain=0.8;
N=nurel (X) ;
Ntrain=ceil (Ptrain®*N);
TrainX=X({1:Ntrain)':;
Train¥=Y(1l:Ntrain)':;

TestX=X(Ntrain+l:end)'
Test¥=Y (Ntrain+l:end)'

%% Run Prog
svdtruct= svmtrain(TrainX, Train¥) ;
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