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Abstract: This paper reviews the current state of research on generative AI both domestically and internationally, exploring its 

potential applications and challenges across various fields. In education, generative AI enhances students' academic writing 

skills and learning outcomes by providing personalized learning support. In design, it facilitates personalized and innovative 

creations, enabling designers to generate novel ideas through algorithms. Additionally, the application of generative AI in 

psychology reveals the complex relationship between emotion analysis and social behavior, while in computer vision, it 

advances facial recognition technology. However, with the widespread use of generative AI, ethical and social responsibility 

issues are increasingly prominent. This paper emphasizes the importance of establishing appropriate regulations and legal 

frameworks to ensure the authenticity and morality of generated content, making this a key focus for future research. Overall, 

generative AI is profoundly transforming research and practice in various fields, and future studies must pay greater attention 

to its social impact and technological responsibilities.  
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1 INTRODUCTION 

In recent years, with the rapid advancement of deep 

learning technology, face synthesis and editing techniques 

based on generative models have made significant progress. 

Generative models such as Generative Adversarial Networks 

(GANs), Variational Autoencoders (VAEs), and Diffusion 

Models have become crucial tools in driving this field 

forward. These technologies can learn from vast amounts of 

facial data to generate highly realistic face images or edit and 

modify existing images, demonstrating significant technical 

potential and broad application prospects. 

The study of face synthesis and editing technology has 

profound social implications, covering various fields such as 

film and entertainment, identity verification, and medical 

image processing. However, alongside the development of 

these technologies come a series of challenges and issues. 

How can the authenticity and diversity of synthesized images 

be ensured? How should we address the ethical concerns 

raised by the malicious use of generative face technology? 

This paper aims to review the development of face synthesis 

and editing technology based on generative models, 

analyzing its technical principles, recent advancements, and 

application scenarios. 

2 THEORETICAL FOUNDATION 

2.1 MACHINE LEARNING AND DEEP LEARNING 

THEORY 

The core technology behind generative AI relies on 

machine learning and deep learning algorithms, particularly 

Generative Adversarial Networks (GANs) and Variational 

Autoencoders (VAEs). GANs consist of two neural networks: 

a generator and a discriminator. Through adversarial training, 

the generator continuously improves the quality of the 

generated content (Goodfellow et al., 2014). VAEs, on the 

other hand, learn the data distribution through encoding and 

decoding processes to generate new samples (Kingma & 

Welling, 2014). These algorithms enable generative AI to 

create highly realistic and creative content, from images to 

various text-based applications. 

2.2 AI AND APPLICATIONS OF LARGE LANGUAGE 

MODELS (LLMS) 

With the rapid development of artificial intelligence (AI) 

technology, large language models (LLMs) have 

demonstrated strong application potential in various fields. 

Mo et al. (2024) proposed a text generation detection method 

based on the Transformer deep learning algorithm, which can 

effectively identify content generated by LLMs[1]. This 

research not only showcases innovation in AI for text 

generation but also reveals potential risks and detection 
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challenges in data generation. By combining the Transformer 

architecture, the researchers were able to enhance detection 

accuracy, providing important technical support for future AI 

applications. 

Additionally, AI has played a significant role in 

improving government efficiency and public trust. Qin and Li 

(2024) explored the application of LLMs in government 

governance, noting that they help optimize decision-making 

processes and enhance public trust in the government[2]. 

Through automated analysis and decision recommendations, 

LLMs offer new methods for government work, increasing 

the efficiency and transparency of public services. In the 

healthcare field, further research has been conducted on the 

application of domain-specific language models in precision 

medicine[3]. They pointed out that by integrating expertise 

from the medical field, LLMs can support clinical decision-

making, thereby improving diagnostic accuracy. This LLM-

based medical application demonstrates the tremendous 

potential of AI technology for transforming the future of the 

healthcare industry. 

In addition to text generation and analysis, AI 

technology also plays an important role in the high-precision 

measurement of geometric parameters. For instance, 

geometric measurement techniques based on binocular stereo 

vision demonstrate the broad application prospects of AI 

technology in the fields of metrology and detection[4]. 

Through this technology, researchers are able to measure the 

geometric parameters of complex objects more accurately, 

driving the development of related fields. 

These studies indicate that the application of AI and 

large language models has transitioned from theory to 

practice, providing strong support for innovation and 

efficiency enhancement across various industries. However, 

with the widespread application of AI technology, related 

ethical and social issues are increasingly coming to the 

forefront, necessitating strengthened regulation and safety 

measures alongside technological development[5]. Future 

advancements in AI technology need to pay more attention to 

its social impact to ensure responsible use and sustainable 

development of the technology. 

2.3  COGNITIVE SCIENCE THEORY 

In the field of psychology, the application of generative 

AI is also influenced by cognitive science theories. Cognitive 

Load Theory (Sweller, 1988) emphasizes the complexity of 

information processing during the learning process. 

Generative AI can help students alleviate cognitive load by 

providing personalized and intelligent learning support, 

thereby improving learning outcomes. Additionally, 

emotional theories, such as Ekman’s Basic Emotions Theory, 

provide a foundation for the application of generative AI in 

emotion recognition and analysis, helping researchers 

understand the expression and response of human emotions. 

2.4 EDUCATIONAL TECHNOLOGY THEORY 

According to Constructivist Learning Theory (Piaget 

1976 & Vygotsky 1978) in education, students are central 

players who actively construct knowledge. They argue that 

learning is not simply a matter of passively absorbing 

information but an evolutionary, iterative, interactive process 

whereby learners constantly revise and extend their existing 

knowledge and experience in order to develop new levels 

[Sfard & Linchevski]. The Zone of Proximal Development 

(ZPD) is precisely what we are seeing in Vygotsky's 

conception, which expands on the role of social interaction 

and scaffolding i.e., learners can do more with the help of 

both guidance and support. 

Finally, and we promised this would be short, 

generative AI is consistent with a constructivist view that an 

engineering tool should make you think. AI provides instant 

feedback on work, enabling students to learn and correct in 

real-time. For example, AI-driven writing assistants can help 

students identify errors — including grammar and 

punctuation mistakes — as well suggest how to correct them 

(or even provide examples for better phrasing or smoother 

structure); allowing students to hone their writing skills 

through repeat exposure. Also, generative AI provides 

personal learning experiences and can adjust to fit the 

individual needs of the user, which facilitates helping identify 

where you might need more practice or has access to other 

examples that explain the topic differently. This type of 

customized feedback helps students engage deeply with the 

material and construct their own knowledge, which is a key 

tenet of constructivist theory. 

This conceptual groundwork also argues for the broader 

uptake of generative AI in ed tech — especially where it 

might enhance students' facility with writing. Generative AI, 

by suggesting what to write about, correcting grammatical 

mistakes and improving vocabulary selection is not just a 

mechanical writing assistance tool; it also encourages higher-

level skills like critical thinking or imaginative literary 

expression. The one-on-one attention is what makes the 

students better learners and they can understand how to be 

responsive toward the content, take ownership of their 

learning process and become confident to reconstruct writing. 

In this way, generative AI has the potential to revolutionize 

education by making learning both more interactive and 

accessible, thus embodying the principles of constructivist 

learning theory. 

2.5 DESIGN THEORY 

Generative Design Theory (McCormack et al., 2019) 

emphasizes the integration of technology and creativity, 

aiming to support designers in generating innovative design 

solutions through algorithms. Traditional design processes 

often rely on a designer's intuition, experience, and manual 

skills. However, with generative design, algorithms introduce 

a new form of collaborative design, where the technology 

becomes an active participant in the creative process. The 

core idea behind this theory is that algorithms are not merely 

tools but contributors to creativity, capable of complex 
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computations and simulations that extend the boundaries of 

human imagination, opening up new possibilities for 

innovation. 

The application of generative AI in the design field, 

particularly in fashion design and architectural design, 

vividly demonstrates the potential of algorithms in the 

creative process. In fashion design, generative AI can analyze 

vast amounts of historical designs and trends, offering fresh, 

innovative combinations and designs that may not have been 

explored by human designers alone. Similarly, in 

architectural design, AI can optimize structural integrity and 

aesthetics while also considering environmental factors, thus 

pushing the boundaries of creative problem-solving in ways 

that were previously unimaginable. By combining human 

creativity with machine intelligence, generative AI is 

revolutionizing the design industry, fostering innovation and 

transformation in both artistic and functional aspects of 

design. 

2.6 ETHICAL AND SOCIAL THEORY 

The development of generative AI has also sparked 

extensive discussions on ethical and social impacts. The 

authenticity, morality, and potential misuse of generated 

content (such as deepfake technology) have become focal 

points for researchers (Zhou et al., 2020). Ethical theories, 

such as Rawls' Theory of Justice, provide theoretical support 

for establishing usage norms and legal frameworks for 

generative AI, promoting the responsible use of technology. 

3 LITERATURE REVIEW 

3.1 PRACTICAL APPLICATIONS 

(1) Virtual Sample Generation 

Tomar & Kumar proposed a method for single-sample 

face and ear recognition based on virtual sample generation 

and 2D local patches in their research. The study addressed 

the issue of insufficient samples in traditional biometric 

technology by enhancing recognition system performance 

through the generation of virtual samples [6]. This approach 

can improve system accuracy even with a small number of 

training samples, offering new insights for future biometric 

technologies. By using 2D local patch techniques, the 

research not only achieved good results in facial recognition 

but also attempted to apply the method to ear recognition for 

the first time, demonstrating the potential of ear features in 

biometric identification. 

(2) Facial Recognition Systems 

Another related study explored the application of facial 

recognition technology in contactless smart attendance 

systems. With the impact of the pandemic, traditional 

contact-based attendance methods have gradually been 

replaced, and contactless attendance systems have gained 

increasing attention from businesses and schools. One study 

proposed an intelligent attendance system combining facial 

recognition with QR code scanning technology. The main 

advantage of this system lies in its ability to improve 

attendance efficiency while reducing potential health risks 

associated with contact-based operations [7]. The system 

demonstrated good scalability and accuracy in large-scale 

deployments, indicating the broad potential of facial 

recognition technology in everyday life. 

(3) Security and Access Control 

In a recent release, Nabla Works Corp. introduced a 

facial recognition-based access control solution. The system 

scans the faces of individuals entering a facility through 

cameras and compares the captured images with information 

in a real-time database, quickly and accurately verifying their 

identity [8]. The advantage of such systems is the reduced 

time cost of manual identity verification, significantly 

improving security, particularly for managing large-scale 

venues. However, despite the great potential demonstrated by 

facial recognition technology, privacy concerns have 

gradually gained attention. 

(4) Medical De-anonymization 

Related to this is Bou Hanna et al.'s study on the risks 

of de-anonymization in PET (Positron Emission Tomography) 

imaging. Although the research primarily focuses on the 

medical imaging field, it highlights the importance of facial 

features in de-anonymization [9]. By analyzing PET scan data 

from 853 patients, the study demonstrated the potential for 

restoring patient identity through facial features, which poses 

challenges regarding privacy and security in the application 

of facial recognition technology. The study serves as a 

reminder that while pursuing technological advancement, 

privacy protection must also be considered, especially in the 

medical field, where de-anonymization technologies may 

have unintended consequences. 

(5) Research on the Autism Spectrum Disorder (ASD) 

Beyond facial recognition technology, biometric 

research has extended to applications in special populations, 

such as children with Autism Spectrum Disorder (ASD). 

Ludyga et al. explored the acute effects of physical activity 

on gaze fixation and emotion regulation in children with ASD 

[10]. While the study mainly focuses on the cognitive and 

emotional impacts of physical activity on ASD children, its 

results may have implications for future applications of facial 

recognition technology in special education. By studying 

gaze fixation patterns in ASD children, future facial 

recognition systems could be specially optimized for this 

group to better serve personalized needs in the education and 

healthcare fields (Ludyga et al., 2024). 

3.2 THEORETICAL OPTIMIZATION 

(1) Facial Recognition Models 

Wang et al. proposed a robust facial recognition model 

based on sample mining and loss functions. In traditional 

facial recognition tasks, imbalanced data and variations in 
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sample difficulty often affect model accuracy. This study 

introduced sample mining techniques to selectively focus on 

more challenging samples during training, while optimizing 

the model with a combination of multiple loss functions, 

significantly enhancing the robustness of facial recognition 

[11]. The method is particularly effective in handling large-

scale datasets and facial recognition tasks in complex 

environments, offering new possibilities for applying facial 

recognition technology across various scenarios. 

(2) Video Facial Recognition 

In the area of facial recognition anti-spoofing 

technology, Muhammad et al. developed an anti-spoofing 

method based on salient video summarization. As facial 

recognition technology becomes more widespread, methods 

to deceive these systems have become increasingly 

sophisticated, particularly using photos or videos for 

impersonation attacks. This research analyzed salient regions 

in videos to generate video summaries and constructed an 

anti-spoofing model based on this information, which can 

effectively detect forged faces [12]. This method improves 

system security while maintaining efficient recognition 

capabilities with reduced computational complexity. 

(3) Access Control Optimization 

Nabla Works Corp. continued its exploration of facial 

recognition technology in access control applications. In 

another study, Nabla Works Corp. introduced an innovative 

access control solution that enhances the security and 

management efficiency of corporate facilities using facial 

recognition technology [13]. The solution further optimized 

the speed and accuracy of facial recognition, highlighting the 

broad potential of this technology in industrial applications. 

(4) Dual-View Visual Fusion Model 

Additionally, Liu et al. (2024) proposed an improved 

YOLO-V7 intelligent elevator facial recognition model based 

on dual-view visual fusion. YOLO (You Only Look Once) is 

a widely used deep learning model for object detection. This 

study integrated dual-view visual information fusion 

technology to further improve the recognition accuracy and 

speed of the YOLO-V7 model in elevator environments [14]. 

As smart elevator systems are part of the Internet of Things 

(IoT), accuracy and efficiency are crucial for user experience. 

This research provides valuable insights into the future 

application of facial recognition technology in smart 

buildings. 

(5) Facial Deformation Factor Prediction 

Cai et al. proposed a facial deformation factor prediction 

model based on feature interaction, designed to restore altered 

facial images of accomplices. In some situations, criminals 

may use facial deformation techniques to hide their identities. 

This research analyzed the interactions between facial 

features to build a prediction model capable of removing 

facial deformations, thereby restoring the true facial image 

[15]. This technology holds significant value in judicial and 

security sectors, aiding law enforcement in identifying 

criminal suspects with greater precision. 

3.3  APPLICATIONS IN VARIOUS FIELDS 

Researchers have explored the potential and 

applications of facial recognition technology in education, 

design, psychology, computer vision, and more. A literature 

review reveals that the auxiliary role of generative AI in 

complex tasks is increasingly recognized, with its 

contributions to enhancing productivity and creativity widely 

noted. 

(1) Education 

Parker et al. investigated the role of AI in teaching 

doctoral-level writing, exploring how generative AI supports 

students in negotiating meaning during complex writing tasks 

[16]. The study showed that AI tools help students enhance 

their understanding and expression in academic writing, 

providing new strategies for teaching. This finding 

underscores the significant potential of generative AI in 

education, particularly in promoting student autonomy in 

learning. 

(2) Design and Fashion 

Kalinin et al. introduced a generative AI-based style 

recommendation system that enhances user experience by 

detecting and classifying fashion items. This system not only 

recommends suitable fashion combinations automatically but 

also allows for personalized adjustments based on user 

preferences, demonstrating the practicality and innovation of 

generative AI in the fashion industry [17]. In architectural 

design, He et al. explored the integration of generative AI 

with Building Information Modeling (BIM), proposing an 

automated and intelligent structural design process [18]. This 

study suggests that generative AI can optimize design 

processes, improving both the quality and efficiency of 

designs, thus bringing transformative change to the 

architecture industry. 

(3) Psychology 

He et al. examined the impact of situational factors on 

the detection of aversive facial expressions in individuals 

with social anxiety, revealing the key role of emotional 

intensity in facial expression recognition [19]. This research 

provides new perspectives on understanding social anxiety 

and emotional expression, pointing to the potential 

application of generative AI in emotional analysis. Rodrigo 

et al. conducted a comprehensive comparison of Vision 

Transformers (ViTs) and Convolutional Neural Networks 

(CNNs) in facial recognition tasks, showing that each model 

performs differently in various scenarios [20]. This research 

provides theoretical support for selecting the appropriate 

model and contributes to the development of facial 

recognition technology. 

(4) Human Resources in Enterprises 

Gaur et al. implemented a facial recognition-based 
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attendance monitoring system, combining multiple biometric 

modalities with MTCNN for facial detection. This system 

demonstrated the effectiveness of generative AI in real-world 

applications, promoting intelligent attendance management 

[21]. In facial recognition studies, Moore et al. explored the 

role of expectations and individual variability in prospective 

memory, showing that expectations significantly influence 

facial recognition [22]. This research further uncovers the 

cognitive psychology mechanisms behind facial recognition, 

providing a foundation for future studies. Śliwiak and Shah 

proposed a text generation method to enhance the recognition 

of complex vocabulary, highlighting generative AI’s 

potential in natural language processing. This approach offers 

new tools and methods for language learning and vocabulary 

instruction, showcasing the cross-domain application value 

of generative AI [23]. 

3.4 LITERATURE REVIEW 

In recent years, facial recognition technology has made 

significant progress across multiple fields. Its applications 

have extended beyond attendance and security control in 

daily life, also impacting fields such as medicine and special 

education. In the realm of virtual sample generation, Tomar 

and Kumar proposed a single-sample recognition method 

combining two-dimensional local patches, effectively 

addressing sample scarcity issues in biometrics. This method 

performed well in both facial and ear recognition, offering 

new ideas for the future development of biometric technology. 

Additionally, research on contactless intelligent attendance 

systems (IJEAT, 2024) showed the potential of facial 

recognition in improving efficiency and reducing health risks. 

In security, Nabla Works Corp. (2024) optimized 

personnel management processes through a facial 

recognition-based access control solution, enhancing both 

security and management efficiency. However, privacy 

concerns associated with such technologies remain an 

important issue. Moreover, Bou Hanna et al. (2024) 

highlighted the potential privacy risks posed by facial 

recognition technology in medical imaging de-identification, 

presenting new challenges for its application in the medical 

field and emphasizing the need for enhanced privacy 

protection alongside technological advancements. 

Facial recognition technology has also shown potential 

in studies involving specific populations, such as Ludyga et 

al. (2024), who researched gaze fixation and emotional 

responses in children with Autism Spectrum Disorder (ASD), 

inspiring potential applications of facial recognition in special 

education. On the theoretical side, Wang et al. (2024) 

proposed a robust facial recognition model through sample 

mining and innovative loss functions, while Muhammad et al. 

(2024) effectively addressed disguise attacks with their anti-

spoofing technology based on salient video summarization. 

These studies provide a solid foundation for the future 

optimization and application of facial recognition technology. 

 

4 CONCLUSION 

Generative AI, as a cutting-edge technology, is 

profoundly changing research and practice across multiple 

fields. Through a review of the current state of research both 

domestically and internationally, it is evident that generative 

AI not only demonstrates wide application potential in areas 

such as education, design, psychology, and computer vision, 

but also promotes the development of related theories. In the 

field of education, the application of generative AI provides 

students with personalized learning support, facilitating 

improvements in academic writing skills. The introduction of 

this technology not only alleviates students' cognitive burden 

but also enhances their active learning abilities, showcasing a 

new direction for the development of educational technology. 

In the design field, generative AI fully leverages creativity to 

advance the realization of personalized and intelligent design, 

enabling designers to generate innovative solutions with the 

help of algorithms. 

In the research on sentiment analysis and social 

behavior, the complex relationship between human emotions 

and AI technology is revealed, providing new perspectives 

for emotional understanding and human-computer interaction. 

Additionally, research in the field of computer vision further 

advances facial recognition technology, demonstrating the 

effectiveness of generative AI in practical applications. 

However, the application of technology still faces ethical and 

social challenges. Ensuring the authenticity and morality of 

generated content, as well as preventing potential misuse, are 

important directions for future research. Therefore, 

establishing corresponding regulations and legal frameworks 

to promote the responsible use of technology will be key to 

fostering the healthy development of generative AI. The 

research and application of artificial intelligence are rapidly 

advancing, and its impact on various sectors of society will 

continue to deepen. Future research needs to focus more on 

ethical issues and social responsibilities, exploring how to 

ensure that generative AI contributes positively to society 

while bringing innovation and efficiency. With ongoing 

technological advancements, generative AI will undoubtedly 

continue to lead transformations and innovations in multiple 

fields. 
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