
Kristine T. Soberano et al, International Journal of Computer Science and Mobile Computing, Vol.13 Issue.12, December- 2024, pg. 47-52 

© 2024, IJCSMC All Rights Reserved, ZAIN Publications, Fridhemsgatan 62, 112 46, Stockholm, Sweden               47 

Available Online at www.ijcsmc.com 

International Journal of Computer Science and Mobile Computing 

  A Monthly Journal of Computer Science and Information Technology 

ISSN 2320–088X 
IMPACT FACTOR: 7.056 

   

IJCSMC, Vol. 13, Issue. 12, December 2024, pg.47 – 52 

Analyzing Algorithms for Sign Language 

Modeling: A Tale of Development 
 

 

Kristine T. Soberano, PhD.
1
; Patrick D. Cerna, DIT

2 

 

1,2
State University of Northern Negros, Philippines 

Corresponding Author: ksoberano@sunn.edu.ph 
 

DOI: https://doi.org/10.47760/ijcsmc.2024.v13i12.005 

 
 

Abstract: The rapid advancement of assistive technologies has revolutionized accessibility for individuals 

with disabilities, particularly through innovations in sign language recognition and modeling. Sign 

languages, characterized by intricate combinations of hand gestures, facial expressions, and body 

movements, present unique computational challenges due to their multimodal and spatially complex nature. 

This study systematically reviews the evolution of algorithms in sign language recognition, examining the 

strengths and limitations of rule-based, machine learning, and deep learning approaches. The findings 

highlight the transformative potential of deep learning models, especially multimodal systems, while 

underscoring persistent challenges such as dataset scarcity, computational demands, and regional variability 

in sign languages. By synthesizing trends and identifying gaps, this research contributes actionable insights 

to the development of inclusive, efficient, and universal sign language recognition systems, supporting global 

accessibility goals. 
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I. INTRODUCTION 

The fast-paced advancement of assistive technologies has significantly transformed how people with 

disabilities engage with their surroundings, fostering greater accessibility and inclusivity. Within this domain, 

technologies aimed at recognizing and modeling sign language stand out as particularly impactful, addressing 

the communication challenges faced by the Deaf and hard-of-hearing communities. Sign language, a vital 

communication medium for millions worldwide, relies on intricate combinations of hand gestures, facial 

expressions, and body movements to convey meaning. Unlike spoken languages, which use auditory signals, 

sign languages are visually and spatially complex, posing unique challenges for computational modeling and 

automation (Brentari, 2019). The creation of effective sign language recognition systems has the potential to 

break down communication barriers, enabling equal opportunities for social participation and aligning with 

global accessibility goals. 

The importance of these technologies goes beyond individual empowerment, offering broad societal 

benefits. Automated sign language systems can revolutionize fields like education, healthcare, and public 

services by providing real-time translation and fostering inclusivity. These innovations support international 
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initiatives such as the United Nations’ Sustainable Development Goals (SDGs), particularly Goal 10, which 

emphasizes reducing inequality and uplifting marginalized communities (United Nations, 2015). However, 

developing such systems remains challenging due to the diverse and dynamic nature of sign languages, which 

are multimodal and context-dependent. Unlike spoken or written languages, sign languages incorporate visual 

gestures with spatial and temporal dimensions, including variations in hand shapes, movements, and facial 

expressions. This complexity requires sophisticated computational methods to accurately capture and interpret 

their nuances (Camgoz et al., 2018). Adding to the challenge, sign languages are not universal; they vary 

regionally, similar to spoken languages, making it even harder to design systems with universal applicability. In 

addition to linguistic complexities, technical barriers persist. Early approaches to sign language recognition 

often relied on rule-based systems and manually designed feature extraction techniques. These methods, 

commonly paired with Hidden Markov Models (HMMs), laid the groundwork for initial recognition systems 

(Starner & Pentland, 1997). However, these systems struggled with scalability and lacked the flexibility to 

handle diverse signing styles and languages. They also failed to effectively capture the temporal dependencies 

inherent in sign language sequences, leading to limited accuracy and performance. 

Recent advancements in machine learning, particularly in deep learning, have introduced promising 

alternatives for sign language recognition and modeling. Convolutional Neural Networks (CNNs) have proven 

highly effective in image-based tasks, making them well-suited for identifying hand shapes and gestures (Koller 

et al., 2015). Similarly, Recurrent Neural Networks (RNNs) and Long Short-Term Memory (LSTM) networks 

have been utilized to understand the temporal dynamics of signing, enabling more accurate sequence 

interpretation. Despite these advances, challenges remain. Deep learning models typically require extensive 

labeled datasets for training, which are scarce in sign language research. Additionally, these models are 

computationally demanding, posing hurdles for real-time applications in resource-constrained settings. 

Integrating multimodal data—such as combining hand gestures with facial expressions and contextual clues—

has emerged as a promising direction for improving system robustness. While this approach shows potential, 

existing algorithms still fall short of achieving human-level comprehension. Factors such as variability in 

environments, differences in signing styles among individuals, and the need for compatibility across devices 

further complicate real-world implementation. 

This study aims to explore the development of algorithms for sign language recognition and modeling, 

tracing the evolution of methodologies and assessing their strengths and limitations. By identifying existing 

gaps and opportunities, this research seeks to contribute to the design of more effective, inclusive assistive 

technologies. 

 

Specifically, this study intends to answer the following questions: 

1. What algorithms are most frequently used in sign language modeling? 

2. What are the strengths and limitations of current algorithms for sign language modeling? 

 

II. METHODOLOGY 

The methodology employed in this study adheres to the principles of a Systematic Literature Review (SLR) 

to ensure a comprehensive and unbiased identification, evaluation, and synthesis of relevant studies in the field 

of sign language modeling algorithms. The process began with the definition of specific research questions to 

guide the review, such as identifying the most frequently used algorithms, evaluating their strengths and 

limitations, and analyzing the evolution of these algorithms over time. 

A predefined review protocol was established to maintain consistency and replicability. This protocol 

outlined the inclusion criteria, which encompassed peer-reviewed articles, conference proceedings, and patents 

focusing on algorithms for sign language modeling, and excluded non-English publications, studies without 

significant technical focus, and unreviewed gray literature. The review focused on studies published between 

2000 and 2023 to capture both historical and recent developments. Keywords such as "sign language modeling," 

"gesture recognition algorithms," "machine learning for sign language," and "natural language processing for 

sign languages" were used for search queries. 

 

Literature Search - involved querying multiple academic and technical databases, including IEEE Xplore, 

ACM Digital Library, SpringerLink, Scopus, and Google Scholar. Advanced search queries employing Boolean 

operators (e.g., "sign language modeling" AND "algorithm") ensured a thorough exploration of relevant works. 

The selection process involved screening titles and abstracts to filter out irrelevant studies based on the 

predefined criteria, followed by a full-text assessment to evaluate the relevance and methodological quality of 

the remaining studies. Quality assessment metrics, such as clarity of objectives, methodological rigor, and 

relevance to research questions, were applied to score the studies. 

 

Data Extraction - focused on key aspects, including algorithm types (machine learning, deep learning, or rule-

based), targeted sign languages (e.g., ASL, BSL, ISL), dataset characteristics (size, diversity, and availability), 
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evaluation metrics (accuracy, speed, robustness, and user satisfaction), and applications (real-time recognition, 

translation, avatar generation). The findings were synthesized using thematic analysis, categorizing data into 

historical trends in algorithm development, common challenges and limitations (e.g., dataset scarcity, 

computational overhead), and performance comparisons of algorithmic approaches. Quantitative metrics were 

visualized through statistical tools to identify patterns and trends, while qualitative findings were narratively 

discussed. 

 

Validation - To ensure reliability, the review process was validated through inter-rater reliability, with multiple 

reviewers independently assessing inclusion and exclusion decisions, and expert consultation to refine the 

protocol and findings. 

 

Reporting - The results were reported following PRISMA (Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses) guidelines, including a detailed flow diagram of the review process and comprehensive 

tables summarizing the findings. This rigorous methodology provides a robust foundation for analyzing 

algorithms in sign language modeling and contributes valuable insights to the field. 

 

 

 
Figure 1. PRISMA flowchart summarizing the systematic literature review process 

 

 

 

 

III. RESULTS AND DISCUSSION 

This systematic literature review (SLR) reveals critical insights into the evolution, effectiveness, and limitations 

of algorithms for sign language recognition and modeling. The findings are categorized into several themes: 

algorithm types, targeted sign languages, dataset characteristics, evaluation metrics, and application contexts. 

Below are the synthesized results: 
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Figure 2. Trends In Algorithm Use (2000–2023) 

 

Figure 2 illustrates the trends in algorithm use for sign language modeling from 2000 to 2023. It shows 

the transition from rule-based methods to machine learning and deep learning models, with a significant rise in 

multimodal approaches post-2015. Recent trends also include multimodal approaches, incorporating visual, 

contextual, and sequential data for enhanced robustness. 

 

 

Table 1. Summary of Algorithmic Approaches in Sign Language Recognition 

 

CATEGORY KEY FEATURES LIMITATIONS APPLICATIONS 

RULE-BASED 

ALGORITHMS 

SIMPLICITY, 

INTERPRETABLE 

OUTCOMES 

SCALABILITY ISSUES, 

LACK OF ADAPTABILITY 

EARLY RECOGNITION 

SYSTEMS 

MACHINE LEARNING IMPROVED ACCURACY, 

MANAGEABLE 

COMPUTATIONAL COST 

TEMPORAL DEPENDENCY 

CHALLENGES 

GESTURE-BASED 

APPLICATIONS 

DEEP LEARNING HIGH ACCURACY, 

MULTIMODAL 

INTEGRATION, 

ADAPTABILITY 

DATASET 

REQUIREMENTS, 

COMPUTATIONAL 

OVERHEAD 

REAL-TIME 

TRANSLATION, AVATARS 

  

Rule-based Algorithms are the early systems often paired with Hidden Markov Models (HMMs), were 

foundational but exhibited limited scalability and struggled to handle variability in signing styles. Traditional 

machine learning algorithms, including Support Vector Machines (SVMs) and Random Forests, improved 

performance but faced challenges with temporal dependencies. Deep Learning Algorithms were dominated by 

Convolutional Neural Networks (CNNs) for spatial feature extraction and Recurrent Neural Networks (RNNs) 

or Long Short-Term Memory Networks (LSTMs) for capturing temporal dynamics.  

 
Table 2. Dataset Characteristics 

 

CHARACTERISTIC OBSERVATION 

DATASET SIZE MAJORITY CONTAIN FEWER THAN 10,000 SAMPLES 

DIVERSITY LIMITED REGIONAL AND CONTEXTUAL REPRESENTATION 

ANNOTATION QUALITY VARIES SIGNIFICANTLY, MULTIMODAL DATA SCARCE 

ACCESSIBILITY FEW PUBLICLY AVAILABLE ANNOTATED DATASETS 

 

Size and Diversity - A significant bottleneck is the limited size and diversity of datasets, often biased toward 

specific sign languages. 

Availability - Publicly available datasets remain sparse, with a notable need for annotated multimodal datasets. 

Multimodal Integration -Some datasets incorporate facial expressions and contextual data, although these 

remain rare as show in table 2. 
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Figure 3. Evaluation Metrics 

 

Figure 3 shows the evaluation metrics for sign language modeling algorithms. Each bar includes a rating on a 

scale from 1 to 10 and a comment describing key observations for each metric.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Accuracy vs. Dataset Size  

 

Figure 4 depicts the relationship between dataset size and algorithm accuracy. It highlights the trend of 

diminishing returns in accuracy as dataset size increases, particularly beyond certain thresholds. 

 

In summary, the strengths of current algorithms lie in their innovative approaches to improving 

recognition systems. Deep learning techniques, particularly the integration of Convolutional Neural Networks 

(CNNs) and Recurrent Neural Networks (RNNs) or Long Short-Term Memory (LSTM) networks, have 

significantly enhanced accuracy and the interpretation of sequences. Furthermore, multimodal approaches, 

which combine hand gestures with facial expressions and contextual clues, add to the robustness of recognition 

systems, making them more reliable and effective. 

Current algorithms face several limitations and challenges that hinder their widespread effectiveness. 

One major issue is the gap in datasets, as the lack of diverse and annotated data restricts the generalizability of 

these algorithms across various contexts. Additionally, the high computational demands of these systems pose 

challenges for real-time applications, especially in resource-constrained environments. Another significant 

obstacle is the variation across sign languages, which complicates the development of systems that can be 

universally applicable, limiting their broader adoption and effectiveness. 
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IV. CONCLUSION 

The journey of developing algorithms for recognizing and modeling sign language has come a long way, 

evolving from basic rule-based systems to advanced deep learning methods. These advancements have 

significantly improved the precision and reliability of sign language technologies, paving the way for real-time 

applications in fields like education, healthcare, and public services. Despite this progress, challenges remain, 

such as the scarcity of comprehensive datasets, the high computational requirements, and the diverse nature of 

sign languages across different regions. Tackling these issues calls for collaboration across various disciplines 

and innovative approaches to both algorithm design and dataset creation. This study highlights the critical need 

for ongoing research to build assistive technologies that are inclusive, effective, and accessible to all. Such 

efforts resonate with the global aim of reducing inequalities and promoting inclusivity, as outlined in the United 

Nations’ Sustainable Development Goals. 
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