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Objective: This study aimed to design and validate a multilayer text-mining model for
converting board of directors’ activity reports of Tehran Stock Exchange-listed firms into
quantitative stock-selection signals and to test the economic value of combining these signals
with accounting information.

Methodology: This applied, ex post facto study examined 330 firms listed on the Tehran Stock
Exchange, from which 161 firms were selected through systematic elimination for the 2009-
2023 period. The four-layer model comprised Persian-text preprocessing using Hazm,
development of a domain-specific financial sentiment lexicon incorporating negation and
intensification controls, polarity classification using ParsBERT, and conversion of textual
indicators into calibrated probability scores using a support vector machine with Platt
calibration. Three portfolios were constructed using textual information, accounting information,
and their combination. Portfolio efficiency was measured using the slacks-based measure of data
envelopment analysis. The study hypothesis was tested using Welch’s t-test, a 95% confidence
interval, and Cohen’s d effect size.

Findings: Welch’s t-test demonstrated that the hybrid portfolio achieved significantly greater
efficiency than the text-based portfolio, with a mean efficiency difference of 0.354 (t=2.48,
df=19.8, p=0.022). The 95% confidence interval for the mean difference ranged from 0.056 to
0.652 and excluded zero. Cohen’s d was 1.06, indicating a large effect and supporting the
research hypothesis. Sensitivity analyses involving alternative risk-free rates, alternative risk
definitions, and exclusion of 2020 and 2021 did not alter the direction of the findings.
Conclusion: Textual signals extracted from board activity reports provide greater economic
value when integrated with accounting information rather than used independently; accordingly,
combining ParsBERT-based natural language processing with fundamental accounting
indicators can provide a more effective framework for stock-selection decisions in the Iranian
capital market.

Keywords: Text mining; Sentiment analysis; ParsBERT; Board of directors’ activity report;
Support vector machine; Stock selection; Data envelopment analysis
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EXTENDED ABSTRACT
Introduction

The rapid expansion of digital financial reporting and the increasing availability of unstructured
corporate disclosures have created new opportunities for integrating textual information into investment
decision-making. Traditional stock-selection approaches primarily rely on accounting ratios, market
indicators, historical returns, and other structured financial variables. Although these measures remain
fundamental to financial analysis, they are largely backward-looking and may not fully capture managerial
expectations, assessments of future risks, strategic intentions, or forward-looking information contained
in narrative disclosures. In parallel, behavioral finance research has demonstrated that asset prices and
investment decisions are influenced not only by fundamental information but also by investor sentiment,
perceptions, confidence, and the way market participants interpret available information. Systematic
evidence indicates that investor sentiment has become an important explanatory factor in global financial
markets and can affect market behavior under different economic and institutional conditions (Maurya et
al., 2025). The relationship between sentiment and the risk—return trade-off further suggests that behavioral
information can add explanatory value to conventional financial models (Duxbury & Wang, 2024).

Investor sentiment itself is shaped by a wide range of cognitive, behavioral, and informational
factors. Financial literacy, investment experience, personality characteristics, and contextual beliefs can
affect how investors process financial information and convert it into decisions. Evidence shows that
financial literacy and investor sentiment are associated with financing and investment choices and that
investor experience may modify these relationships (Ali, 2023). Personality traits may also influence
investment decisions through their effect on investor sentiment (Kamath, 2023), while investment behavior
can be shaped by broader emotional and belief-based environments (Shah et al., 2024). Moreover, sentiment
has been linked to liquidity in emerging stock markets (Messaoud et al., 2023), return predictability (Gu et
al., 2023), and herd behavior and uncertainty in highly volatile markets (Bogdan et al., 2023; Sakariyahu et
al., 2024). These findings reinforce the view that sentiment constitutes an important component of the
information environment surrounding financial markets.

Corporate narrative disclosures provide a particularly relevant source for studying sentiment
because they contain qualitative information that cannot be fully represented by numerical financial
statements. Narrative reporting may communicate management’s assessment of current performance,
business risks, future expectations, development plans, and strategic priorities. Previous research has
shown that subjective expressions in financial reports may be associated with corporate performance
(zhong & Ren, 2022). Financial reporting complexity has also been linked to investor sentiment and stock
prices, highlighting the importance of how information is linguistically structured and communicated
(Chung & Chang, 2024). Similarly, the readability, tone, and quality of disclosure can influence the
efficiency with which information is transmitted to market participants (Moreau, 2025). The continuing
digitization of financial reporting has further increased the potential role of sentiment-analysis tools in
extracting meaningful information from corporate disclosures (Biancone et al., 2025).

Advances in natural language processing and machine learning have made it increasingly feasible
to convert unstructured financial text into quantitative indicators. Financial sentiment analysis has evolved
from dictionary-based methods and conventional statistical classifiers toward contextual language models



and transformer-based architectures. Contemporary reviews indicate that this field now encompasses a
broad range of applications, including stock prediction, risk assessment, financial distress prediction,
transparency assessment, and fraud detection (Du, 2024). Sentiment analysis has therefore become an
important methodological bridge between qualitative financial information and quantitative market
modeling (Jawale, 2023). Studies integrating financial-news sentiment scores with machine-learning
algorithms have reported that textual signals may improve stock-market prediction when combined with
structured variables (Magbool et al., 2023). Systematic reviews of intelligent financial-market prediction
likewise show the increasing importance of combining text mining with machine learning to exploit
information not contained in conventional numerical datasets (Ashtiani & Raahemi, 2023).

The application of sentiment analysis in finance extends beyond direct stock-price forecasting.
Textual sentiment has been incorporated into models for predicting financial distress (Hajek & Munk,
2023), assessing accounting transparency (Faccia et al., 2023), and identifying financial fraud through
hybrid frameworks that combine sentiment and conventional financial indicators (Zhou & Park, 2025).
Recent work has also demonstrated that ESG-related sentiment may influence investor behavior and
corporate financing conditions, including the cost of equity capital (Deng et al., 2026). These developments
suggest that narrative disclosures contain economically relevant signals that may supplement traditional
accounting information. However, the usefulness of such signals depends heavily on the linguistic quality
of the sentiment-extraction procedure and on whether the resulting textual measures can be converted into
actionable portfolio-selection indicators.

Financial news and social-media content have been frequently used as textual sources in prior
studies. Evidence from emerging markets shows that sentiment extracted from news can be associated
with stock-market reactions (\Vu, 2023), while financial-news sentiment and investor confidence have been
identified as determinants of stock-price volatility (Nuriksan & Nikmah, 2025). Other studies have
integrated macro-financial factors with social-media sentiment to forecast market trends (Amin, 2024).
Although these sources are useful, they may contain substantial noise and may reflect short-term market
reactions rather than firm-specific managerial information. Corporate reports, by contrast, are formal
disclosures directly related to company performance, strategy, risks, and expectations. Among these
disclosures, board of directors’ activity reports are particularly important because they contain extensive
narrative explanations alongside conventional financial information.

In the Iranian capital market, the relevance of sentiment has also been documented. Investor
sentiment has been linked to investment returns and financial performance among firms listed on the
Tehran Stock Exchange (Montazeralhaj & Rezaei Shouraki, 2023). It has also been associated with returns,
cash flows, discount rates, and firm performance (Rahmanian Koshki & Saadat, 2023). Research has
examined the relationship between social responsibility and investor sentiment in Iran (Zare Bahman-Miri
et al., 2022), while international evidence similarly supports interactions among corporate social
responsibility, investor sentiment, and financial performance (Vuong, 2022). More recent Iranian evidence
suggests that investor sentiment can moderate the relationship between corporate social responsibility and
financial performance (Shakeri Ardakani et al., 2025). Investor sentiment has also been studied in relation
to capital-structure adjustment under financial constraints (Jafaei Rahni, 2026). These studies indicate that
sentiment-related mechanisms are relevant to both investor behavior and corporate financial outcomes in
the Tehran Stock Exchange.
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Another important line of Iranian research concerns risk sentiment embedded in annual reports.
Prior studies have examined the relationship between firms’ financial risk and risk sentiment expressed in
annual reports (Taftiyan et al., 2023) and have investigated the economic consequences of such sentiment
using dynamic models (Taftiyan & Bazrafshan Poor, 2023). These findings suggest that the linguistic content
of Iranian corporate reports contains information with potential economic relevance. Nevertheless, prior
studies have largely focused on associations between sentiment indicators and financial variables rather
than converting Persian corporate text directly into quantitative stock-selection signals and testing their
economic value within portfolio construction.

A major methodological challenge is that financial sentiment analysis is highly language- and
domain-dependent. Persian financial text presents additional difficulties related to orthography, half-
spacing, morphology, negation, intensification, and context-sensitive financial terminology. ParsBERT, a
transformer-based model specifically pretrained for Persian language understanding, has demonstrated
strong performance across Persian natural-language-processing tasks (Farahani et al., 2021). Its contextual
architecture is particularly relevant to financial text because the meaning of a term may change depending
on surrounding words, negation, and sentence structure. Nevertheless, accurate sentiment classification
alone does not establish economic usefulness. For investment decision-making, a textual classifier must
ultimately produce a continuous and comparable stock-selection score that can be incorporated into
portfolio weighting and evaluated against financial benchmarks.

The economic environment may further affect the stability of textual and market signals.
Exogenous shocks can substantially influence financial-market dynamics; for example, evidence shows
that COVID-19 case numbers affected stock-market indices in developed economies (Karimkhani et al.,
2023). This reinforces the need to test whether a textual portfolio signal remains robust across different
market conditions. Accordingly, a comprehensive framework should combine language-specific
preprocessing, domain-specific sentiment lexicons, contextual language modeling, probabilistic scoring,
portfolio construction, and direct evaluation of economic efficiency. The present study addresses this gap
by developing a multilayer Persian financial text-mining framework and examining whether textual
information from board of directors’ activity reports adds greater economic value when integrated with
accounting information rather than used independently.

Methods and Materials

This applied study employed an ex post facto design based on historical data from firms listed on
the Tehran Stock Exchange. The statistical population consisted of 330 listed companies, and systematic
elimination criteria were used to obtain a final sample of 161 firms with continuous activity, complete
data, and comparable fiscal years. The study covered a 14-year period from 2009 to 2023. The first three
years were used for developing the textual models and the financial sentiment lexicon, while portfolios
were constructed and evaluated for the subsequent 11 years.

Financial data were obtained from Rahavard Novin and the CODAL disclosure system. Board of
directors’ activity reports were extracted from PDF files. The proposed text-mining system consisted of
four interconnected layers. In the first layer, Persian text was normalized, tokenized, stemmed, and cleaned
using the Hazm library. In the second layer, a domain-specific financial sentiment lexicon was developed
from frequently occurring terms in corporate reports, market news, and official company disclosures. The
lexicon classified terms into positive, negative, and neutral categories and explicitly incorporated



negation, attenuation, and intensification structures. Its validity was evaluated through agreement with
human labeling using Cohen’s kappa.

The third layer classified textual polarity using ParsBERT. The model was adapted to three
sentiment classes—positive, negative, and neutral—and evaluated using Accuracy, Precision, Recall, and
F1-score. Textual indicators were subsequently calculated for each firm-year based on the proportions of
positive and negative terms and the overall sentiment balance.

In the fourth layer, a support vector machine was used to convert textual and financial indicators
into the probability that a stock belonged to the efficient class. Continuous probability scores were
generated through Platt calibration. Scores were rescaled to the 01 interval and then transformed into
portfolio weights.

Three portfolios were constructed annually: a text-based portfolio, an accounting-based portfolio,
and a hybrid portfolio combining DEA, textual, and SVM scores. Portfolio efficiency was evaluated using
the slacks-based measure of data envelopment analysis. Risk, measured using return volatility and return
variance, served as the inputs, while excess portfolio return over a 15% risk-free rate was treated as the
output. A total of 33 portfolio-year observations were evaluated. The main hypothesis compared the
annual efficiencies of the hybrid and text-based portfolios using Welch’s t-test. Cohen’s d was calculated
as the effect-size measure, a 95% confidence interval was reported for the mean difference, and normality
was assessed using the Jarque—Bera test. Robustness was additionally examined by varying the risk-free
rate, changing the risk definition, and excluding selected high-volatility years.

Findings

The financial sentiment lexicon demonstrated strong agreement with human judgment, with
Cohen’s kappa equal to 0.82. This level of agreement indicated that the lexicon reproduced the human
evaluator’s sentiment classifications with high consistency. ParsBERT also showed strong classification
performance on the test set. Overall Accuracy was 0.89, Precision was 0.88, Recall was 0.87, and the F1-
score was 0.87. The similarity between Precision and Recall indicated a balanced classification
performance with no substantial asymmetry between false-positive and false-negative errors.

Portfolio analysis showed substantial differences in efficiency. The mean efficiency of the text-
based portfolio was 0.582 with a standard deviation of 0.315. The accounting-based portfolio achieved a
mean efficiency of 0.649 with a standard deviation of 0.321, whereas the hybrid portfolio recorded the
highest mean efficiency at 0.936 with a standard deviation of 0.352. Thus, the hybrid portfolio operated,
on average, considerably closer to the DEA efficiency frontier than either of the single-source portfolios.

The main inferential test confirmed the superiority of the hybrid portfolio over the text-based
portfolio. The mean difference in efficiency was 0.354. Welch’s t-test yielded t=2.48 with 19.8 degrees
of freedom and a two-tailed p-value of 0.022. The 95% confidence interval for the mean difference ranged
from 0.056 to 0.652 and therefore did not include zero. Cohen’s d was 1.06, indicating a large effect size.
Accordingly, the research hypothesis that the hybrid portfolio would be more efficient than the text-based
portfolio was supported.

The normality assumption for portfolio-efficiency distributions was supported by the Jarque—Bera
test. Robustness analyses also reinforced the main result. Changing the risk-free rate from 15% to values
between 18% and 22%, altering the definition of risk, and excluding 2020 and 2021 did not change the
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direction of the findings. In all sensitivity scenarios, the hybrid portfolio remained more efficient than the
portfolio based only on textual information.

Discussion and Conclusion

The findings demonstrate that Persian corporate narrative disclosures can be transformed into
meaningful quantitative signals through an integrated text-mining framework. The high Cohen’s kappa
obtained for the financial sentiment lexicon indicates that domain-specific lexical construction was
successful in capturing sentiment distinctions that are relevant to Persian financial discourse. This is
particularly important because financial terms frequently acquire different meanings depending on
context, negation, direction of change, and surrounding expressions. The strong agreement with human
labeling suggests that carefully designed domain-specific lexical resources can provide a reliable
foundation for automated analysis of Persian financial reports.

The classification results further show that ParsBERT is suitable for identifying sentiment polarity
in Persian financial narratives. An Accuracy of 0.89 and an F1-score of 0.87 indicate that the model was
able to capture contextual information in board activity reports with a relatively high level of consistency.
The balanced Precision and Recall values suggest that the model did not obtain its performance by
systematically favoring one class of errors. This is especially relevant in financial analysis, where
misclassifying negative statements as positive or overlooking genuinely positive signals can directly affect
stock-ranking decisions.

Nevertheless, the principal contribution of the study lies not in classification accuracy alone but in
the demonstrated economic value of combining textual and accounting information. The hybrid portfolio
significantly outperformed the text-based portfolio, and the large effect size indicates that this difference
was economically meaningful rather than merely statistically detectable. The result implies that corporate
narrative sentiment contains useful information, but that such information should not be treated as a
substitute for accounting fundamentals. Narrative disclosures may reveal managerial expectations,
perceived risks, strategic orientation, and forward-looking assessments; however, they may also contain
selective emphasis, optimistic framing, or language that does not fully correspond to realized financial
strength. Accounting information provides an objective counterbalance by anchoring the textual signal in
measurable financial performance.

The superior efficiency of the hybrid portfolio can therefore be interpreted as evidence of
informational complementarity. Text and accounting numbers capture partially different dimensions of
firm quality. When integrated, they reduce the weaknesses inherent in each source when used alone. The
text-based portfolio may identify firms with favorable managerial tone but cannot by itself ensure that this
tone is supported by strong fundamentals. Conversely, accounting information may accurately summarize
historical performance while missing forward-looking qualitative information. The hybrid framework
combines these dimensions and consequently provides a richer basis for stock selection.

The robustness analysis strengthens this interpretation. The persistence of the hybrid portfolio’s
superiority under alternative risk-free rates, alternative definitions of risk, and exclusion of unusually
volatile years indicates that the main conclusion was not driven by one technical specification or a small
subset of market conditions. This is important in the Tehran Stock Exchange, where market conditions
can vary considerably across years and where periods of macroeconomic instability may distort both
financial and textual signals.



From a methodological perspective, the study also demonstrates the value of evaluating financial
text-mining models beyond conventional machine-learning metrics. A classifier may perform well in
terms of Accuracy or F1-score without necessarily generating economically useful investment signals. By
linking language-model outputs to portfolio formation and then evaluating efficiency through data
envelopment analysis, the study directly connects linguistic validity, predictive scoring, and investment
performance. This multistage evaluation provides a stronger test of practical usefulness than classification
assessment alone.

Overall, the study concludes that board of directors’ activity reports constitute a valuable source
of investable information when processed through a language-sensitive and financially specialized text-
mining framework. ParsBERT can effectively classify Persian financial sentiment, and the resulting
textual signals can be transformed into continuous stock-selection scores. However, the greatest economic
value emerges when these signals are combined with accounting information. The proposed framework
therefore supports the use of textual analysis as a complementary component of fundamental investment
analysis rather than as an independent replacement for financial data. For analysts, portfolio managers,
and institutional investors in the Iranian capital market, integrating Persian NLP-based sentiment measures
with accounting fundamentals can provide a more efficient and information-rich approach to stock
selection.
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