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Abstract

This study aimed to develop and evaluate an intelligent model for explaining and predicting the nonlinear
relationships between environmental dynamism and organizational performance in Iranian automotive
companies. This applied, quantitative, descriptive-correlational, and ex post facto study used historical
data from automotive companies listed on the Tehran Stock Exchange during 2013—-2024. From an initial
population of 100 companies, 20 were purposively selected based on continuity of operations, data
availability, and completeness, with the company-year serving as the unit of analysis. Environmental
dynamism was operationalized across five dimensions: economic, technological, legal/regulatory, social,
and environmental, while organizational performance was assessed using financial and operational
indicators. Following data cleaning and normalization, an artificial neural network comprising three hidden
layers with 128, 64, and 32 neurons, ReLU activation functions, and the Adam optimizer was developed.
Genetic Algorithm (GA), Particle Swarm Optimization (PSO), and Artificial Bee Colony (ABC) algorithms
were compared for model optimization, and sensitivity analysis was conducted to determine the relative
predictive importance of environmental dimensions. The baseline ANN achieved MSE=0.0185,
RMSE=0.1360, MAE=0.105, and R2=0.887 on the test set, demonstrating substantial predictive capability
for nonlinear relationships. GA optimization produced the strongest performance compared with PSO and
ABC, reducing MSE by 23.8% to 0.0141 and increasing R2 to 0.915. Sensitivity analysis identified the
economic dimension as the most influential predictor (0.31), followed by technological (0.24),
legal/regulatory (0.19), social (0.14), and environmental (0.12) dimensions. Environmental dynamism
exhibits a complex nonlinear relationship with organizational performance in the automotive industry.
Integrating ANN with GA substantially improves predictive accuracy and explanatory performance. The
predominance of economic and technological dimensions highlights the strategic importance of continuous
environmental monitoring, technological capability development, and intelligent decision-support systems
for strengthening organizational adaptability and performance under dynamic conditions.

Keywords: Environmental Dynamism; Organizational Performance; Atrtificial Neural Network; Genetic
Algorithm; Sensitivity Analysis; Automotive Industry.
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Extended Abstract
Introduction
Contemporary organizations operate in business environments characterized by rapid technological
change, economic volatility, regulatory uncertainty, shifting social expectations, intensified
competition, and increasing environmental pressures. Under such conditions, organizational
performance cannot be adequately explained solely by internal resources or managerial efficiency;
rather, it increasingly depends on the organization’s ability to sense, interpret, and respond to
changes occurring in its external environment. Environmental dynamism refers to the rate,
magnitude, frequency, and unpredictability of changes affecting organizational activities and
strategic decisions. In dynamic environments, conventional planning mechanisms may lose
effectiveness because assumptions underlying organizational strategies can rapidly become
obsolete. Accordingly, sustainable organizational performance requires strategic planning systems
capable of continuous adjustment and adaptation to emerging environmental conditions (Okech,
2025). Environmental assessment is therefore increasingly regarded as an essential component of
strategic decision-making because systematic monitoring of environmental changes enables
organizations to identify emerging opportunities and threats and to modify their strategic responses
accordingly (Wiseman, 2024).
The relationship between environmental dynamism and organizational performance is inherently
complex. Environmental changes may create opportunities for innovation, market expansion, and
organizational renewal, while excessive turbulence can simultaneously increase uncertainty,
coordination costs, resource constraints, and strategic risk. Previous research has demonstrated
that environmental dynamism can alter the strength and nature of the relationship between
organizational capabilities and firm performance. For example, environmental dynamism has been
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identified as an important contextual factor affecting the relationship between entrepreneurial
orientation, entrepreneurial competencies, and firm performance (Aftab et al., 2024). Similarly,
dynamic service innovation capabilities can influence organizational performance through service
innovation and competitive advantage, while perceived environmental dynamism changes the
conditions under which such capabilities generate superior outcomes (Nosratpanah et al., 2024).
Environmental dynamism has also been shown to shape the effectiveness of organizational agility
in responding to changing market conditions (Onngam & Charoensukmongkol, 2024).

The increasing complexity of environmental-performance relationships has created a
methodological need for analytical approaches capable of identifying nonlinear and multidimensional
patterns. Artificial intelligence provides an important response to this requirement. Al-based systems
can process large volumes of heterogeneous information, identify latent patterns, and support
adaptive organizational responses to market change, innovation, and competitive pressures
(Sullivan & Fosso Wamba, 2024). Evidence from manufacturing and supply-chain research also
suggests that Al-driven innovation contributes to resilience and performance, particularly under
conditions of supply-chain dynamism (Belhadi et al., 2024). Artificial neural networks are especially
suitable for such analytical settings because they do not require researchers to specify a
predetermined functional form between predictors and outcomes and can approximate complex
nonlinear relationships involving multiple interacting variables (Shiming et al., 2024).

Recent studies have further demonstrated the benefits of combining data-driven prediction with
optimization techniques. Data-driven production-planning approaches incorporating deep learning
have improved the integration of demand forecasting with operational decision-making (Luo et al.,
2025). Simulation-based optimization and digital-twin approaches have similarly enabled
organizations to evaluate complex production scenarios and improve planning and scheduling
decisions (Javaid & Ullah, 2025). Data-driven optimization has also been applied to production
environments characterized by multiple demand features and high uncertainty (Su et al., 2025). In
addition, combining LSTM-based forecasting with genetic algorithms and multiobjective optimization
has demonstrated the potential of hybrid intelligent models for solving complex production-planning
problems (Salimi Zavieh et al., 2026). Research on dynamic optimization likewise indicates that
population-based metaheuristic algorithms can improve search efficiency and adaptability in
complex and changing environments (Sadeghi Moghadam et al., 2025).

These issues are particularly relevant to the automotive industry, which is highly capital-intensive,
technology-dependent, supply-chain-sensitive, and exposed to fluctuations in macroeconomic
conditions, regulation, consumer demand, technological development, and environmental
standards. Global vehicle sales statistics demonstrate the continuing sensitivity of automotive
markets to changing economic and market conditions (International Organization of Motor Vehicle,
2025), while official Iranian industrial performance reports illustrate the importance of continuously
monitoring production, sales, and market conditions in the domestic automotive sector (Ministry of
Industry & Trade, 2025). At the same time, technological transformation, knowledge management,
innovation capability, and organizational learning are becoming increasingly important foundations
of organizational performance (Abou-Moghli, 2025; Cui, 2025). Therefore, conventional linear
analytical approaches may be insufficient for representing the simultaneous and potentially nonlinear
effects of economic, technological, legal/regulatory, social, and environmental dynamism on
organizational performance. Accordingly, this study aimed to develop and evaluate an artificial neural
network-based model, optimized through a genetic algorithm and interpreted using sensitivity
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analysis, for predicting the nonlinear relationship between environmental dynamism and
organizational performance in Iranian automotive companies.

Methods and Materials

This study was applied in purpose and quantitative, descriptive-correlational, and ex post facto in
design. The statistical population comprised automotive companies listed on the Tehran Stock
Exchange. The temporal scope covered the period from 2013 to 2024. An initial population of 100
companies was screened according to continuity of operations, availability of financial and
operational information, and completeness of data across the study period. Using purposive
sampling, 20 companies satisfying the eligibility criteria were selected. The company-year
constituted the unit of analysis, allowing environmental and organizational indicators to be evaluated
longitudinally across companies and years.

Environmental dynamism was modeled through five dimensions: economic, technological,
legal/regulatory, social, and environmental. The environmental indicators were operationalized using
temporal changes and fluctuations rather than merely their absolute levels. Organizational
performance was represented through financial and operational measures, including indicators
related to profitability, assets, shareholders’ equity, return on assets, return on equity, production,
and sales. Data were obtained from company reports and official statistical sources. Before model
development, the data were cleaned, harmonized, screened for anomalous observations, and
normalized.

An artificial neural network was developed to model the multidimensional relationship between
environmental dynamism and organizational performance. The selected architecture consisted of
three hidden layers containing 128, 64, and 32 neurons, respectively. ReLU activation functions were
used in the hidden layers, while a linear function was employed in the output layer. The Adam
optimizer and mean squared error loss function were used during training. Model performance was
assessed separately using training, validation, and test datasets and evaluated through mean
squared error (MSE), root mean squared error (RMSE), mean absolute error (MAE), and the
coefficient of determination (R?). Three metaheuristic optimization techniques—Genetic Algorithm
(GA), Particle Swarm Optimization (PSO), and Artificial Bee Colony (ABC)—were subsequently
applied to improve the baseline ANN. Finally, sensitivity analysis was conducted on the best-
performing model to determine the relative predictive importance of the five environmental dynamism
dimensions.

Findings

The baseline artificial neural network demonstrated strong predictive performance. In the training
dataset, the model achieved an MSE of 0.0152 and an R? of 0.905, while in the validation dataset
the corresponding values were 0.0198 and 0.879. Performance remained satisfactory in the
independent test dataset, where MSE was 0.0185, RMSE was 0.1360, MAE was 0.105, and R?
reached 0.887. These findings indicated that the baseline ANN was capable of reproducing a
substantial proportion of the observed variation in organizational performance and exhibited
acceptable generalization beyond the training observations.

Optimization further improved model performance. The GA-optimized model achieved the best
overall results, with an MSE of 0.0141, RMSE of approximately 0.1187, MAE of 0.089, and R? of
0.915. Compared with the baseline ANN, GA optimization reduced MSE by approximately 23.8%
and increased R2 from 0.887 to 0.915. The PSO-optimized model ranked second, recording an MSE
of 0.0155, RMSE of 0.1245, MAE of 0.098, and R2 of 0.902. The ABC-optimized model ranked third,
with an MSE of 0.0162, RMSE of 0.1273, MAE of 0.101, and R2 of 0.898. Thus, although all three
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metaheuristic algorithms improved the baseline model, the GA+ANN configuration provided the
lowest prediction error and the highest explanatory performance.

Sensitivity analysis revealed substantial differences in the relative importance of the environmental
dimensions. The economic dimension showed the greatest predictive importance, with a sensitivity
coefficient of 0.31. The technological dimension ranked second with a coefficient of 0.24, followed
by the legal/regulatory dimension at 0.19. The social dimension had a coefficient of 0.14, while the
environmental dimension showed the lowest short-term sensitivity coefficient at 0.12. The overall
ranking was therefore economic, technological, legal/regulatory, social, and environmental
dynamism. The close correspondence between predicted and observed organizational performance
further supported the predictive adequacy of the final hybrid model.

Discussion and Conclusion

The findings demonstrate that organizational performance in the automotive industry is associated
with a multidimensional environmental structure that can be effectively modeled using artificial neural
networks. The relatively high predictive accuracy of the baseline ANN indicates that environmental
indicators collectively contain substantial information about changes in organizational performance.
More importantly, the improvement obtained after genetic algorithm optimization indicates that model
performance depends not only on the choice of an ANN framework but also on effective exploration
of the parameter space. The superior performance of GA compared with PSO and ABC suggests
that its population-based evolutionary search mechanism was particularly suitable for identifying
parameter configurations capable of minimizing prediction error in the present dataset.

The sensitivity results provide important substantive insights. Economic dynamism was the strongest
predictor of organizational performance, suggesting that automotive companies are especially
exposed to fluctuations in macroeconomic conditions. Variations in inflation, economic growth,
employment conditions, liquidity, purchasing power, and related economic indicators can rapidly
affect production costs, financing requirements, demand, investment decisions, and profitability. The
technological dimension ranked second, reflecting the growing importance of innovation,
technological absorption, digitalization, production technologies, and the capacity to respond to
technological transformation within the automotive sector. Legal and regulatory dynamism also
demonstrated considerable importance, which can be interpreted in light of the dependence of
automotive companies on industrial policies, commercial regulations, technical standards, pricing
frameworks, and other institutional conditions.

The lower sensitivity coefficients for social and environmental dimensions should not be interpreted
as evidence that these dimensions are strategically unimportant. Their effects may operate more
indirectly or materialize over longer time horizons through human capital, consumer preferences,
social legitimacy, environmental regulation, sustainability requirements, and changes in business-
model expectations. Sensitivity coefficients in the present study represent predictive importance
within the fitted model rather than causal effect sizes. Therefore, the results indicate the relative
contribution of each environmental dimension to model predictions but do not establish deterministic
causal relationships.

Overall, the study demonstrates that combining artificial neural networks with genetic algorithm
optimization can provide a powerful data-driven framework for predicting organizational performance
under dynamic environmental conditions. The GA+ANN model achieved the highest predictive
accuracy, with an R2 of 0.915 and substantially lower error than the baseline and alternative
optimized models. The results further establish a clear hierarchy in predictive importance, with
economic and technological dynamism emerging as the dominant environmental dimensions. From
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a managerial perspective, the findings support the development of integrated environmental-
monitoring and intelligent decision-support systems capable of continuously incorporating
macroeconomic, technological, regulatory, social, and environmental information. Such systems can
help automotive firms detect emerging changes, update forecasts, evaluate scenarios, and make
more adaptive strategic decisions in environments characterized by uncertainty and rapid
transformation.
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