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Abstract: This paper explores the application of computer technology in biostatistics, focusing on the technological 

advancements and their impact on data management, data processing and analysis, and data visualization. With the development 

of computer technology, data storage and management methods have significantly improved, particularly with the introduction 

of database systems and big data technologies, which have greatly enhanced the efficiency and accuracy of handling biostatistical 

data. Additionally, the application of machine learning and artificial intelligence has made biostatistical data analysis more 

intelligent and automated, providing new tools for identifying and predicting complex data patterns. Furthermore, advanced data 

visualization techniques have enhanced the interpretability of statistical results through clear graphical presentations, promoting 

the application of biostatistics. Through the analysis of specific case studies, this paper demonstrates the practical effects and 

challenges of computer technology in improving biostatistical research capabilities. Finally, the paper anticipates the future 

impact of emerging computing technologies, such as quantum computing, on biostatistics and suggests future research directions 

and recommendations. 
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1. Introduction 

Biostatistics is a crucial research tool in the life sciences 

field, widely used in data analysis and scientific research. It 

encompasses data analysis tasks across various domains, 

including clinical trials, epidemiological studies, genomics, 

and environmental sciences. Traditional statistical methods 

face numerous challenges in handling complex and large-

scale data, such as low computational efficiency, difficulties 

in data management, and the complexity of interpreting 

analysis results. With the rapid development of computer 

technology, these issues have seen significant improvement. 

Advances in computer technology, especially in data storage, 

processing, and visualization, have dramatically transformed 

research methods and applications in biostatistics. Modern 

computing platforms can handle larger datasets, perform 

complex analyses, and present results in intuitive ways, 

significantly improving the efficiency and accuracy of data 

analysis. This shift has not only expanded the application 

scope of biostatistics but also enhanced the depth and breadth 

of research. This paper aims to explore the application of 

computer technology in biostatistics and its impacts. It 

focuses on analyzing how data management and storage 

technologies improve the handling of biostatistical data; how 

data processing and analysis technologies, particularly 

machine learning and artificial intelligence, play a role in 

biostatistical research; and how data visualization 

technologies help researchers better interpret and present 

statistical results. By systematically studying these 

technological applications, the paper aims to reveal the major 

contributions of computer technology to the field of 

biostatistics and discuss potential future developments. This 

research will not only help biostatistics researchers better 

understand and utilize computer technology but also provide 

valuable insights and recommendations for related fields [1]. 

2. Application Areas of Computer 
Technology in Biostatistics 

2.1. Data Storage and Management 

In biostatistical research, effective data storage and 

management are crucial for maintaining data integrity and 

efficiency. Traditional methods struggle with large volumes, 

complex structures, and frequent updates, but modern 

technology has greatly improved these challenges. Database 

management systems (DBMS) like MySQL and MongoDB 

support efficient storage and management of both structured 

and semi-structured data. These systems facilitate quick data 

access and reliable query functions. Big data technologies 

have further advanced data management. Platforms such as 

Amazon Redshift and Apache Hadoop enable the handling of 

vast datasets through distributed computing and storage. This 

is particularly beneficial for managing genomic, clinical, and 

epidemiological data, enhancing the speed and accuracy of 

analysis. Cloud computing offers scalable storage solutions 

and robust computing power. Services like AWS and Google 

Cloud allow researchers to adjust storage resources 

dynamically, optimizing cost and efficiency. Data security 

and privacy are also paramount. Modern database systems 

and cloud platforms implement multi-layered security 

measures, including encryption and access control, to protect 

sensitive biostatistical data from breaches and unauthorized 

access. In summary, advancements in DBMS, big data 

technologies, and cloud computing have significantly 

improved data storage, management, and security in 

biostatistical research, driving efficiency and accuracy in data 

analysis. Continued technological innovation will further 

support progress in this field [2]. 

2.2. Data Processing and Analysis Methods 

In biostatistics, processing and analyzing data are crucial 

for deriving insights from complex datasets. Modern 

computer technology, particularly in machine learning (ML), 
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artificial intelligence (AI), and advanced statistical modeling, 

has significantly enhanced these capabilities, improving both 

efficiency and complexity handling. Machine learning and AI 

play pivotal roles in biostatistics. Algorithms like classifiers 

(e.g., support vector machines, random forests) and 

regression models (e.g., linear, logistic regression) are widely 

used to analyze biological data, identifying complex patterns 

and relationships. For example, ML techniques in genomics 

can predict gene functions and disease associations, while 

deep learning (e.g., convolutional neural networks) advances 

the analysis of intricate data like images and time-series. 

Traditional statistical modeling remains essential [3]. Modern 

techniques such as generalized linear models (GLM), mixed-

effects models, and Bayesian methods handle diverse data 

types and complex structures. Mixed-effects models analyze 

hierarchical data, while Bayesian methods incorporate prior 

knowledge into inferences, enhancing model precision and 

interpretation. Data mining is also integral, with techniques 

like clustering analysis (e.g., K-means) and association rule 

learning (e.g., Apriori) revealing patterns and relationships in 

large datasets. These methods can identify biomarkers or gene 

expression modules, generating new research hypotheses. 

Real-time data processing has become crucial with the rise of 

real-time data collection technologies. In clinical trials and 

health monitoring, real-time analysis using platforms like 

Apache Kafka and Google Big Query helps detect anomalies 

swiftly and respond promptly. Data preprocessing and 

cleaning are vital for ensuring analysis accuracy. Techniques 

for data cleaning, handling missing values, and normalization 

address noise and inconsistencies, providing a solid 

foundation for reliable analysis. In summary, advancements 

in ML, AI, statistical modeling, and data mining, along with 

improvements in real-time processing and data preprocessing, 

have greatly enhanced biostatistical analysis. These 

technologies support more accurate and efficient research, 

driving significant scientific discoveries [4]. 

2.3. Data Visualization and Result Presentation 

In biostatistical research, data visualization and result 

presentation play a crucial role in transforming complex data 

and analysis results into easily understandable and 

interpretable forms. Advances in modern computer 

technology have provided powerful support for data 

visualization, enabling researchers to present research 

findings more clearly, reveal potential trends and patterns in 

the data, and effectively communicate research discoveries. 

Data visualization technology makes the presentation of 

biostatistical data more intuitive and vivid. Through various 

charts and graphics (e.g., line charts, bar charts, scatter plots, 

heatmaps), researchers can display large volumes of data 

visually, which not only enhances data readability but also 

helps identify key trends within the data. For example, gene 

expression data is often presented using heatmaps to show 

gene expression levels under different conditions, helping 

researchers identify gene clusters with similar expression 

patterns. Similarly, survival curves in survival analysis can 

visually depict survival differences between treatment groups, 

allowing for the evaluation of treatment effects. The 

introduction of interactive data visualization tools further 

enhances the effectiveness of data presentation. These tools 

(e.g., Tableau, Power BI, D3.js) allow users to explore data 

through interactive operations (e.g., filtering, zooming, 

dragging). This interactive approach not only provides 

dynamic data views but also enables users to customize data 

presentations based on different analytical needs. For instance, 

in clinical trial data analysis, researchers can use interactive 

tools to explore relationships between different variables and 

quickly identify key factors affecting the results. Additionally, 

data visualization technology also facilitates the integrated 

presentation and multidimensional analysis of data. For 

example, dashboards consolidate multiple data views, 

allowing researchers to simultaneously view different types 

of data and analysis results on a single interface [5]. This 

integrated presentation approach helps users understand the 

data from a global perspective and supports multidimensional 

comparative analysis. Modern dashboard tools offer a variety 

of visualization components, such as charts, maps, and data 

tables, making complex data presentations clearer and more 

organized. In terms of result presentation, computer 

technology provides various output formats, such as images, 

PDF documents, and web pages, suitable for different 

publication needs. For example, researchers can generate 

high-quality image files of analysis results for academic 

papers and reports, or create interactive web pages to share 

data presentation features and effects with a broader audience. 

This flexible result presentation approach ensures that 

research findings are understood and used by a wider 

audience. In summary, the application of computer 

technology in data visualization and result presentation has 

greatly enhanced the expressive capability of biostatistical 

research. By using various charts and graphics, interactive 

visualization tools, and integrated dashboard presentations, 

researchers can more effectively convey data analysis results 

and reveal key patterns and trends in the data. The continuous 

development of these technologies provides more intuitive 

and flexible ways to present data, driving the advancement of 

biostatistical research [6]. 

3. Practical Application Cases 

3.1. Application Case Analysis 

In the field of biostatistics, the application of computer 

technology has demonstrated its powerful potential and 

effectiveness across various practical cases. A representative 

example is the Genome-Wide Association Studies (GWAS) in 

genomics research. This case not only showcases the practical 

applications of computer technology in biostatistics but also 

highlights the integrated effects of technologies for data 

storage, processing, analysis, and visualization. Genomics 

research aims to identify genetic variations associated with 

specific diseases or traits. Traditional genomics studies 

require analyzing massive genomic datasets, which include 

millions of genetic variation sites and phenotype data from a 

large number of individuals. The main challenges researchers 

face include the enormous storage requirements, complex 

data processing and analysis needs, and extracting meaningful 

biological information from these datasets. To address these 

challenges, researchers have employed advanced database 

management systems to handle large-scale genomic data. For 

example, high-performance relational databases such as 

PostgreSQL are used to store genetic variation data and 

phenotype information, while non-relational databases like 

MongoDB are used to handle structured and semi-structured 

data. These database systems can efficiently store and retrieve 

large-scale data, ensuring data integrity and access speed. In 

the data processing and analysis phase, machine learning and 

statistical modeling techniques play a crucial role. 

Researchers have used Generalized Linear Models (GLM) to 
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analyze the relationship between genetic variations and 

disease phenotypes, and machine learning algorithms such as 

random forests and support vector machines to identify 

important genetic variations associated with disease risk. 

Additionally, deep learning methods have been used to 

process complex genomic data, for instance, using 

convolutional neural networks (CNN) to analyze gene 

expression profiles and discover potential disease-related 

genes. In terms of results presentation, researchers utilize 

interactive data visualization tools like Tableau and D3.js to 

display analysis results. By generating heat maps and 

Manhattan plots, researchers can visually show the 

associations between genetic variations and disease 

phenotypes. Interactive dashboards allow users to 

dynamically explore data and view the impact of different 

genetic variations on disease risk. This visualization approach 

not only enhances the interpretability of results but also 

facilitates sharing findings with other researchers. Through 

the application of these computer technologies, GWAS 

research has achieved significant results. Researchers have 

successfully identified key genetic variations associated with 

various complex diseases, such as diabetes and cardiovascular 

diseases. These findings not only provide new insights into 

the biological mechanisms of diseases but also lay the 

foundation for future personalized medicine and precision 

treatment. Moreover, the use of data visualization tools has 

enabled broader understanding and utilization of research 

results, thereby advancing scientific research and clinical 

applications in related fields. This application case 

demonstrates the critical role of computer technology in 

biostatistical research. From data storage and management to 

data processing and analysis, and data visualization and 

results presentation, each stage benefits from the development 

of modern computer technologies. These technologies not 

only improve the efficiency and accuracy of data analysis but 

also enhance the dissemination and application of research 

results, opening new perspectives for biostatistical research. 

3.2. Challenges and Solutions 

In genomics research and other biostatistical applications, 

while the application of computer technology has brought 

significant advantages, it also faces a series of challenges. 

First, the vastness and complexity of data are major 

challenges. Genomics research involves millions of genetic 

variation sites and phenotype data from numerous individuals, 

which places high demands on data storage, management, and 

processing. To address these challenges, researchers have 

adopted distributed database systems such as Hadoop and 

Spark for efficient data storage and processing. These systems 

can distribute data across multiple nodes for parallel 

processing, significantly improving data processing 

efficiency. Additionally, data compression techniques are 

widely used to reduce the volume of data storage. Second, 

data quality and consistency issues can affect the accuracy of 

analysis results. Data often contain missing, erroneous, or 

inconsistent entries, which requires thorough data cleaning 

before analysis. Data preprocessing tools and algorithms, 

such as missing value imputation and outlier detection, are 

used to address these issues and ensure data accuracy and 

consistency [7]. Establishing data quality control processes is 

also an important measure to improve data quality. High-

performance computing requirements represent another 

significant challenge. Advanced statistical analyses and 

machine learning models require substantial computational 

resources when handling large-scale datasets. To address this, 

researchers utilize cloud computing platforms like AWS, 

Google Cloud, and Microsoft Azure, which offer elastic 

computing capabilities. These platforms can scale computing 

resources as needed, and parallel and distributed computing 

technologies, such as MPI and MapReduce, can effectively 

utilize multi-core and multi-node resources to accelerate data 

processing. Regarding model selection and optimization, 

researchers face the challenge of choosing appropriate 

analytical models and algorithms. To ensure the accuracy of 

analysis results, researchers employ techniques such as cross-

validation and grid search to select optimal model parameters. 

Additionally, ensemble learning methods, such as random 

forests and gradient boosting machines, improve analysis 

accuracy and robustness by combining predictions from 

multiple models. Systematically evaluating and comparing 

different models is also a key step in ensuring the reliability 

of analysis results. Data privacy and security issues are also a 

concern. Genomics research often involves personal sensitive 

information, making the protection of data privacy and 

security crucial. Researchers use data encryption technologies, 

such as AES encryption, to prevent unauthorized access and 

apply privacy protection techniques, such as differential 

privacy, to safeguard personal information during data 

analysis. Furthermore, data sharing and storage platforms 

must comply with relevant regulations and standards, such as 

GDPR and HIPAA, to ensure the legal and compliant use of 

data. Finally, the interpretation and application of results 

present a challenge. The interpretation of biostatistical 

analysis results can be complex and challenging, especially in 

the context of multi-factor and high-dimensional data. To 

enhance result interpretability, researchers use visualization 

techniques such as heat maps and Manhattan plots to present 

results intuitively and combine biological knowledge and 

experimental validation to explain the biological significance 

of the results. Additionally, integrating statistical analysis 

results with experimental research further enhances the 

reliability and practical application value of the results. 

Overall, despite facing numerous challenges, researchers can 

effectively address these issues by employing advanced 

computer technologies and methods, improving data 

processing and analysis efficiency, and enhancing the 

accuracy and reliability of research results. With the ongoing 

development of technology, the application of computer 

technology in biostatistics will continue to break existing 

limitations and drive the advancement of scientific research. 

4. Future Development Trends 

In the future, the application of computer technology in 

biostatistics will exhibit several significant development 

trends, driving the continuous evolution of research methods 

and fields. First, the application of artificial intelligence (AI) 

and machine learning (ML) will become increasingly 

profound. As these technologies advance, researchers will be 

able to use sophisticated algorithms and models to process 

and analyze data more intelligently. For example, deep 

learning techniques will enhance data mining capabilities in 

genomics research, making the discovery of new gene 

variants associated with diseases more efficient and accurate. 

AI and ML will not only improve the accuracy of data 

analysis but also play a crucial role in prediction and 

modeling, thus driving innovation in the field of biostatistics. 

Secondly, the ongoing development of big data technologies 

will continue to impact advancements in biostatistics [8]. As 



 

15 

the volume of data increases, the ability to process and 

analyze large-scale datasets becomes increasingly important. 

In the future, data lakes and data integration platforms will 

become key tools for managing multi-source heterogeneous 

data. These platforms will facilitate data integration and 

sharing, thereby improving research efficiency. Distributed 

computing and real-time data processing technologies will be 

further refined to meet the demands of big data analysis, 

enhancing the speed and accuracy of data processing. In terms 

of data privacy and security, stricter protective measures will 

be implemented in the future. With growing concerns about 

data privacy, researchers will widely adopt privacy protection 

technologies such as differential privacy and homomorphic 

encryption to ensure the security of personal information. 

Data protection regulations (e.g., GDPR and HIPAA) will 

guide data management and analysis practices, ensuring that 

research complies with relevant laws and standards. These 

measures will help protect data privacy while promoting the 

secure use and sharing of data. Optimizing and utilizing 

computing resources will become an important focus in future 

biostatistics research. With increasing computational 

demands, cloud computing and edge computing will become 

the primary sources of computational resources, providing 

researchers with flexible computing capabilities. Additionally, 

quantum computing, as an emerging technology, may play a 

significant role in addressing problems that traditional 

computing methods cannot efficiently solve. Through the 

application of these technologies, researchers will be able to 

process data more efficiently and advance research progress. 

Innovations in data visualization technology will also have a 

profound impact on biostatistics. As data complexity 

increases, interactive and dynamic visualization technologies 

(e.g., virtual reality and augmented reality) will see 

widespread application. These technologies will help 

researchers and clinicians better understand data analysis 

results, thereby supporting decision-making and the 

dissemination of research findings. Innovative visualization 

tools will make the presentation of data analysis results more 

vivid and interpretable, enhancing the transparency and 

comprehensibility of research. Finally, interdisciplinary 

collaboration will become an important trend in future 

development. Research in biostatistics will increasingly rely 

on collaboration between experts in computer science, 

statistics, life sciences, and medicine. Through such 

interdisciplinary cooperation, researchers can jointly develop 

new data analysis tools and algorithms and explore the 

biological significance of data. This collaboration will foster 

innovation in technologies and methods, advancing scientific 

research. Overall, the future development of computer 

technology in biostatistics will continue to drive progress and 

expand applications in the field. Trends such as artificial 

intelligence, big data technologies, data privacy and security, 

computing resource optimization, visualization technology 

innovation, and interdisciplinary collaboration will 

collectively contribute to the expanding application and 

impact of biostatistics in scientific research and health 

improvement. 

5. Conclusion 

The application of computer technology in biostatistics has 

significantly enhanced the capabilities for data processing, 

analysis, and visualization. With ongoing advancements in 

artificial intelligence, machine learning, and big data 

technologies, biostatistics research is becoming more precise 

and efficient. These technologies not only address the 

challenges of large-scale data processing but also improve 

data privacy and security protection. However, there remains 

a need for continuous innovation and optimization to meet 

computational resource demands and address data privacy 

concerns. Interdisciplinary collaboration will further drive 

technological development and foster innovation and 

application in the field of biostatistics. Overall, the continuous 

evolution of computer technology will offer broader research 

opportunities and practical applications in biostatistics, 

providing robust support for scientific discovery and health 

improvement. 
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