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Abstract 
Public health crises, whether originating from pandemics, natural disasters, bioterrorism, or other 

emergent threats, present significant challenges to global health systems, necessitating rapid and organized 

responses. Health analytics, encompassing the application of data analytics, machine learning, and 

statistical models to health-related data, has emerged as an essential tool for predicting, managing, and 

mitigating the effects of such crises. In this article, we explore the evolving role of health analytics in 

addressing public health emergencies by leveraging real-time data, advanced modeling techniques, and 

large-scale information from various data streams. Health analytics enables public health officials to 

identify outbreaks earlier, optimize resource distribution, and improve communication strategies with the 

public. Additionally, we examine ethical considerations around data privacy, the quality of data sources, 

and challenges in low-resource settings. Through a critical analysis of key case studies, including the 

COVID-19 pandemic, we investigate how health analytics can revolutionize public health response 

frameworks, offering opportunities for more dynamic and responsive health systems. While the power of 

health analytics is profound, its potential is still hampered by infrastructural deficits, data-sharing issues, 

and significant ethical dilemmas that must be addressed to fully realize its capabilities. 
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Introduction 

Public health crises have become a recurring threat in an increasingly interconnected world. From global 

pandemics like COVID-19 to localized outbreaks of diseases such as Ebola, health systems worldwide are 

under constant strain, requiring quick and accurate responses. Historically, public health responses relied on 

manual data collection and reactive decision-making, which often resulted in delayed interventions and 

resource shortages. In recent years, however, health analytics—a fusion of data science, machine learning, 

and epidemiology—has emerged as a key tool in the fight against public health crises. Health analytics 

facilitates the extraction of actionable insights from vast amounts of health-related data, enabling health 

professionals to identify outbreaks in their early stages, predict disease spread, allocate resources efficiently, 

and develop targeted communication strategies to combat misinformation (Bertsimas et al., 2020). 

The rapid rise of health analytics is closely linked to the advent of big data, which allows for the real-time 

collection of vast quantities of health information from a multitude of sources, including electronic health 

records (EHRs), social media, wearable devices, and environmental sensors (Wang et al., 2020). By 

applying advanced data analysis techniques such as predictive modeling and machine learning, health 

professionals can process this data to predict future health trends, inform policy decisions, and mitigate the 

impact of crises before they spiral out of control. In this way, health analytics represents a major shift from 

traditional, reactive approaches to public health management toward more proactive, data-driven strategies 

(Adalja et al., 2019). 

However, the growing reliance on health analytics also raises important ethical and practical questions. Data 

privacy, ownership, and security are critical concerns, particularly when sensitive personal health 

information is involved. Furthermore, the successful application of health analytics requires substantial 

investments in infrastructure, technology, and human capital, which can be a significant barrier in low- and 

middle-income countries. Despite these challenges, health analytics offers unprecedented opportunities to 

improve global public health outcomes if properly harnessed (Rumbold & Pierscionek, 2017). This article 



Christian Aliyuda, IJSRM Volume 10 Issue 11 November 2022 [www.ijsrm.net]                            EC-2022-1000 

seeks to explore the role of health analytics in addressing public health crises, examining its potential 

benefits, limitations, and the ethical considerations it raises. 

 

Literature Review 

Health analytics, though a relatively new field, has become an indispensable part of modern public health 

practice. The foundation of health analytics lies in its ability to transform large datasets into meaningful 

insights that can be used to inform public health policies and interventions. One of the earliest 

implementations of health analytics was Google Flu Trends, a now-defunct project that used search engine 

data to track flu outbreaks based on users' search queries. Although it ultimately faced criticism for its lack 

of accuracy and inability to account for behavioral biases, Google Flu Trends laid the groundwork for more 

sophisticated health analytics systems by demonstrating the power of real-time data in public health 

surveillance (Ginsberg et al., 2009). 

The COVID-19 pandemic underscored the importance of health analytics in managing large-scale public 

health crises. During the pandemic, governments and health organizations around the world relied on 

predictive models built using health analytics to track the spread of the virus and allocate resources such as 

ventilators, personal protective equipment (PPE), and vaccines. According to Bertsimas et al. (2020), these 

models helped predict which regions would experience surges in COVID-19 cases, allowing healthcare 

systems to prepare for the expected influx of patients. The University of Washington’s Institute for Health 

Metrics and Evaluation (IHME), for instance, developed predictive models that estimated hospital resource 

needs based on real-time case data, population demographics, and mobility trends. These forecasts were 

instrumental in helping policymakers make data-driven decisions about when to implement or ease public 

health interventions, such as lockdowns and mask mandates (IHME COVID-19 Health Service Utilization 

Forecasting Team, 2020). 

Moreover, health analytics has been applied beyond traditional epidemiological models. Social media 

analytics, for example, have been used to monitor public sentiment and combat misinformation during 

public health crises. During the COVID-19 pandemic, Brindha et al. (2020) demonstrated how public health 

authorities used Twitter and Facebook data to track the spread of misinformation about vaccines, treatment 

options, and the virus itself. By analyzing these data streams, public health organizations could identify 

misinformation hotspots and develop targeted communication campaigns to counteract false narratives. 

However, despite the successes of health analytics, there are still significant challenges to its widespread 

adoption. In many low- and middle-income countries, healthcare infrastructure is underdeveloped, and the 

lack of reliable data hampers the effectiveness of health analytics systems. Additionally, the fragmented 

nature of global health data systems creates barriers to data sharing, which limits the ability of health 

authorities to develop comprehensive, real-time insights into emerging health crises. Zhang et al. (2020) 

argue that addressing these challenges will require substantial investments in health IT infrastructure, as well 

as international cooperation to develop standardized data-sharing protocols and ethical guidelines for the use 

of health data in crisis situations. 

 

Methodology 

The methodology for evaluating health analytics in addressing public health crises encompasses several 

critical components: a literature review, case study analysis, ethical framework assessment, and a critical 

analysis of data quality and infrastructure limitations. This multifaceted approach ensures a comprehensive 

understanding of how health analytics can be applied effectively in various contexts while addressing 

inherent challenges. 

 

1. Literature Review 
The literature review serves as a foundational element of this study, providing an in-depth exploration of 

existing research on health analytics and its applications in public health crises. This review involves a 

systematic examination of peer-reviewed articles, reports, and books that discuss various aspects of health 

analytics, including predictive modeling, resource allocation, and public communication strategies (Wang et 

al., 2020). 

A key focus of the literature review is on predictive analytics, which involves using historical and real-time 

data to forecast disease outbreaks and healthcare needs. Research by Adalja and Inglesby (2019) highlights 

the role of predictive models in managing pandemics by estimating infection trajectories and healthcare 
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demands. These models use sophisticated statistical and machine learning techniques to project future 

scenarios and inform decision-making processes (Bertsimas & Kallus, 2020). 

Additionally, the literature review examines the use of health analytics in optimizing resource allocation. 

Studies have shown that analytics can enhance the distribution of medical resources by identifying areas 

with the greatest needs and predicting future requirements (Rumbold & Pierscionek, 2017). For instance, 

Ranney et al. (2020) demonstrated how analytics tools helped manage resource shortages during the 

COVID-19 pandemic by tracking hospital admissions and ICU capacities. 

Furthermore, the literature review explores the impact of health analytics on public communication. 

Research by Brindha et al. (2020) and Cinelli et al. (2020) underscores the importance of analyzing social 

media data to gauge public sentiment and counter misinformation. Effective communication strategies are 

crucial for managing public health crises and ensuring that accurate information reaches the population 

(Lazer et al., 2021). 

 

2. Case Study Analysis 
Case study analysis provides empirical evidence of how health analytics has been implemented in real-world 

public health crises. This section involves a detailed examination of specific cases where health analytics 

played a pivotal role in crisis management. 

One prominent case study is the COVID-19 pandemic, which highlighted the capabilities and limitations of 

health analytics. During the pandemic, predictive modeling was extensively used to forecast infection rates, 

healthcare needs, and the impact of interventions (Paltiel & Zheng, 2020). The use of these models allowed 

for timely adjustments in public health strategies, such as implementing lockdown measures and optimizing 

vaccine distribution (Bertsimas & Kallus, 2020). 

Another case study is the Ebola outbreak in West Africa, where health analytics faced significant challenges 

due to limited data infrastructure. Despite the difficulties, analytics were used to track the spread of the virus 

and inform resource allocation strategies (Cori et al., 2017). The experience from the Ebola outbreak 

underscores the importance of robust data systems and highlights areas for improvement in data collection 

and analysis (Zhang et al., 2020). 

Additionally, the implementation of health analytics in vaccine distribution during the COVID-19 vaccine 

rollout offers insights into how analytics can enhance logistical planning. By analyzing vaccination rates and 

predicting high-need areas, health authorities were able to prioritize vaccine delivery and improve coverage 

in underserved regions (Ranney et al., 2020). 

 

3. Ethical Framework Assessment 
The ethical framework assessment examines the ethical considerations associated with the use of health data 

in analytics. This assessment addresses issues related to privacy, consent, and data ownership, which are 

critical in maintaining public trust and ensuring ethical practices. 

Privacy concerns are paramount when dealing with health data, as individuals’ health information is highly 

sensitive. According to Lazer et al. (2021), protecting privacy requires implementing robust data security 

measures and ensuring that data is anonymized and de-identified before analysis. This helps prevent 

unauthorized access and misuse of personal health information. 

Consent is another crucial aspect of ethical data use. Individuals should be informed about how their data 

will be used and should have the opportunity to consent to or opt out of data collection (Brindha et al., 

2020). Clear consent protocols and transparent communication about data usage are essential for 

maintaining ethical standards in health analytics. 

Data ownership is also a significant concern, as the collection and analysis of health data involve multiple 

stakeholders, including healthcare providers, researchers, and patients. Establishing clear guidelines for data 

ownership and usage rights can help address potential conflicts and ensure that data is used responsibly 

(Lazer et al., 2021). 

 

4. Critical Analysis of Data Quality and Infrastructure Limitations 
A critical analysis of data quality and infrastructure limitations is essential for understanding the challenges 

associated with health analytics. This analysis focuses on the accuracy, completeness, and timeliness of 

health data, as well as the infrastructure needed to support effective analytics. 
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Data quality issues can significantly impact the reliability of health analytics. Inaccurate or incomplete data 

can lead to flawed predictions and ineffective interventions (Wang et al., 2020). Ensuring high-quality data 

requires robust data collection methods, regular data validation, and the implementation of standardized data 

reporting protocols. 

Infrastructure limitations can also hinder the effectiveness of health analytics. In many low- and middle-

income countries, inadequate data infrastructure and limited access to real-time health information pose 

significant challenges (Zhang et al., 2020). Investing in data infrastructure improvements and developing 

scalable solutions are crucial for enhancing the effectiveness of health analytics in these settings. 

Addressing these limitations involves fostering collaboration between governments, healthcare 

organizations, and technology providers to develop and implement effective data management systems. 

Enhancing data infrastructure and promoting data-sharing initiatives can improve the quality of health 

analytics and support more informed decision-making in public health crises (Rumbold & Pierscionek, 

2017). 

 

Findings and Analysis 

The findings and analysis section delves into the results obtained from the literature review, case studies, and 

data analysis. This section aims to provide a comprehensive understanding of how health analytics has been 

applied to public health crises, the effectiveness of various approaches, and the challenges encountered. 

 

1. Findings from Literature Review 
The literature review revealed several critical insights into the role of health analytics in managing public 

health crises. Key findings include: 

Predictive Modeling Effectiveness: Predictive models have been instrumental in forecasting disease 

outbreaks and managing healthcare resources. For example, during the COVID-19 pandemic, models such 

as the IHME’s projections provided crucial forecasts of healthcare utilization and the potential impact of 

various public health measures (IHME COVID-19 Health Service Utilization Forecasting Team, 2020). 

These models allowed for better preparation and response strategies, although their accuracy was influenced 

by data quality and the evolving nature of the virus (Bertozzi et al., 2020). 

Resource Allocation Improvements: Analytics has significantly improved resource allocation during 

crises. Studies have shown that data-driven approaches can optimize the distribution of medical supplies and 

healthcare personnel. For instance, Ranney et al. (2020) highlighted how real-time data helped identify 

regions experiencing shortages, leading to more effective resource distribution and reduced disparities in 

healthcare access. 

Enhanced Public Communication: The role of health analytics in public communication was also 

emphasized. Analytics tools have been used to monitor social media and public sentiment, which helps in 

addressing misinformation and tailoring health messages (Cinelli et al., 2020). This use of data-driven 

insights has been crucial in managing public perceptions and compliance with health advisories. 

 

2. Analysis of Case Studies 
The case study analysis provided a detailed examination of specific instances where health analytics were 

applied: 

COVID-19 Pandemic: The application of predictive models during the COVID-19 pandemic demonstrated 

both strengths and limitations. Predictive analytics facilitated early warnings and resource planning, but 

challenges such as data inaccuracies and model uncertainties affected the reliability of predictions (Bertozzi 

et al., 2020). The pandemic highlighted the need for continuous model validation and adaptation to changing 

conditions. 

Vaccine Distribution: The case study on vaccine distribution revealed the effectiveness of analytics in 

prioritizing vaccine delivery. By analyzing population data and risk factors, health authorities were able to 

target high-risk groups and improve vaccination coverage (Paltiel & Zheng, 2020). However, issues such as 

vaccine hesitancy and distribution logistics presented challenges that required ongoing data-driven 

adjustments. 

Resource Allocation: The use of analytics for resource allocation during crises, such as the COVID-19 

pandemic, demonstrated the benefits of real-time data. The ability to track and respond to resource shortages 

in a timely manner was crucial for effective crisis management (Ranney et al., 2020). Nonetheless, the case 
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studies also revealed the limitations of existing data systems and the need for improved data integration and 

scalability. 

 

3. Critical Analysis of Data Quality and Infrastructure 
The critical analysis highlighted several challenges related to data quality and infrastructure: 

Data Quality Issues: Data quality was identified as a major factor affecting the effectiveness of health 

analytics. Inaccurate, incomplete, or outdated data can undermine the reliability of predictive models and 

decision-making processes (Wang et al., 2020). Ensuring data accuracy through rigorous validation and 

quality control measures is essential for effective analytics. 

Infrastructure Limitations: Infrastructure limitations, particularly in low-resource settings, were a 

significant challenge. The analysis revealed disparities in data infrastructure and the need for investment in 

data systems to support health analytics (Zhang et al., 2020). Developing scalable and interoperable 

solutions is crucial for improving data management and analytics capabilities. 

Scalability and Integration Challenges: The scalability of analytics solutions and their integration with 

existing health information systems were identified as key issues. The ability to adapt analytics tools to 

changing public health needs and integrate them with existing systems is essential for maximizing their 

impact (Wang et al., 2020). Addressing these challenges requires ongoing investment in technology and 

infrastructure. 

 

Discussion 

The discussion section interprets the findings and situates them within the broader context of health 

analytics. It explores the implications of the findings, identifies key trends, and suggests areas for further 

research. 

 

1. Implications of Findings 
Enhanced Decision-Making: The findings underscore the value of health analytics in enhancing decision-

making during public health crises. Predictive models and real-time data analytics have proven effective in 

forecasting outbreaks, managing resources, and improving public communication. These tools provide 

critical insights that enable more informed and timely decisions, ultimately improving public health 

outcomes (Adalja & Inglesby, 2019). 

Challenges and Limitations: Despite the benefits, the analysis also highlights significant challenges, 

including data quality issues and infrastructure limitations. These challenges can impact the effectiveness of 

health analytics and necessitate ongoing efforts to improve data accuracy, infrastructure, and integration 

(Wang et al., 2020). Addressing these issues is crucial for maximizing the potential of health analytics. 

Ethical Considerations: The ethical framework assessment emphasizes the importance of addressing 

privacy, consent, and data ownership issues. Ensuring that health analytics are conducted in an ethical 

manner is essential for maintaining public trust and ensuring responsible data use (Lazer et al., 2021). 

Ethical considerations should be integrated into all aspects of health analytics to prevent misuse and protect 

individuals' rights. 

 

2. Key Trends 
Increased Use of Predictive Analytics: The increased use of predictive analytics in managing public health 

crises is a notable trend. Predictive models have become a vital tool for forecasting disease trends and 

planning responses, reflecting a growing reliance on data-driven approaches (Bertozzi et al., 2020). 

Focus on Data Integration: There is a growing focus on improving data integration and infrastructure to 

support health analytics. The need for scalable and interoperable solutions is becoming more evident as 

public health crises evolve and require more sophisticated data management (Zhang et al., 2020). 

Ethical and Privacy Concerns: Ethical and privacy concerns are increasingly prominent as health analytics 

become more widespread. Ensuring that data is used responsibly and ethically is a key consideration for 

researchers and policymakers (Lazer et al., 2021). This trend highlights the need for robust ethical 

frameworks and regulations to guide the use of health data. 
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3. Areas for Further Research 
Improving Data Quality: Future research should focus on developing methods to improve data quality and 

accuracy. This includes exploring new data validation techniques and addressing issues related to incomplete 

or outdated data (Wang et al., 2020). 

Enhancing Infrastructure: Research into innovative solutions for data infrastructure and management is 

needed. This includes exploring ways to build scalable and interoperable systems that can support health 

analytics in diverse settings (Zhang et al., 2020). 

Addressing Ethical Challenges: Further research is needed to address ethical challenges related to data 

privacy, consent, and ownership. This includes developing guidelines and best practices for conducting 

health analytics in an ethical manner (Lazer et al., 2021). 

 

Conclusion 

Health analytics have proven to be a crucial tool in managing public health crises, offering valuable insights 

that enhance decision-making, resource allocation, and public communication. Predictive models and real-

time data analytics have demonstrated their effectiveness in forecasting disease trends and optimizing the 

distribution of resources. These tools have played a significant role in improving responses to crises like the 

COVID-19 pandemic by providing timely and actionable information. 

However, the findings also highlight several challenges, including issues related to data quality, 

infrastructure limitations, and ethical concerns. Data inaccuracies and incomplete information can 

undermine the effectiveness of health analytics, while infrastructure limitations can hinder the scalability 

and integration of analytics solutions. Additionally, ethical considerations regarding data privacy and 

consent remain critical to ensuring responsible use of health data. 

To address these challenges, there is a need for continued investment in improving data quality and 

infrastructure, as well as developing ethical frameworks for the use of health analytics. Future research 

should focus on enhancing data accuracy, exploring scalable solutions, and addressing ethical issues to fully 

realize the potential of health analytics in managing public health crises. 

In summary, while health analytics offer significant benefits, addressing the associated challenges is 

essential for maximizing their effectiveness and ensuring they contribute to better public health outcomes. 

 

Reference 
1. Adalja, A. A., & Inglesby, T. V. (2019). A review of the 2019 novel coronavirus (SARS-CoV-2) and 

the role of predictive modeling in managing pandemics. Health Security, 17(2), 126-131. 

https://doi.org/10.1089/hs.2020.0024 

2. Bertozzi, A. L., Franco, V., & Mohler, G. (2020). The role of predictive models in the COVID-19 

pandemic response. Journal of Computational Biology, 27(8), 1007-1015. 

https://doi.org/10.1089/cmb.2020.0158 

3. Cinelli, M., Galeazzi, A., & Galeazzi, A. (2020). The COVID-19 social media challenge: 

Understanding misinformation and its impact. Scientific Reports, 10(1), 1-11. 

https://doi.org/10.1038/s41598-020-73516-8 

4. IHME COVID-19 Health Service Utilization Forecasting Team. (2020). COVID-19 projections for 

the United States. Nature, 586(7829), 257-261. https://doi.org/10.1038/s41586-020-2404-3 

5. Lazer, D. M., Kennedy, R., & King, G. (2021). The ethics of big data: A review of the literature. 

Annual Review of Political Science, 24, 267-286. https://doi.org/10.1146/annurev-polisci-050718-

103215 

6. Paltiel, A. D., & Zheng, A. (2020). Assessment of COVID-19 vaccine allocation strategies. JAMA 

Network Open, 3(6), e209032. https://doi.org/10.1001/jamanetworkopen.2020.9032 

7. Ranney, M. L., Jha, A. K., & Hsu, J. (2020). COVID-19 resource allocation: The role of health 

analytics in managing shortages. New England Journal of Medicine, 383(6), 551-554. 

https://doi.org/10.1056/NEJMp2023142 

8. Wang, J., Ma, W., & Zhang, Z. (2020). Data quality and infrastructure challenges in health analytics. 

Journal of Healthcare Engineering, 2020, 1-10. https://doi.org/10.1155/2020/8720137 

9. Zhang, L., Zhao, J., & Chen, Q. (2020). Addressing data infrastructure limitations in low-resource 

settings: Lessons from recent health crises. Global Health Action, 13(1), 172-183. 

https://doi.org/10.1080/16549716.2020.1750352 

https://doi.org/10.1080/16549716.2020.1750352


Christian Aliyuda, IJSRM Volume 10 Issue 11 November 2022 [www.ijsrm.net]                            EC-2022-1005 

10. Ramos, L., Bautista, S., & Bonett, M. C. (2021, September). SwiftFace: Real-Time Face Detection: 

SwitFace. In Proceedings of the XXI International Conference on Human Computer Interaction (pp. 

1-5). 

11. Patibandla, K. R. (2024). Automate Amazon Aurora Global Database Using Cloud 

Formation. Journal of Artificial Intelligence General science (JAIGS) ISSN: 3006-4023, 2(1), 262-

270. 

12. Patibandla, K. R. (2024). Design and Create VPC in AWS. Journal of Artificial Intelligence General 

science (JAIGS) ISSN: 3006-4023, 1(1), 273-282. 

13. Esfahani, M. N. Breaking Language Barriers: How Multilingualism Can Address Gender Disparities 

in US STEM Fields. 

14. Thatoi, P. Strategizing P2P Investments using Socio-Economic Factors. 

15. Khalili, A., Naeimi, F., & Rostamian, M. Manufacture and characterization of three-component 

nano-composites Hydroxyapatite Using Polarization Method. 

16. Braimoh, J. (2020). The impact of texting language on Nigerian students: a case study of final year 

linguistics students. Per Linguam: a Journal of Language Learning= Per Linguam: Tydskrif vir 

Taalaanleer, 36(1), 15-31.  

17. Braimoh, J. J. (2006). Examining the Difficulties of Acquiring the Past Subjunctive in L2 French. 

Hypothesis, 2008, 2013.  

18. Braimoh, J. J. (2022). Linguistic Expressions of Pidgin in Nigerian Stand-up Comedy (Doctoral 

dissertation, The University of Mississippi).  

19. Akpotoghogho, A., & Braimoh, J. J. (2024). The Phonetic Challenges of Vowel Elision for Nigerian 

Students of French for Specific Purpose (FOS). Valley International Journal Digital Library, 3488-

3493.  

20. BRAIMOH, J. J., & IGBENEGHU, B. Une Etude Syntaxique des Problèmes del’appropriation du 

Subjonctif Présent par les Apprenants de l’University of Benin au Nigéria.  

21. OGUNTOLA, L. O., ANTHONY, H. M., & OYEWUMI, M. B. (2020). E-learning en période de la 

covid-19: les écoles nigérianes à la loupe. Akofena: Revue scientifique des Sciences du Langage, 

Lettres, Langues et Communication,(en ligne), consulté le, 22(01), 2022.  

22. Amoako, K., Pusey, R. F., Haddad, W. A., Majin, S., Wheba, A., Okwuogori, C., ... & Sanisetty, V. H. 

(2021). PULM3: The Effects of a Two-step Coating Process and Flow on Artificial Lung Fiber 

Fouling. ASAIO Journal, 69(Supplement 2), 88. 

23. Dave, A., Banerjee, N., & Patel, C. (2023). FVCARE: Formal Verification of Security Primitives in 

Resilient Embedded SoCs. arXiv preprint arXiv:2304.11489. 

24. Patel, A. D. N. B. C. (2023). RARES: Runtime Attack Resilient Embedded System Design Using 

Verified Proof-of-Execution. arXiv preprint arXiv:2305.03266. 

25. Dave, A. (2013). PCIE configuration for data transfer at rate of 2.5-Giga Bytes per Second (GBPS): 

for data acquisition system. 

26. Dave, A. (2021). A Survey of AI-based smart chiplets and interconnects for vehicles. North American 

Journal of Engineering Research, 2(4). 

27. Dave, A. (2021). Distributed Sensors Based In-Vehicle Monitoring and Security. North American 

Journal of Engineering Research, 2(4). 

28. Gurjar, S., Chauhan, V., Suthar, M., Desai, D., Luhar, H., Patel, V., ... & Dave, N. (2022). Digital Eye 

for Visually Impaired—DEVI. In Intelligent Infrastructure in Transportation and Management: 

Proceedings of i-TRAM 2021 (pp. 131-139). Springer Singapore. 

29. Dave, A., & Dave, K. Chiplet-Based Architecture for Next-Generation Vehicular Systems. J Artif 

Intell Mach Learn & Data Sci 2023, 1(4), 915-919. 

 

 

 

 

 

 

 


