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Abstract:

This study aimed to develop an intelligent framework based on feature selection and stacked deep learning to predict the
level of digital transformation changes in organizations and improve the accuracy of digital transformation classification. The
study utilized a standard corporate digital transformation dataset containing 2,000 samples and 24 features. In the first stage,
influential features were extracted using the Binary Archimedes Optimization Algorithm (BAOA) and a wrapper-based feature
selection approach. The selected features were then fed into a stacked ensemble and deep meta-learning framework (SE-
DML). The architecture consisted of four base classifiers, including Random Forest, AdaBoost, XGBoost, and Bagging, while a
multilayer deep neural network acted as the meta-learner. The dataset was divided into training (70%) and testing (30%)
subsets using stratified sampling. Model performance was evaluated using Accuracy, Balanced Accuracy, Precision, Recall,
F1-Score, Kappa, MCC, Log-Loss, AUROC, and AUPRC metrics across 20 independent runs. The results demonstrated that the
BAOA algorithm successfully identified stable and influential digital transformation features while achieving rapid
convergence. Feature frequency analysis indicated that the variable “digitaltransindex” had the greatest contribution to
predicting digital transformation levels. The proposed hybrid model achieved outstanding classification performance. Among
all classifiers, Bagging achieved the best results with an Accuracy of 0.9995, F1-score of 0.9994, and the lowest Log-Loss value
of 0.0048. The STACK model based on deep meta-learning also showed highly reliable performance with an Accuracy of
0.9985 and an AUROC value of 1.0. Furthermore, MCC and Kappa values confirmed the strong discriminative capability of the
proposed framework in identifying digital transformation levels. The findings revealed that integrating BAOA-based feature
selection with stacked ensemble learning and deep meta-learning provides an effective framework for predicting digital
transformation change levels. The proposed approach successfully reduced data dimensionality, eliminated redundant
features, and extracted complex organizational patterns with high predictive accuracy. The model outperformed individual
classifiers and demonstrated strong potential for application in managerial decision-support systems and strategic digital
transformation planning.
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Extended Abstract

Introduction

Digital transformation has emerged as one of the most influential paradigms shaping modern organizations, industries,
and strategic management systems. The increasing integration of advanced technologies, artificial intelligence, big data
analytics, cloud infrastructures, and intelligent decision-support systems has fundamentally changed how organizations
create value, optimize operations, and maintain competitive advantage (Vial, 2021). In contemporary business environments,
digital transformation is no longer limited to technological adoption; rather, it encompasses structural, managerial, cultural,
and strategic reconfiguration processes that enable organizations to adapt to rapidly changing digital ecosystems (Kraus et
al., 2022). As organizations continue to generate large-scale and multidimensional datasets, the need for intelligent analytical
frameworks capable of extracting meaningful patterns from organizational data has become increasingly important (Gupta
& George, 2023). Consequently, machine learning and artificial intelligence technologies have become central components
of digital transformation strategies and organizational innovation (Davenport & Mittal, 2022; Kitsios & Kamariotou, 2021).

Recent studies have emphasized that artificial intelligence can significantly improve organizational agility, predictive
decision-making, customer engagement, and operational efficiency during digital transformation processes (Aldoseri et al.,
2024; Perifanis & Kitsios, 2023). Furthermore, Al-powered transformation frameworks have demonstrated their ability to
support strategic planning, automate repetitive processes, and optimize business models in digitally driven environments
(Kim & Kim, 2022). The role of machine learning in organizational performance has also received substantial attention,
particularly in identifying hidden relationships among organizational variables and forecasting transformation-related
outcomes (Mikalef et al., 2022; Mikalef et al., 2021). Despite these advancements, organizations still face major challenges
in effectively predicting digital transformation levels due to the complexity, heterogeneity, and multidimensionality of
transformation indicators (Ahmad et al., 2022; Hendrawan et al., 2024). The presence of redundant, noisy, and highly
correlated features within organizational datasets can reduce the efficiency and interpretability of predictive models.

Feature selection therefore plays a critical role in improving the performance of machine learning frameworks by reducing
dimensionality, eliminating irrelevant features, and increasing model stability (Merceedi & Abdulazeez, 2025). Metaheuristic
optimization algorithms have recently attracted significant interest in feature selection research because of their ability to
effectively explore complex search spaces and identify near-optimal feature subsets (Hashim et al., 2021; Hassan et al., 2022).
At the same time, stacked ensemble learning and deep meta-learning approaches have shown considerable potential in
improving classification accuracy through the integration of multiple heterogeneous learning models (Zhang et al., 2022).
Previous studies have demonstrated the effectiveness of ensemble frameworks such as Random Forest, XGBoost, AdaBoost,
and Bagging in various predictive domains (Budholiya et al., 2022; Paul et al., 2024). Nevertheless, relatively limited research
has combined binary metaheuristic feature selection with stacked ensemble deep learning architectures for predicting
organizational digital transformation levels. Therefore, the present study proposed a hybrid intelligent framework based on
Binary Archimedes Optimization Algorithm (BAOA) and Stacked Ensemble—Deep Meta Learning (SE-DML) to predict digital
transformation change levels in organizations using a standard corporate digital transformation dataset (colabsss, 2025).

Methods and Materials

This study adopted an applied computational research design based on machine learning and intelligent optimization

techniques. The proposed framework utilized a standard corporate digital transformation dataset consisting of 2,000
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organizational samples and 24 variables, including 23 predictive features and one target variable representing digital
transformation levels categorized into Low, Medium, and High classes. The dataset included organizational, financial,
managerial, technological, and innovation-related indicators associated with digital transformation processes.

The proposed framework consisted of two major stages: feature selection and stacked ensemble deep learning
classification. In the first stage, Binary Archimedes Optimization Algorithm (BAOA) was employed as a wrapper-based feature
selection method. Each candidate solution within the optimization process was represented as a binary vector in which “1”
indicated feature selection and “0” represented feature exclusion. The algorithm initialized a random population of candidate
feature subsets and iteratively updated them using Archimedes-inspired mechanisms involving density, acceleration, and
volume parameters. The optimization objective simultaneously minimized classification error and the number of selected
features. A K-Nearest Neighbors classifier was utilized as a lightweight evaluator during the feature selection process to
estimate the predictive quality of each feature subset.

To improve stability and reduce dependence on random initialization, the feature selection process was repeated across
multiple independent runs. Features with higher selection frequencies across iterations were retained as the final optimized
feature subset. The selected features were subsequently used as inputs for the second stage of the framework.

In the learning stage, a stacked ensemble deep meta-learning architecture was developed. Four heterogeneous ensemble
classifiers, including Random Forest (RF), AdaBoost, XGBoost, and Bagging, served as base learners. Each model
independently learned patterns from the selected features and generated probabilistic outputs for the three digital
transformation classes. The probabilistic predictions of all base classifiers were then concatenated and transferred to a
multilayer deep neural network functioning as the meta-learner.

The deep neural network consisted of multiple dense hidden layers with nonlinear activation functions. Rectified Linear
Unit (ReLU) activation was employed in hidden layers, while the Softmax function was utilized in the output layer to generate
class probability distributions. The network parameters were optimized using the Adam optimization algorithm and
categorical cross-entropy loss function.

The dataset was divided into training and testing subsets using stratified sampling, with 70% allocated for training and
30% reserved for testing. To comprehensively evaluate model performance, multiple label-based and probability-based
evaluation metrics were employed, including Accuracy, Balanced Accuracy, Precision, Recall, F1-score, Cohen’s Kappa,
Matthews Correlation Coefficient (MCC), Log-Loss, Area Under the Receiver Operating Characteristic Curve (AUROC), and
Area Under the Precision-Recall Curve (AUPRC). All experiments were repeated in 20 independent runs to improve statistical
reliability and reduce random variation effects.

Findings

The findings demonstrated that the proposed BAOA-SE-DML framework achieved exceptionally high predictive
performance in determining digital transformation change levels. The convergence analysis revealed that the BAOA algorithm
rapidly converged toward stable fitness values within early optimization iterations, indicating efficient exploration and
exploitation balance during the feature selection process. The algorithm successfully identified a stable subset of influential
digital transformation indicators while significantly reducing feature dimensionality.

Feature frequency analysis showed that the variable “digitaltransindex” had the highest selection frequency across

independent optimization runs, indicating its dominant contribution to digital transformation prediction. Other frequently
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selected variables included research and development intensity, financial support, executive education level, and
infrastructure-related indicators. These findings suggested that technological investment, managerial capability, and
organizational infrastructure represent core determinants of digital transformation maturity.

Among the classification models, the Bagging classifier achieved the highest overall predictive performance. The model
obtained an Accuracy value of 0.9995, Balanced Accuracy of 0.9995, Recall of 0.9995, Precision of 0.9992, and F1-score of
0.9994. Additionally, Bagging achieved the lowest Log-Loss value of 0.0048, indicating highly reliable probabilistic predictions.
AdaBoost also demonstrated near-perfect performance with Accuracy and Fl-score values exceeding 0.9990.

The Random Forest classifier produced highly stable results with an Accuracy of 0.9988 and AUROC value of 1.0, confirming
strong discriminative capability across transformation classes. XGBoost, although slightly weaker than the other ensemble
methods, still produced highly competitive results with an Accuracy of 0.9951 and F1-score of 0.9928.

The stacked ensemble deep meta-learning framework (STACK) achieved highly robust performance with an Accuracy value
of 0.9985, Balanced Accuracy of 0.9982, MCC of 0.9966, and AUROC of 1.0. The deep meta-learner effectively captured
nonlinear relationships among the outputs of the base classifiers and generated highly accurate final predictions. The
extremely high AUROC and AUPRC values across models confirmed the strong discriminative power and reliability of the
proposed framework.

The evaluation metrics demonstrated that the proposed hybrid architecture not only improved classification accuracy but
also enhanced prediction stability, probabilistic calibration, and class separability. The results consistently indicated that
integrating intelligent feature selection with stacked ensemble deep learning substantially improved digital transformation
prediction performance compared with individual base learners.

Discussion and Conclusion

The findings of this study demonstrated that integrating Binary Archimedes Optimization Algorithm with stacked ensemble
deep meta-learning provides a highly effective framework for predicting digital transformation levels in organizations. The
exceptional performance of the proposed model confirmed the importance of combining intelligent feature selection with
ensemble learning architectures in handling complex organizational datasets. By reducing data dimensionality and removing
irrelevant features, the BAOA algorithm enhanced model interpretability, stability, and predictive capability.

The results also highlighted the effectiveness of heterogeneous ensemble learning strategies in extracting complementary
patterns from multidimensional organizational data. The strong performance of Bagging, Random Forest, and AdaBoost
indicated that variance reduction and ensemble aggregation mechanisms are highly beneficial for digital transformation
prediction tasks. Moreover, the deep neural network meta-learner successfully captured nonlinear dependencies among the
outputs of base classifiers, resulting in superior predictive accuracy and robust classification performance.

From a managerial perspective, the proposed framework provides organizations with a powerful analytical tool for
assessing digital transformation readiness and identifying critical transformation drivers. The ability to accurately predict
transformation levels can support strategic planning, technology investment prioritization, and resource allocation decisions.
Organizations may also use such intelligent systems to identify weaknesses in digital infrastructure, managerial capability,
and innovation capacity before implementing large-scale transformation initiatives.

The study further demonstrated the growing importance of artificial intelligence and machine learning technologies in

modern organizational transformation processes. Intelligent predictive systems can significantly improve organizational
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adaptability, strategic agility, and data-driven decision-making in highly competitive digital environments. The integration of
feature optimization, ensemble learning, and deep meta-learning may therefore represent an important direction for future
digital transformation analytics and intelligent organizational management systems.

Overall, the proposed BAOA-SE-DML framework achieved highly reliable and stable predictive performance while
effectively handling the complexity and multidimensionality of digital transformation datasets. The findings confirmed that
combining metaheuristic optimization techniques with advanced ensemble deep learning architectures can substantially
improve organizational digital transformation prediction and provide a robust foundation for intelligent decision-support
systems in future digital enterprises.
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Feature Selection Pattern across 20 Runs
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Accuracy over 20 Runs Boxplot for Accuracy
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Kappa over 20 Runs Boxplot for Kappa
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MCC over 20 Runs Boxplot for MCC
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AUROC over 20 Runs
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