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5 1 50 random trainlm 0.46 0.87 11 | 0.00.07
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noun | Number ofy|  Number Daia' training MSE R | Epoch Time
hidenn of | divisien algorithm
layer neurons function

1 1 109 “random trainbr 0.62 | 0.86 20 | 0.00.02

2] 1| — 15[ random|  trainbr| 038| 078] 14| 00005]

3 1 30 | random trainlm | 0.0892 1 90 | 0.01.03

4 1 50 random trainlm 0.72 | 0.86 10 | 0.00.04

5 2 35,12 random trainlm 0.081 1 12 | 0.01.18

6 2 60,80 | random trainbr 0.081 1 23| 0.01.34

7 2 16,10 | random trainscg 0.087 | 0.99 32| 0.01.02

8 & 3 20,155 | random Trainscg 0.090 | 0.99 25| 0.02.03




Error Histogram with 20 Bins Best Validation Performance is 0.38212 at epoch 8
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o Number of Data training

noun | of <hidenn L. algorithm MSE R | Epoch Time
N neurons | division -

layer function
1 1 10 | Random trainbr 0.67 0.81 19 | 0.00.01
2 1 20 | Random trainbr 0.37 0.86 25| 0.00.05
3 1 45 | Random trainlm 0.42 0.95 14 | 0.00.04
4 1 50 | Random trainlm 0.30 | 0.90 14 | 0.00.04
5 2 12,63 | Random trainlm 0.68 0.78 12 | 0.01.10
6 2 10,150 random trainbr 0.81 0.65 \Y | 0.02.10
7 2 10,35 random trainscg 0.78 0.89 #Y | 0.02.02
8 3| 100,25,30 random trainscg 0.90 | -0.89 Yy | 0.02.43




Error Histogram with 20 Bins Best Validation Performance is 0.30647 at epoch 8
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Abstract

This study aims to design and develop an innovative hybrid model based on Structural Equation
Modeling (SEM) and Artificial Neural Networks (ANN) to model the creativity training process in
industrial design education. The research seeks to identify the key, components influencing creativity
training and provide a predictive framework to enhance curriculum,quality in this field.

To achieve this, a combined SEM-ANN approach was implemented. Initially, Structural Equation
Modeling was used to analyze the causal relationships between the*four main components of Torrance’s
creativity model: fluency, flexibility, originality, andselaboration. SEM helped identify the critical
variables within these components that have the stronges\“effect on creativity development. These
significant factors were subsequently used as inputs for\an Artificial Neural Network employing a
multilayer perceptron (MLP) architecture, with, the Levenberg—Marquardt algorithm applied for
training the network. The study’s population consisted of 528 industrial design students from multiple
universities across Irap. Data collection wass€arried out through a questionnaire specifically designed
by the researchers for this,purpose: \

SEM analysis revealed thaty three fcomponents—generating numerous ideas ($=0.449, p<0.05),
producing diverse ideas (=0.3035%<0.01), and generating original ideas (p=0.181, p<0.05)—had the
most significant influence an_creativity training. The ANN demonstrated considerable accuracy in
predicting thefimpact of scurricular, elements on each component, with two models achieving a mean
squared error (MSE) of 0.30 and/a correlation coefficient (R) of 0.90, and a third model with MSE of
0.38 and R 0f\0.78. Cemparative analysis showed that project-based courses played the most prominent
role imvfostering creativity, whereas technical courses had the least impact.
N\

This researchdis groundbreaking in that it introduces the first domain-specific model in the field of
industrial design education that integrates the interpretative capabilities of SEM with the predictive
power of ANN. By combining these two methodologies, the hybrid model overcomes the individual
limitations of each technique and offers a flexible, adaptive learning framework capable of dynamic
updates as more data become available.

The findings emphasize the necessity of focusing industrial design curricula on improving ideational
fluency, diversity, and innovation. The proposed model can serve as a practical tool for curriculum
review and forecasting the effectiveness of educational interventions. This study opens a new avenue

" The present article is derived from the first author’s doctoral dissertation titled ““ Developing and Explaining a
Creativity Teaching Model Focused on the Undergraduate Industrial Design Curriculum Using Atrtificial
Intelligence “which was conducted under the supervision of the second and third authors and with the consultation
of the fourth author at Tabriz Islamic Art University.



for applying artificial intelligence to optimize creativity-oriented education and shows that combining
statistical methods with machine learning can effectively influence the creativity training process and
help develop higher-quality curricula.

This innovative model is particularly valuable for students and instructors in industrial design, as it
helps identify strengths and weaknesses in educational programs and focus on targeted improvements.

In conclusion, this study provides valuable insights into the creative training process within industrial
design education and offers a robust predictive model that educators and, curriculum developers can
utilize to enhance learning outcomes. The combination of advanced statistical modeling with machine
learning represents a significant step forward in the application of technologysto education, enabling
more effective cultivation of creativity and innovation in future design professionals. This research also
opens promising opportunities for further exploration of Al-driven educational tools across various
disciplines focused on creative skill development.
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