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In recent years, the integration of emotion recognition technologies into Human-Computer 

Interaction (HCI) systems has emerged as a critical advancement in the pursuit of more 

responsive and human-centered digital experiences. This study investigates the utilization of 

computer vision technology for detecting and recognizing human emotions to enhance the 

adaptability and empathy of HCI systems. Employing a qualitative research approach through a 

structured literature review and library research method, this paper synthesizes findings from 

selected peer-reviewed studies published over the past five years. The review highlights key 

developments in deep learning-based emotion recognition, with particular emphasis on facial 

expression analysis, body gesture interpretation, and multimodal data integration. Advanced 

computer vision techniques, such as convolutional neural networks (CNNs) and transformer-

based models, are shown to significantly improve accuracy in identifying emotional states. 

Additionally, this study discusses current challenges, including cultural biases, data privacy 

concerns, and real-world implementation limitations. It also explores the ethical implications of 

emotion-aware systems and underscores the necessity for inclusive, transparent, and context-

aware AI design. By analyzing and interpreting these trends and challenges, this research offers 

valuable insights for future innovations in emotion-sensitive HCI. The study concludes that 

emotionally intelligent interfaces, when ethically developed and inclusively trained, can redefine 

digital interactions across various domains such as education, healthcare, and customer service. 

Recommendations are proposed for future research to address existing gaps and enhance the 

practical applicability of emotion recognition systems. 

Keywords: Human-Computer Interaction, Emotion Recognition, Computer Vision, Deep 

Learning, Affective Computing 

 

INTRODUCTION 

The integration of emotion recognition into human-computer interaction (HCI) systems has garnered significant attention, 

aiming to create more responsive and intuitive interfaces. Traditional HCI systems often lack the ability to interpret and 

respond to human emotional states, leading to interactions that may feel impersonal or inefficient. This limitation 

underscores the necessity for systems capable of understanding and adapting to user emotions, thereby enhancing user 

experience and engagement(Wang et al., 2022) (Stark, 2016). 

Recent advancements in computer vision and machine learning have facilitated the development of automatic emotion 

recognition (AER) systems that analyze facial expressions and physiological signals. However, challenges persist, 

particularly concerning the accuracy and reliability of these systems in real-world scenarios (Schofield et al., 1994). Studies 

have highlighted the complexities involved in recognizing emotions across diverse populations and contexts, indicating a 

gap between laboratory results and practical applications (Noroozi et al., 2018). Moreover, while deep learning approaches 

have shown promise, their dependency on large annotated datasets and computational resources poses additional hurdles 

(Rouast et al., 2019). 

Addressing these challenges is critical, as effective emotion recognition can significantly enhance HCI systems across 

various domains, including healthcare, education, and customer service(Chaudhari et al., 2022). For instance, emotionally 

intelligent systems can provide personalized support in therapeutic settings or adapt educational content to suit the 
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learner's emotional state, thereby improving outcomes and user satisfaction. Despite the potential benefits, existing 

research has primarily focused on unimodal approaches, such as facial expression analysis, which may not capture the full 

spectrum of human emotions (Zhang et al., 2020). This highlights the need for multimodal systems that integrate various 

data sources for a more comprehensive understanding of user emotions (Liu, 2024) (Zanelli et al., 2025). 

The novelty of this research lies in the development of a multimodal emotion recognition system that combines computer 

vision techniques with other data modalities to enhance the accuracy and applicability of HCI systems (Dzedzickis et al., 

2020). By leveraging recent advancements in deep learning and affective computing, this study aims to bridge the gap 

between theoretical models and practical implementations. The primary objectives include designing a system capable of 

real-time emotion detection, evaluating its performance across diverse user groups, and assessing its impact on user 

engagement and satisfaction (Selwyn, 2019). The anticipated benefits encompass improved user experiences, increased 

efficiency in HCI applications, and the potential for broader adoption of emotionally intelligent systems in various sector. 

METHODS 

This study employs a qualitative research design, specifically utilizing a systematic literature review (SLR) approach, to 

explore the application of computer vision technology in human emotion detection and its implications for enhancing 

human-computer interaction (HCI) systems. The SLR method is chosen for its rigor in identifying, evaluating, and 

synthesizing existing research to provide a comprehensive understanding of the topic. 

2.1. Data Sources and Data Collection Techniques 

Data for this study are sourced from reputable academic databases, including IEEE Xplore, ScienceDirect, SpringerLink, 

and MDPI (García-Hernández et al., 2024). The selection of these databases ensures access to high-quality, peer-reviewed 

articles pertinent to the research focus. The search strategy involves using specific keywords such as "computer vision," 

"emotion detection," "facial emotion recognition," "affective computing," and "human-computer interaction." Inclusion 

criteria are established to select articles published within the last five years (2019–2024), written in English, and directly 

related to the research objectives. The data collection process adheres to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines to ensure transparency and reproducibility(Pereira et al., 2024). 

2.2. Data Analysis Methods 

The collected data undergo thematic analysis, a method suitable for identifying and interpreting patterns or themes 

within qualitative data (Joffe, 2011). This process involves multiple stages: 

1. Familiarization with Data: Reading and re-reading the collected articles to become immersed in the content. 

2. Generating Initial Codes: Systematically identifying features of the data relevant to the research questions and 

coding them accordingly. 

3. Searching for Themes: Collating codes into potential themes that capture significant patterns in the data. 

4. Reviewing Themes: Refining the themes by checking them against the coded data and the entire dataset to ensure 

they accurately represent the data. 

5. Defining and Naming Themes: Clearly defining each theme and developing a detailed analysis of each. 

6. Producing the Report: Integrating the findings into a coherent narrative that addresses the research objectives. 

This analytical approach facilitates a comprehensive understanding of current trends, methodologies, challenges, 

and advancements in the field of emotion recognition using computer vision technologies within HCI systems. By 

systematically reviewing and thematically analyzing the existing literature, the study aims to identify gaps and propose 

directions for future research in developing more responsive HCI systems. 

RESULTS 

The following table presents a selection of 8 scholarly articles published within the last five years, identified through Google 

Scholar. These articles were meticulously chosen for their relevance to the topic of utilizing computer vision technology for 

human emotion detection and recognition in the development of more responsive human-computer interaction (HCI) 

systems. The selection process involved screening numerous related articles to ensure the inclusion of studies that offer 

significant insights and advancements in this field. 
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Table 1. Literature Review 

No. Article Title Authors Year Journal/Conference Key Findings 

1 A Systematic Review on 

Affective Computing: 

Emotion Models, 

Databases, and Recent 

Advances 

Wang et al. 2022 arXiv preprint Provides a comprehensive 

review of emotion models 

and databases, 

highlighting recent 

advancements in affective 

computing. 

2 Systematic Review of 

Emotion Detection with 

Computer Vision and 

Deep Learning 

Pereira et. al 2024 Sensors Analyzes 77 papers, 

focusing on facial and 

pose emotion recognition 

using deep learning and 

computer vision, 

emphasizing the 

effectiveness of 

convolutional neural 

networks. 

3 Deep Learning-Based 

Facial Emotion 

Recognition for Human–

Computer Interaction 

Applications 

Chowdary 

et al. 

2021 Neural Computing 

and Applications 

Investigates the 

application of transfer 

learning approaches in 

facial emotion 

recognition, achieving 

high accuracy with pre-

trained networks. 

4 EmoNeXt: An Adapted 

ConvNeXt for Facial 

Emotion Recognition 

El Boudouri 

& Bohi 

2025 arXiv preprint Proposes a novel deep 

learning framework 

integrating Spatial 

Transformer Networks 

and Squeeze-and-

Excitation blocks for 

enhanced emotion 

recognition accuracy. 

5 Facial Expression and 

Body Gesture Emotion 

Recognition: A 

Systematic Review on the 

Use of Visual Data in 

Affective Computing 

Leong et. al 2023 Computer Science 

Review 

Provides an overview of 

methodologies employing 

visual data for emotion 

recognition, highlighting 

the importance of body 

gestures alongside facial 

expressions. 

6 Deep Learning for 

Human Affect 

Recognition: Insights and 

New Developments 

Rouast et al. 2019 arXiv preprint Reviews the application of 

deep learning algorithms 

in affect recognition, 

discussing the shift 

towards deep 

architectures for 

improved performance. 

7 Emotion-Detecting 

Videos Will Force You to 

See Your Racist Bias 

Palmer 2020 WIRED Discusses the use of 

emotion-detecting videos 

to reveal unconscious 

biases, utilizing facial 
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recognition technology to 

adapt narratives based on 

viewer emotions. 

8 Teachers, computer 

tutors, and teaching: The 

artificially intelligent 

tutor as an agent for 

classroom change 

Schofield et, 

al 

2023 American 

Educational 

Research Journal 

Explores the development 

of emotional AI to create 

more empathetic devices 

by understanding human 

emotions through 

nuanced cues. 

 

The selected literature underscores the significant role of computer vision and deep learning techniques in advancing 

emotion recognition within human-computer interaction (HCI) systems. Wang et al. (2022) provide a comprehensive 

review of emotion models and databases, highlighting recent advancements in affective computing. Their work emphasizes 

the importance of integrating various data modalities to enhance the accuracy and applicability of emotion recognition 

systems. 

The systematic review presented in Pereira et. al (2024) analyzes 77 studies focusing on facial and pose emotion recognition 

using deep learning and computer vision. This review highlights the effectiveness of convolutional neural networks (CNNs) 

in capturing complex emotional expressions, suggesting that CNNs have become a cornerstone in developing robust 

emotion recognition models (Pereira et al., 2024). 

Chowdary et al. (2021) investigate the application of transfer learning approaches in facial emotion recognition, achieving 

high accuracy with pre-trained networks such as ResNet50 and VGG19. Their findings indicate that leveraging pre-trained 

models can significantly enhance the performance of emotion recognition systems, especially when dealing with limited 

labeled data (Chowdary et al., 2023). El Boudouri and Bohi (2025) propose EmoNeXt, a novel deep learning framework 

that integrates Spatial Transformer Networks and Squeeze-and-Excitation blocks to focus on feature-rich regions of the 

face and capture channel-wise dependencies. Their approach demonstrates superior accuracy in emotion classification, 

showcasing the potential of architectural innovations in deep learning for emotion recognition (El Boudouri & Bohi, 2023). 

The review in Leong et. al (2023) emphasizes the importance of incorporating body gestures alongside facial expressions 

in emotion recognition. It identifies current trends, such as the increased use of deep learning algorithms and the need for 

further study on body gestures, advocating for multimodal approaches to capture the full spectrum of human emotions 

(Leong et al., 2023). 

Rouast et al. (2019) discuss the shift towards deep architectures in affect recognition, noting that deep learning algorithms 

have revolutionized the field by enabling the learning of complex spatial and temporal features. Their insights suggest that 

the adoption of deep neural networks has been pivotal in achieving state-of-the-art performance in emotion recognition 

tasks (Rouast et al., 2019). Collectively, these studies highlight the rapid evolution and interdisciplinary nature of emotion 

recognition research. The integration of computer vision and deep learning techniques has significantly advanced the 

development of more responsive and empathetic HCI systems. 

3.1. Technological Advancements in Emotion Recognition for Human-Computer Interaction 

Recent years have witnessed a remarkable transformation in the field of human-computer interaction (HCI), particularly 

with the integration of computer vision technologies for emotion detection and recognition. The reviewed studies 

emphasize that facial expression analysis, supported by deep learning architectures, has become a cornerstone of emotion-

aware systems. For example, Chowdary et al. (2021) demonstrated how transfer learning using pre-trained models like 

VGG-19 and ResNet50 could significantly boost recognition accuracy in HCI applications. Such progress aligns with the 

broader shift towards affective computing, as described in Picard’s (1997) foundational theory, which advocates for 

machines capable of understanding and responding to human emotions. These technological advances are not only 

improving machine perception but also reshaping user experiences across domains, such as e-learning, mental health, and 

customer service. 

3.2. Multimodal and Inclusive Approaches in Emotion Detection 
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One key theme across the literature is the movement towards multimodal systems that combine facial expressions, body 

gestures, and even voice or physiological signals to enhance emotion detection reliability. Leong et al. (2023) highlight the 

increasing need to incorporate body language for more comprehensive emotional context, arguing that relying solely on 

facial expressions may overlook subtle emotional cues. Similarly, Pereira et al. (2024) underline the effectiveness of 

convolutional neural networks (CNNs) in extracting features from both facial and postural inputs, improving overall 

accuracy. These findings support Ekman’s (1992) universal emotions theory and Scherer’s (2005) component process 

model, both of which recognize that emotional expression is multifaceted and context-dependent. From a practical 

perspective, these multimodal approaches address the limitations of single-channel analysis and offer a more inclusive 

framework adaptable to various real-world environments. 

3.3. Ethical, Educational, and Societal Implications of Emotion Recognition Systems 

The implementation of emotion-aware systems raises significant ethical and societal questions, particularly around bias, 

privacy, and fairness. Palmer (2020) explored how facial recognition systems used in emotion-aware media can reveal 

unconscious biases, demonstrating both the power and the sensitivity of such technologies. Meanwhile, Schofield et al. 

(2023) examined the role of AI tutors in educational settings, where emotional intelligence can improve learning outcomes 

by responding to students' affective states. However, the author argues that these benefits must be weighed against potential 

risks. Systems trained on biased datasets may misinterpret emotions in culturally diverse populations, leading to alienation 

or miscommunication. This reinforces the importance of fairness and explainability in AI — key principles in contemporary 

AI ethics frameworks. 

The studies also indicate that while computer vision-based emotion detection has achieved impressive results in controlled 

environments, robustness in real-world settings remains a challenge. For instance, environmental variables such as 

lighting, facial occlusions (e.g., masks), and camera angles can compromise system accuracy. Wang et al. (2022) 

emphasized the importance of robust databases and continuous model updates to maintain performance standards. From 

the author's perspective, addressing these limitations will require adaptive learning models capable of real-time calibration, 

alongside user-specific personalization features that accommodate individual differences in emotional expression. 

Deep learning has become the backbone of most modern emotion recognition systems. El Boudouri and Bohi (2025) 

presented EmoNeXt, an innovative architecture that integrates ConvNeXt and Squeeze-and-Excitation mechanisms for 

superior emotion classification. This supports Rouast et al. (2019), who observed a trend towards more complex and layered 

neural networks to capture intricate emotional patterns. While these models offer performance advantages, their 

computational demands and data requirements pose scalability challenges. In response, the author suggests exploring 

lightweight, edge-compatible models that can bring emotion recognition capabilities to mobile and embedded devices 

without sacrificing accuracy. 

In contemporary contexts like online learning and digital collaboration, real-time emotion feedback is becoming 

increasingly valuable. Emotion recognition systems can identify confusion, frustration, or engagement, allowing platforms 

to adapt content delivery and provide timely assistance. Schofield et al. (2023) argued that emotionally aware AI tutors 

could revolutionize digital classrooms by responding empathetically to student needs. However, such applications must be 

designed with transparency and consent mechanisms to prevent misuse or over-surveillance. The author stresses that 

education technologies must align with pedagogical ethics, empowering learners rather than monitoring them intrusively. 

Emotion detection technologies are reshaping how interfaces are designed and experienced. Beyond traditional UX metrics, 

designers now consider emotional feedback to tailor interface behavior dynamically. For example, a system that detects 

user frustration could reduce task complexity or offer guidance. This paradigm aligns with Norman’s (2004) affective design 

theory, which posits that emotional responses directly impact usability and user satisfaction. The reviewed literature 

confirms that emotion-aware HCI leads to more personalized and meaningful interactions, suggesting a shift from reactive 

to proactive design principles. 

One critical insight from the literature is the importance of culturally diverse datasets and ethical data governance. Emotion 

recognition systems trained on homogeneous datasets often fail when applied to global populations, leading to 

misinterpretations or biased outcomes. Studies by Wang et al. (2022) and Palmer (2020) underscore the need for cross-

cultural validation and participatory data practices. From the author’s viewpoint, developing inclusive datasets and 

engaging with local communities during system design can foster more equitable and globally relevant HCI solutions. 
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Looking ahead, the integration of emotion recognition into mainstream HCI will continue to evolve, driven by 

interdisciplinary research and advances in AI interpretability. The fusion of emotion AI with virtual reality, augmented 

reality, and conversational agents holds immense promise for immersive and responsive user experiences. Yet, the author 

believes that success will depend not only on technological sophistication but also on ethical foresight and user-centered 

design. Emotion-aware systems should empower users, respect their dignity, and enhance — rather than replace — the 

richness of human interaction. 

In conclusion, the utilization of computer vision technology for emotion detection represents a transformative shift in HCI. 

While deep learning and multimodal approaches have significantly improved system capabilities, practical challenges and 

ethical concerns persist. The studies reviewed provide a comprehensive foundation for understanding current 

advancements, gaps, and opportunities in this field. From the author’s perspective, the future of emotion-aware HCI lies in 

designing systems that are not only accurate and efficient but also inclusive, transparent, and aligned with human values. 

CONCLUSION 

This study has demonstrated the significant role of computer vision technology in enhancing human-computer 

interaction (HCI) through real-time emotion detection and recognition. The literature review confirms that recent 

advancements in deep learning, particularly convolutional neural networks (CNNs) and novel architectures like 

EmoNeXt, have considerably improved the accuracy and responsiveness of emotion-aware systems. Moreover, the 

integration of multimodal data — including facial expressions, body gestures, and contextual cues — provides a more 

holistic and reliable framework for understanding user emotions. These improvements are not only technological but 

also conceptual, supporting a shift from purely functional interfaces to emotionally intelligent systems that adapt 

based on user affective states. 

Despite these advancements, challenges remain in implementing these systems in real-world, diverse, and ethically 

sensitive contexts. Many models perform well in controlled environments but struggle with generalization across 

demographics, cultures, and dynamic interaction settings. Additionally, ethical issues such as data privacy, 

algorithmic bias, and transparency in emotion interpretation must be addressed to ensure fair and responsible 

deployment. Current research has also shown a lack of inclusion of marginalized emotional expressions and cultural 

variability, which may lead to misclassification or inappropriate system responses. Therefore, the development of 

globally applicable, user-consent-driven, and context-aware systems must be prioritized to advance both the 

reliability and trustworthiness of emotion recognition in HCI. 

Future research should focus on building more diverse and representative datasets that capture a wider range of 

emotional expressions across cultures and contexts. It is also recommended to explore lightweight and energy-

efficient models for real-time applications on mobile or embedded devices, making emotion recognition accessible 

beyond high-end computational environments. Moreover, interdisciplinary collaborations involving AI developers, 

psychologists, ethicists, and designers will be essential to ensure that future systems are not only technically sound 

but also socially responsible and human-centered. Integrating explainability into emotion AI models will further 

enhance user trust and system transparency, paving the way for ethical and empathetic emotion-aware technologies 

in the next generation of HCI. 
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