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The aim of this research is to design an intelligent model for predicting
the maturity of intellectual capital in knowledge-based companies located
in industrial parks using machine learning algorithms. This study is
applied-developmental in purpose and descriptive-modeling in
methodology, utilizing a mixed approach for data collection. The data
were gathered through a review of the literature, interviews with experts,
and two questionnaires. For data analysis, various methods were
employed, including the Delphi method, confirmatory factor analysis, and
machine learning algorithms such as random forests, K-nearest neighbors,
decision trees, naive Bayes, and multi-layer perceptron neural networks,
using SPSS, PLS software, and various Python libraries. The results
indicated that all models were capable of predicting the level of
intellectual capital maturity; however, the multi-layer perceptron (MLP)
model outperformed the others based on several criteria, including
accuracy, precision, sensitivity, and F1 score, yielding the best results with
values of 88.37%, 89.75%, 88.37%, 86.51%, and 0.918 in the area under
the ROC curve.
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1) INTRODUCTION

In today’s knowledge-based economy, organizations’ intellectual capital is a crucial competitive
advantage. This research aims to design an intelligent model for predicting intellectual capital maturity
in knowledge-based companies located in industrial parks, using machine learning algorithms. This
study is applied-developmental in purpose and descriptive-modeling in methodology, utilizing a mixed
approach for data collection. The data were gathered through a review of the literature, interviews with
experts, and two questionnaires. The contribution of this extended abstract lies in providing an
operational framework for assessing and predicting the maturity level of intellectual capital using
machine learning algorithms, addressing the gap in existing literature regarding the limited use of
advanced technologies like machine learning in data analysis for intellectual capital maturity
assessment. Some short survey of relevant literature is also presented.

2) Solution Methid

For data analysis, various methods were employed, including the Delphi method, confirmatory factor
analysis, and machine learning algorithms such as random forests, K-nearest neighbors, decision trees,
naive Bayes, and multi-layer perceptron neural networks, using SPSS, PLS software, and various Python
libraries.

3) Equations
To enhance the accuracy and speed of machine learning models and mitigate the performance
degradation caused by using raw data, data normalization was performed based on Equation (1). This

resulted in the final dataset being normalized to the range of 0 to 1, creating a standardized dataset.
Furthermore, accuracy and precision metrics, calculated using Equations (2) and (3) respectively, were

employed to evaluate and compare the performance of each model.

(X _Xmin)(H - L)

X, =L+
" Xmax - Xmin (7)
T, + T,
Accuracy = pA L 2 ®
Precision = L
TP + FP
3)

4) Conclusion

The results indicated that all models were capable of predicting the level of intellectual capital maturity;
however, the multi-layer perceptron (MLP) model outperformed the others based on several criteria,
including accuracy, precision, sensitivity, and F1 score, yielding the best results with values of 88.37%,
89.75%, 88.37%, 86.51%, and 0.918 in the area under the ROC curve. This research demonstrates that
machine learning models, particularly multi-layer perceptron neural networks, are powerful tools for
predicting the level of intellectual capital maturity in knowledge-based companies.

5) Tables and Figures

Based on the results obtained from each of the models, their performances were compared to determine
the best model for predicting the maturity level of intellectual capital in knowledge-based companies.
The best results for each model across different methods, evaluated using accuracy, precision,
sensitivity, F1-Score, and the area under the ROC curve for the test data, are presented in Table 1 and
Figure 1.
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Table 4. Comparison of the Performance of Different Models for Predicting the Maturity Level of Intellectual Capital
Evaluation Metrics

Model Type -, Fi1- ROC-
Accuracy  Precision  Recall Score AUC
ﬁ;ic::)er?; MLP Neural Network with 1 Hidden Layer and 5 Test 88.37 89.75 88.37 86.51 0918
Random Forest (RF) n_estimators = 180 Max Depth = 10 Test 74.42 67.30 74.42 70.14 0.898
K-Nearest Neighbors (KNN) K = 4 Test 72.09 70.08 72.09 64.91 0.881
Decision Tree (DT) max_depth = 7 Test 65.12 51.69 65.12 57.55 0.882
Naive Bayes (NB) Alpha = 0.5 Test 62.79 49.07 62.79 55.07 0.870
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Figure 4: Results of Model Performance for Predicting the Maturity Level of Intellectual Capital Based on Test
Data
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