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Abstract:

This study aimed to investigate the effect of product diversification on return on equity (ROE) in petrochemical companies
listed on the Tehran Stock Exchange using kernel density estimation and linear/nonlinear regression approaches during the
2011-2021 period. This applied descriptive-correlational study employed an ex-post facto research design. The statistical
population consisted of firms listed on the Tehran Stock Exchange, and the sample included companies that continuously
operated in the market between 2011 and 2021. Return on equity was considered the dependent variable, while product
diversification measured through a kernel density-based index was the primary independent variable. Linear regression,
nonlinear regression, analysis of variance, and model fit statistics were utilized to test the study hypotheses. The linear
regression model was statistically significant (F = 2.422, p = 0.017) with an R? value of 0.097. Firm size (B = 0.214, p = 0.024),
EBIT-to-total-assets ratio (B = -0.508, p = 0.048), retained earnings-to-assets ratio (B = 0.695, p = 0.008), and net earnings-to-
sales ratio (B =-1.415, p = 0.050) significantly influenced ROE. However, the product diversification index (KDR) did not exhibit
a significant direct effect on ROE (B = 0.003, p = 0.972). The nonlinear kernel density model revealed a significant nonlinear
association between product diversification and ROE, characterized by an inverted U-shaped relationship, indicating that
moderate diversification enhances shareholder returns while excessive diversification may reduce financial performance. The
findings suggest that product diversification alone is not a dominant determinant of shareholder returns in petrochemical
firms. Financial efficiency and internal organizational factors play a more substantial role in explaining variations in ROE.
Nevertheless, the identified inverted U-shaped relationship indicates that diversification can improve financial performance
up to an optimal level, beyond which additional diversification may impose managerial and operational costs that outweigh
its benefits. Therefore, managers should pursue balanced diversification strategies to maximize shareholder value and sustain
long-term performance.
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Extended Abstract

Introduction

Product diversification has long been recognized as one of the most important strategic approaches adopted by firms
seeking to improve competitiveness, reduce operational risk, and enhance financial performance. In increasingly dynamic
and uncertain business environments, firms are often encouraged to expand their product portfolios to access new markets,
stabilize revenue streams, and exploit economies of scope. The petrochemical industry, characterized by substantial capital
investments, technological complexity, and exposure to fluctuations in global commodity markets, provides an especially
relevant context for examining the effectiveness of diversification strategies (Al-Mutairi & Al-Mutairi, 2019; Al-Saleh & Al-
Kandari, 2017).

Theoretical perspectives suggest that product diversification may improve firm performance by reducing dependence on
a limited set of products and increasing opportunities for growth. Resource-based theory argues that firms possessing
valuable and transferable resources can leverage them across multiple product lines, thereby generating competitive
advantages and superior returns. Likewise, strategic management literature emphasizes that diversification can enhance
organizational flexibility and resilience under changing market conditions (Ebrahimi et al., 2017; Sheikh, 2018). However,
diversification may also introduce additional costs associated with managerial complexity, coordination challenges, and
inefficient resource allocation. Consequently, the relationship between diversification and financial performance is often
expected to be nonlinear rather than purely positive or negative (Li et al., 2019; Vares & Khazaei, 2019).

Empirical evidence regarding the diversification—performance relationship remains inconclusive. Studies conducted in
petrochemical industries have generally reported positive effects of product diversification on firm value and financial
performance. For example, product diversification has been found to improve profitability and market valuation by creating
new growth opportunities and reducing business risk (Al-Ghamdi & Al-Mansour, 2020; Al-Saleh & Al-Kandari, 2017). Similarly,
evidence from Gulf Cooperation Council countries indicates that diversified petrochemical firms often achieve superior
financial outcomes compared to more specialized competitors (Al-Mutairi & Al-Mutairi, 2019).

Nevertheless, other studies suggest that diversification benefits may diminish beyond an optimal threshold. Research on
Chinese industrial firms revealed that excessive diversification can negatively affect performance because of increased
organizational complexity and weakened strategic focus (Li et al., 2019). Similar findings have been reported in studies
examining parent companies and diversified business portfolios, where nonlinear effects were observed and excessive
diversification reduced corporate efficiency (Vares & Khazaei, 2019). During periods of economic uncertainty, the
effectiveness of diversification may depend on organizational capabilities, market conditions, and the firm's ability to
coordinate diverse activities (Garrido-Prada et al., 2019).

The importance of diversification extends beyond individual firms and contributes to broader economic development.
Export and industrial diversification have been identified as essential drivers of competitiveness, innovation, and sustainable
growth (Abdullajanovich, 2021; Solano et al., 2019). Furthermore, diversification strategies are increasingly associated with
organizational sustainability, innovation capacity, and long-term value creation (Ehiedu & Priscilla, 2022; Lorenz & Stephan,
2025). Recent studies in the Iranian petrochemical sector emphasize the importance of organizational agility, digital human
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strategic development and financial success (Daniali Deh Howz, 2025; Ghadirinejad et al., 2024; Kheirkhah Askarabad et al.,
2025; Rajabpour, 2025; Tayebi Khorrami et al., 2024).

Return on equity (ROE) represents one of the most widely used indicators of financial performance because it measures a
firm's effectiveness in generating profits from shareholders’ investments. Investors, managers, and policymakers rely heavily
on ROE when evaluating organizational performance and value creation. Previous studies have shown that financial
performance is influenced by multiple factors including firm size, governance quality, environmental performance,
investment behavior, and strategic decisions (Esta et al., 2025; Majeed et al., 2021; Nguyen et al., 2021). Moreover, workplace
conditions, organizational culture, and human capital practices may indirectly influence firm performance by enhancing
employee effectiveness and organizational commitment (Tajabadi & Mohebi-Manesh, 2020).

Despite the growing literature, limited research has investigated the relationship between product diversification and ROE
in Iranian petrochemical companies using nonlinear and semi-parametric approaches. Most previous studies have relied on
traditional linear models that may fail to capture the complex nature of diversification effects. Given the strategic importance
of the petrochemical sector and the possibility that diversification effects vary across different levels of diversification, the
application of kernel density estimation provides an opportunity to obtain deeper insights into this relationship. Therefore,
this study examined the effect of product diversification on return on equity in petrochemical companies listed on the Tehran
Stock Exchange using a kernel density approach.

Methods and Materials

This study employed an applied, descriptive-correlational, and ex post facto research design. The statistical population
consisted of petrochemical companies listed on the Tehran Stock Exchange. Companies were included in the sample if they
had been listed before 2011, remained active throughout the 2011-2021 period, maintained a consistent fiscal year ending
in March, and provided complete financial information required for the analysis.

Return on equity (ROE) was selected as the dependent variable representing financial performance. Product diversification
served as the primary independent variable and was measured through a kernel density-based diversification index derived
from product sales distributions. Several control variables were incorporated into the analysis, including firm size, leverage,
earnings per share, retained earnings-to-assets ratio, earnings before interest and taxes relative to total assets, and net
earnings relative to sales.

Data were collected from audited financial statements and official stock exchange databases. Statistical analyses were
conducted using both linear and nonlinear regression techniques. Linear regression models were employed to evaluate direct
relationships between diversification and ROE, while nonlinear models and kernel density estimation techniques were applied
to identify potential nonlinear patterns. Analysis of variance (ANOVA), coefficient estimates, goodness-of-fit measures, and
residual diagnostics were used to assess model adequacy and statistical significance.

Findings

The results of the linear regression analysis indicated that the overall model was statistically significant. The coefficient of
determination (R? = 0.097) suggested that approximately 9.7% of the variation in return on equity could be explained by the
included explanatory variables. The F-statistic was significant (F =2.422, p = 0.017), confirming the adequacy of the regression

model.
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Among the explanatory variables, firm size demonstrated a positive and statistically significant effect on ROE (B =0.214, p
=0.024). The retained earnings-to-assets ratio also exerted a significant positive effect (f = 0.695, p = 0.008). In contrast, the
earnings-before-interest-and-taxes-to-assets ratio showed a significant negative effect (f = -0.508, p = 0.048). Likewise, the
net earnings-to-sales ratio exhibited a significant negative relationship with ROE (B = -1.415, p = 0.050).

The product diversification index (KDR), however, did not demonstrate a statistically significant direct effect on ROE in the
linear regression model (B = 0.003, p = 0.972). This finding indicates that a simple linear specification may not adequately
explain the relationship between diversification and shareholder returns.

The nonlinear regression analysis provided additional insights. Parameter estimates and model diagnostics suggested the
existence of a nonlinear relationship between product diversification and return on equity. Specifically, the relationship
exhibited an inverted U-shaped pattern. At lower and moderate levels of diversification, increases in diversification were
associated with improvements in shareholder returns. Beyond a certain threshold, however, additional diversification
resulted in declining ROE.

Residual analyses confirmed the appropriateness of the model assumptions. The residuals displayed approximately normal
distributions, and the Durbin—Watson statistic indicated no serious autocorrelation problems. Overall, the findings support
the existence of a nonlinear diversification—performance relationship within Iranian petrochemical firms.

Discussion and Conclusion

The findings demonstrate that product diversification influences financial performance in a more complex manner than
suggested by traditional linear models. The absence of a significant direct linear effect implies that simply expanding the
number of products does not automatically improve shareholder returns. Rather, the effectiveness of diversification depends
on the degree to which firms can manage the accompanying organizational, financial, and strategic challenges.

The inverted U-shaped relationship identified in this study suggests that moderate diversification creates value by reducing
risk, expanding market opportunities, and enabling firms to exploit existing resources across multiple product categories.
However, excessive diversification appears to generate coordination difficulties, increase administrative costs, and dilute
managerial focus, ultimately reducing performance. These findings indicate the existence of an optimal diversification level
beyond which marginal benefits decline and costs begin to outweigh advantages.

The results further emphasize the importance of internal organizational capabilities. Firm size and retained earnings were
found to contribute positively to shareholder returns, highlighting the role of financial strength and resource availability in
supporting successful diversification strategies. Larger firms possess greater capacities to absorb risk, invest in innovation,
and coordinate diversified operations effectively.

The findings also underscore the strategic importance of organizational adaptability within the petrochemical sector. As
market conditions become increasingly volatile, diversification should be accompanied by investments in innovation,
sustainability, digital transformation, talent management, and organizational agility. Firms that integrate diversification
within broader strategic frameworks are more likely to achieve sustainable competitive advantages and long-term value
creation.

In conclusion, product diversification is neither universally beneficial nor inherently harmful. Its impact on return on equity
depends on the extent of diversification and the firm's ability to manage complexity effectively. For petrochemical companies,

moderate diversification appears to enhance shareholder value, whereas excessive diversification may undermine financial
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performance. Managers should therefore pursue balanced diversification strategies based on organizational capabilities,
market opportunities, and long-term strategic objectives. Such an approach can contribute to sustainable growth, improved

financial outcomes, and greater resilience in increasingly competitive environments.
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Model Summary®

Model
\
R YAV
R Square ..-Ay
Adjusted R Square RN
Std. Error of the Estimate < AYYEVYE) - £Y0VAD
Change Statistics R Square Change -.qy
F Change Y.fyy
dfy A
dfy VAN
Sig. F Change AN
Durbin-Watson YSYA

a. Predictors: (Constant), KDR, EPS, EBITTA, SIZE, LEV, NES, AETA, EBITS
b. Dependent Variable: ROE
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ANOVA?

Model Sum of Squares df Mean Square F Sig.

\ Regression VWWAYA A V.2FY Y.fYY -.\Yb
Residual VYY.VYA YA + FYA
Total \YO.AVE VA4

a. Dependent Variable: ROE
b. Predictors: (Constant), KDR, EPS, EBITTA, SIZE, LEV, NES, AETA, EBITS
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Coefficients®
Model Unstandardized Standardized t Sig. Collinearity Statistics
Coefficients Coefficients
B Std. Error Beta Toleran VIF
ce
\  (Constant) -Y.XY? V4.2Y4 -+ R
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AETA Y520 -A9¥ AN YA <o K% AYFAN
EBITS £.a0- YFeA VEVE V.AQA R .- AR
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a. Dependent Variable: ROE
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Residuals Statistics?

Minimum Maximum Mean Std. Deviation N

Predicted -+ 0FPPYAr - YPYYSESR . V.o YAOYAATAYYYEYY < OYPYOYADAYPAOYY c YEYPOYIYAYYAY A 4.
Value

Residual BARMAAERERE VAN RN XYY+ -A0F-OOVARVY R R Y < A DADFAFARANYYA 4.
Std. Predicted -f.-v\ Y.-qy [o 14-
Value

Std. Residual -APYA ANEA 4.
a. Dependent Variable: ROE
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Parameter Estimates

Parameter Estimate Std. Error 447 Confidence Interval
Lower Bound Upper Bound
b -Yiva.asa foavavay -\Y-a0.4-Y INAR A4
by f7a4.41) FY-Y.YAQ ~AOYY APY VVAY - AAD
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ANOVA?

Source Sum of Squares df Mean Squares
Regression OY.OVY Y \Y.ADY
Residual \YoO.-YF VAY - YYY
Uncorrected Total YAAB40 V4.

Corrected Total \YO.AVE VA4

Dependent variable: ROE

a.R squared - Y - (Residual Sum of Squares)/ (Corrected Sum of Squares) = - .- -#

Uncorrected Total YOFAYED- VY- 9.

Corrected Total YYAQSE£2AFA A4

Dependent variable: ROI

a.R squared - ' - (Residual Sum of Squares)/ (Corrected Sum of Squares) = -.- \A
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