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This paper examines the efficiency of Iranian listed companies using data envelopment
analysis and machine learning algorithms. First, the efficiency scores of 130 listed
companies in the period from 2007 to 2013 were calculated using data envelopment
analysis. Input variables included total debt and RETRSIK and output variables
included annual stock return and liquidity. Then, the machine learning algorithm was
used to identify and evaluate critical variables in predicting company performance. The
results showed that the XGBoost algorithm had superior prediction performance. This
study shows that the combination of data envelopment analysis and machine learning
methods can be an effective tool for analyzing and predicting the efficiency of listed
companies and help investors and managers make decisions. This research emphasizes
the role of modern data analysis methods in improving economic and financial
decision-making.
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Extended Abstract
Introduction

The capital market plays a pivotal role in facilitating financial resource allocation and fostering
economic growth, particularly through stock exchanges that enhance transparency, attract both domestic
and foreign investments, and stimulate various sectors (Birjandi et al., 2021). In Iran, listed companies
form a central pillar of the Tehran Stock Exchange (TSE), contributing significantly to funding economic
projects and expanding financial markets (Adabi et al., 2017). Established in 1967, the TSE has evolved
under political, economic, and social influences, becoming an integral part of the country’s economic
framework (Keshavarz & Rezaei, 2022). Evaluating the performance of these companies is vital for
optimizing resource utilization, improving competitiveness, and guiding managerial and investment
decisions.

Data Envelopment Analysis (DEA) has emerged as a robust mathematical programming approach
for assessing the relative efficiency of decision-making units (DMUs) without requiring predefined
functional forms or parameter estimates (Panwar et al., 2022). DEA’s non-parametric nature enables
simultaneous handling of multiple inputs and outputs, making it ideal for comparing entities that share
similar resource structures but achieve different outcomes (Fotova Cikovié et al., 2022). Despite its
strengths, DEA’s accuracy depends heavily on input-output selection and data quality, and it faces
challenges in accounting for environmental variables and standardizing benchmarks globally (Krmac &
Mansouri Kaleibar, 2023). Within the capital market, DEA facilitates detailed benchmarking of firms
based on profitability, return on capital, and optimal resource use (Fallah et al., 2020), allowing
identification of inefficiencies and targeted improvement strategies (Li et al., 2020). Innovations in DEA
have also introduced time-based performance rankings, capturing efficiency trends over multiple periods
(Rahimi et al., 2022).

Parallel to DEA, machine learning (ML) has revolutionized predictive analytics by enabling
systems to learn patterns from historical data and make accurate forecasts without explicit programming
(Brunton et al., 2020). ML methods—including decision trees, random forests, support vector machines
(SVM), and eXtreme Gradient Boosting (XGBoost)—offer advanced capabilities for modeling complex,
nonlinear relationships and incorporating non-financial variables such as customer behavior,
macroeconomic indicators, and market sentiment (Burkart & Huber, 2021; Bouasabah, 2024). In capital
markets, ML can integrate structured and unstructured data, conduct sentiment analysis, and uncover
hidden performance drivers that traditional methods often overlook (Jain et al., 2021; Jiang, 2021). Studies
demonstrate ML’s superior predictive accuracy for stock returns and corporate performance, especially
when combined with feature selection and ensemble methods (Khan et al., 2022; Hegde & Rokseth, 2020).
The integration of DEA and ML creates a hybrid analytical framework that not only benchmarks current
efficiency but also forecasts future performance based on multidimensional datasets (Rouf et al., 2021).

Recent literature supports this integration. For example, Vijh et al. (2020) applied artificial neural
networks and random forests to predict stock prices, achieving low RMSE and MAPE values, while
Zaman et al. (2023) combined ML with sentiment and commodity price data, improving forecast accuracy
to 87.2%. DEA-ML hybrids have been used to assess managerial capability impacts on firm performance
(Ravanshad et al., 2020), predict financial distress (Rahimi et al., 2022), and rank sector-specific
companies with multi-criteria decision-making methods (Shahriari, 2023). These studies highlight the
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potential of combining DEA’s efficiency measurement with ML’s predictive power to create actionable
insights for corporate governance, investment, and policy-making.

Against this backdrop, the present study evaluates the efficiency of 130 Iranian listed companies
from 2007 to 2023 using a combined DEA-ML approach. First, DEA efficiency scores were computed
based on carefully selected financial inputs and outputs. Then, multiple ML algorithms were trained to
identify key predictors and assess their accuracy in forecasting efficiency. This dual approach addresses
DEA’s limitations by incorporating predictive modeling and provides a scalable framework for ongoing
performance monitoring in volatile markets.

Methods and Materials

The study was conducted in two major phases. In the first phase, the efficiency scores of 130
Iranian listed companies were calculated annually over the 2007-2023 period using DEA. Input variables
included total debt and RETRSIK (return risk), while output variables consisted of annual stock return
and liquidity. DEA was implemented in both input-oriented and output-oriented models to ensure
robustness. Data were collected from the Rahavard Novin software and validated through expert
consultation.

In the second phase, the DEA efficiency scores served as the target variable in predictive models
built with four ML algorithms: Decision Tree (DT), Random Forest (RF), Support Vector Machine
(SVM), and eXtreme Gradient Boosting (XGBoost). Twenty-five financial and market-related indicators
were used as input features, covering asset structure, capital composition, profitability, leverage, liquidity,
growth, valuation ratios, and trading activity. Preprocessing steps included missing value assessment,
outlier detection using the interquartile range method, and feature scaling via min—max normalization.
The dataset was split into 80% training and 20% testing subsets. Model performance was evaluated using
mean absolute error (MAE), mean squared error (MSE), and root mean squared error (RMSE). All
computations were conducted in Python 3.1.1.

Findings

The DEA results revealed notable fluctuations in company efficiency over the 17-year period. The
average efficiency ranged from a low of 0.1269 in 2021 to a high of 0.4403 in 2019. From 2007 to 2012,
scores remained relatively stable between 0.1580 and 0.2156, followed by a sharp rise in 2013 to 0.2712.
A downward trend was observed between 2014 and 2017, reaching 0.1717, before surging in 2019. The
steep decline in 2020 and 2021 corresponded with macroeconomic instability, including currency
volatility and inflationary pressures. Efficiency partially recovered to 0.2390 in both 2022 and 2023.

In predictive modeling, XGBoost outperformed all other algorithms, achieving MAE = 0.0189,
MSE = 0.0026, and RMSE = 0.0514. RF ranked second with slightly higher errors, followed by DT and
SVM, the latter exhibiting the weakest performance with MAE = 0.1035, MSE = 0.0150, and RMSE =
0.1226. Scatter plots comparing predicted and actual DEA scores showed that XGBoost predictions
closely aligned with the reference line, indicating strong model fit.

Feature importance analysis from XGBoost identified total assets from the previous year (16.66%)
and total debt (14.88%) as the most influential predictors of efficiency. RETRSIK (7.36%), annual stock
return (5.63%), and net profit (5.25%) also emerged as critical factors. Weighted average cost of capital
(4.30%), market-to-book ratio (4.20%), and interest expenses (4.20%) had moderate importance. Several
variables, including company size (SIZE), stock return (RETURN), and the number of shares, showed



negligible impact in this model. These results suggest that historical asset base, leverage, and market risk
metrics are dominant drivers of efficiency in the Iranian capital market context.

Discussion and Conclusion

The integration of DEA and ML provided complementary strengths: DEA quantified relative
efficiency among peer firms, while ML identified key determinants and delivered accurate forecasts. The
superior performance of XGBoost aligns with prior findings on its robustness in handling complex, high-
dimensional financial datasets (Ali et al., 2023; Bentéjac et al., 2021). The high importance of prior-year
assets underscores the role of capital structure stability in sustaining operational efficiency, while the
prominence of total debt reflects the balancing act between leverage and value creation in emerging
markets. RETRSIK’s significance highlights the influence of return volatility on investor confidence and
firm performance.

The fluctuations in DEA scores mirror macroeconomic cycles and market shocks, suggesting that
efficiency is sensitive to both firm-level management practices and external conditions. The steep drop
during 2020-2021 coincided with heightened economic uncertainty, consistent with literature linking
efficiency to systemic risk factors (Keshavarz & Rezaei, 2022). The negligible role of SIZE and RETURN
in the predictive model indicates that scale and short-term market performance may be less relevant for
long-term efficiency, contrasting with some traditional finance theories (Alarussi, 2021).

In conclusion, this study demonstrates that combining DEA with advanced ML algorithms,
particularly XGBoost, can enhance the accuracy and interpretability of efficiency evaluations for listed
companies. The methodology offers a replicable framework for investors, managers, and policymakers to
monitor performance, diagnose inefficiencies, and prioritize strategic interventions. Future research could
extend the model to incorporate macroeconomic indicators, sector-specific variables, and real-time market
sentiment to further improve predictive capability and adaptability in dynamic market environments.
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sl g el gladilo; (b yiie Slhlas b LS aile g lsle e glaosls Judox jo wilg o (rdle (5 50L (rizman
Ceod Ol 5l B sl o i olev oo dmesls ool 51 (Sentiment Analysis) clulus! Jdos 5l ooliiwl b .aiS oS goladl
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.(Mehtab & Sen, 2020)
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(Support Vector Machine) Jluiy jlop b il
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