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In today’s rapidly evolving innovation landscape, managing intellectual assets and
assessing their maturity plays a crucial role in gaining competitive advantage, creating
value, and achieving organizational success. Therefore, this research aims to present a
predictive model for the maturity of intellectual capital in knowledge-based firms
located in industrial parks. This model employs a hybrid approach that integrates
Multi-Layer Perceptron (MLP) artificial neural networks with genetic algorithms and
firefly algorithms. The research is applied-developmental in nature, descriptive-
modeling in methodology, and mixed-methods (qualitative and quantitative) in data
type. The qualitative sample consisted of 12 experts and specialists selected through
snowball sampling, while the quantitative segment included 212 knowledge-based
companies chosen using stratified random sampling. Data collection tools included a
review of scientific literature, specialized interviews, and standardized questionnaires.
After assessing the validity and reliability of the questionnaires, the data were analyzed
using the Delphi method, confirmatory factor analysis, MLP neural networks, and their
combinations with genetic algorithms and firefly algorithms. SPSS, PLS, and Python
software were utilized for this purpose. The results indicated that all models examined
were capable of predicting the maturity level of intellectual capital. However, the
hybrid model combining neural networks with the firefly algorithm demonstrated
significantly better and more accurate performance in predicting intellectual capital
maturity levels, achieving evaluation metrics of 95.35% accuracy, 94.35% precision,
95.35% recall, 94.41% F1-score, and an AUC of 0.996.

Keywords: Intellectual Capital Maturity, Artificial Neural Networks, Genetic
Algorithm, Firefly Algorithm

Introduction

The knowledge-based economy is based on the production, distribution, and application of
knowledge and information, where investment in knowledge is considered the main driver of economic
growth and the creation of wealth and employment (Hanafi Neiri et al., 2023; Gunawan, 2015).
Knowledge-based companies play a central role in the commercialization of research and development
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achievements (Van & Chrom Jakova, 2024). These companies generate profitability by commercializing
innovative ideas, and in Iran, more than 8,000 knowledge-based companies operate in various fields of
technology (Statistics from the Comprehensive Knowledge-Based System, 1402 [Persian calendar year]).
In this economy, knowledge and intellectual capital are considered a fundamental competitive advantage
for organizations (Wang, 2021; Anderson et al., 2017). Intellectual capital is defined as “knowledge that
creates value for an organization,” and its development is the main goal of companies’ performance,
creating value through the combination of human capital, structural capital, and relational capital (Haddin
& Zakiah, 2022). Given global competition, the recognition, evaluation, and measurement of intangible
assets and intellectual capital are essential as a source for sustainable growth (Ranaei Kordshouli et al.,
2016). Evaluating intellectual capital helps stakeholders make sound decisions and helps countries assess
their capabilities to participate in the knowledge revolution (Rossi et al., 2018; Rezaeian et al., 2011). The
competitive advantage of organizations also depends on the maturity of intellectual capital (Rajabpour &
Babashahi, 2020). Assessing and determining the level of intellectual capital maturity is the first step in
this direction (Nejat et al., 2022). Intellectual capital maturity represents the ideal state of an organization
in leveraging its hidden potential to increase organizational productivity (Salmani et al., 2019). Various
models have been presented for evaluating intellectual capital maturity, but most of them are purely
theoretical (Chaudhuri et al., 2018). Measurement systems should reflect the commercial value of
intellectual capital (Vaz et al., 2018; Yuan et al., 2021). Studies show that intellectual capital and its
dimensions have a non-linear and dynamic approach in organizations (Grami et al., 2022; Liu & Kwhe,
2022; Xu & Zhang, 2021; Asif et al., 2021; Sardo & Seraschiro, 2018; Bratianu, 2017; Nejat & Karimi
Khozan, 2019). Predicting the level of intellectual capital maturity is complex due to the non-linear
relationships present (Yuan et al., 2021) .Machine learning techniques are suitable for predicting non-

linear data (Mirzaei & Douaei, 2019). This article seeks to predict the maturity of intellectual capital in
knowledge-based companies by combining artificial neural networks with metaheuristic algorithms,
specifically using genetic and firefly algorithms to train artificial neural networks in order to provide a
suitable and efficient system for predicting the level of intellectual capital maturity.

Methodology

This research is applied-developmental in terms of its objective, descriptive-modeling in terms of
its method, and mixed (qualitative and quantitative) in terms of its data type. In the qualitative section, the
statistical sample included 12 experts and specialists who were selected using a snowball sampling
method. In the quantitative section, 212 knowledge-based companies were selected using stratified
random sampling. Data collection tools included reviewing scientific texts, expert interviews, and standard
questionnaires. The validity and reliability of the questionnaires were examined, and the data were
analyzed using the Delphi method, confirmatory factor analysis, MLP neural networks, and their
combinations with genetic and firefly algorithms. SPSS, PLS, and Python software were used for this
purpose.

To identify the factors affecting the intellectual capital of knowledge-based companies
(independent variable), a review of the literature, company documents, interviews with experts, and a
researcher-made questionnaire were used. Initially, information was gathered through library research and
research notes, and then the opinions of experts were collected and consensus was reached using semi-



m Rahimi, Dejpasand & Khodabakhshi Decision Science and Intelligent Systems, 1:2 (2024) 1-21

PUELISLLING INSTUTUTE

structured interviews and the Delphi approach. Finally, data were collected through a researcher-made
questionnaire with a five-point Likert scale.

The Genetic Algorithm (GA) is a randomized metaheuristic technique inspired by the natural
phenomena of selection and population evolution, focusing on the survival of the fittest individual. The
Firefly Algorithm (FA) is a nature-inspired optimization method that models the mating behavior of
fireflies.

Findings

The results showed that all the models examined were able to predict the level of intellectual capital
maturity. However, the combined model of neural network with the firefly algorithm showed significantly
better and more accurate performance in predicting the level of intellectual capital maturity with the
following evaluation criteria:

Accuracy=95.35%

Precision=94.35%

Recall=95.35%

F1-score=94.41%

AUC=0.996

Confirmatory factor analysis also showed that all the main dimensions of intellectual capital
(human capital, structural capital, relational capital, and innovation capital) were confirmed, and the
Cronbach’s alpha coefficient above 0.7 indicates good internal consistency.

Of the 212 companies examined, 62% had a first level of maturity (initial or starting process), 19%
had a second level of maturity (planned or managed process), 13% had a third level of maturity
(established or defined process), 5% had a fourth level of maturity (managed or quantitatively managed
process), and only 1% had a fifth level of maturity (optimized or optimal process).

Discussion and Conclusion

This research showed that using combined models based on artificial neural networks and
metaheuristic algorithms, especially the firefly algorithm, can significantly increase the accuracy and
efficiency of predicting the level of intellectual capital maturity in knowledge-based companies. This
model can be used as an effective tool for managers in making strategic decisions and planning in the field
of intellectual capital management.

Suggestions:

o Expanding this model to other industries and evaluating its capabilities in non-knowledge-based
companies.

e Training managers and employees on the importance of intellectual capital and the application of
intelligent machine learning models.

« Creating a database of intellectual capital data to continuously update the model.

e Continuously analyzing and improving the model using new data and other metaheuristic
algorithms.

« Facilitating knowledge and technology transfer processes.



« Continuous collaboration with universities and research centers.
These suggestions can help increase innovation and competitiveness of knowledge-based
companies in the market.
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