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ABSTRACT 

        Data visualization has emerged as a powerful tool in public health, enabling professionals to interpret complex 
datasets, communicate findings effectively, and make informed decisions. This review explores the current landscape 
of data visualization tools and techniques used in public health, emphasizing their role in enhancing decision-making 
through analytics. With the growing volume and complexity of health data—ranging from epidemiological statistics to 
social determinants of health—there is an increasing demand for visualization methods that can reveal patterns, trends, 
and correlations in a comprehensible format. The study categorizes visualization tools into three main groups: general-
purpose platforms (e.g., Microsoft Power BI, Tableau), programming-based tools (e.g., R with ggplot2, Python with 
Matplotlib and Seaborn), and domain-specific health informatics tools (e.g., WHO HealthMapper, CDC’s Epi Info). 
Each tool is evaluated based on usability, flexibility, data integration capabilities, and scalability for large datasets. 
Visualization techniques such as choropleth maps, heat maps, time-series plots, dashboards, and infographics are 
examined for their effectiveness in public health applications like disease surveillance, outbreak tracking, vaccination 
coverage, and resource allocation. Key findings indicate that interactive dashboards and geospatial visualizations 
significantly improve real-time monitoring and stakeholder engagement. The integration of machine learning with 
visualization platforms is also gaining traction, enabling predictive analytics and dynamic visual storytelling. However, 
challenges remain in terms of data quality, interoperability, privacy concerns, and the digital literacy required to use 
advanced tools effectively. This review highlights the critical need for capacity building and cross-sector collaboration 
to maximize the impact of data visualization in public health. By adopting user-centered design principles and leveraging 
open-source solutions, public health agencies can foster transparency, equity, and evidence-based decision-making. 
Future research should focus on developing standardized frameworks for evaluating visualization effectiveness and on 
integrating real-time, multidimensional data for more holistic insights. 

Keywords: Data Visualization, Public Health Analytics, Decision-Making, Health Informatics, Data Dashboards, 
Geospatial Mapping, Epidemiology, Health Data Tools, Visualization Techniques, Predictive Analytics. 

 

1. INTRODUCTION 

In today’s data-driven environment, public health recognizes the critical importance of effective decision-
making, which can greatly influence population health outcomes. The increasing complexity and abundance 
of health-related data—stemming from diverse sources such as disease surveillance, epidemiological studies, 
vaccination records, and social determinants of health—underscore the urgent need for efficient methods to 
interpret and communicate this information effectively (Chishtie et al., 2020; Skender & Ali, 2022). The 
concept of data visualization has emerged as a strategic tool within public health, transforming raw data into 
insightful visual formats that can elucidate trends, monitor outbreaks, allocate resources efficiently, and 
evaluate health interventions with greater clarity (Chishtie et al., 2020; Skender & Ali, 2022). 

Data visualization facilitates the translation of intricate datasets into intuitive formats such as dashboards, 
maps, graphs, and interactive platforms, thus making critical data more accessible and actionable. This 
capacity empowers public health professionals and stakeholders to respond more swiftly to emerging health 
threats, design targeted interventions, and communicate their findings effectively to a broader audience 
(Bucalon et al., 2022; Zakkar & Sedig, 2017). For instance, studies emphasize the necessity of interactive 
visualization tools, which have gained prominence in health informatics, enabling users to control the 
information flow and customize data representations for enhanced analytical reasoning (Zakkar & Sedig, 
2017; Ola & Sedig, 2016). Furthermore, recent advancements in technology have fostered a diverse array of 
visualization tools tailored specifically for public health purposes, underlining the need for practitioners to 
equip themselves with these vital skills to maximize their impact (Bautista, 2024; Park et al., 2021). 



- 402 - 
 

World Scientific News 203 (2025) 402-438 

A comprehensive evaluation of data visualization tools reveals a spectrum of options available for 
public health professionals, ranging from general-purpose tools such as Tableau and Power BI to specialized 
systems like Geographic Information Systems (GIS) (Skender & Ali, 2022; Yasobant et al., 2015). These tools 
are pivotal in supporting various public health objectives—such as disease outbreak tracking and health equity 
assessments—through distinctive visualization techniques like heatmaps, choropleth maps, time-series plots, 
and network diagrams (Baseman et al., 2017; Huang et al., 2024; Preim & Lawonn, 2019). Each of these 
techniques offers specific advantages and poses unique limitations, thereby necessitating a critical analysis of 
their application in public health settings. For example, dashboards have become critical for conveying 
actionable insights in real-time, presenting data in a dynamic format that complements traditional reporting 
methods (Ivanković et al., 2021). 

Moreover, challenges associated with these tools must be acknowledged as well. Issues such as data 
quality, accessibility, user training, and ethical considerations significantly impact the effectiveness of data 
visualization in public health (Park et al., 2021; Tessema et al., 2024). As various stakeholders adapt to these 
visualization methods, it becomes increasingly important to address the existing barriers to improve data 
utilization further (Baseman et al., 2017; Zakkar & Sedig, 2017). The integration of emerging technologies 
such as artificial intelligence and real-time analytics also holds promise for revolutionizing data visualization 
in public health, paving the way for more responsive and informed decision-making (Igwama et al., 2024; 
Ignatenko et al., 2022). 

This review ultimately aims to guide public health professionals, researchers, and decision-makers in 
selecting and implementing appropriate data visualization strategies that align with their specific contexts and 
needs, thereby enhancing overall public health systems (Bautista, 2024; Huang et al., 2024). By embracing 
data visualization comprehensively, health practitioners can foster a more transparent, responsive, and 
evidence-informed approach to public health that significantly benefits population well-being (Adelodun & 
Anyanwu, 2024, Chigboh, Zouo & Olamijuwon, 2024, Ogugua et al., 2024). 

2. METHODOLOGY 
 

This review adopted the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 
2020 guidelines to ensure a transparent and rigorous selection process. The literature search was conducted 
across multiple databases, and a total of 223 records were identified from the sources provided. After removing 
duplicates and screening for relevance based on titles and abstracts, 223 articles were retained for further 
evaluation. 
 

During the screening phase, 157 articles were excluded due to irrelevance to the core themes of data 
visualization in public health or insufficient methodological clarity. The remaining 66 full-text articles were 
assessed for eligibility. Of these, 30 articles were excluded due to contextual misalignment with the specific 
focus on visualization tools and techniques directly supporting decision-making in public health settings. 
 

A final sample of 36 articles was included in this systematic review. Inclusion criteria required that each 
study focused on data visualization techniques, tools, or frameworks within the context of public health or 
healthcare analytics. Both conceptual and empirical studies were considered. Studies that addressed the impact 
of visualization on health communication, policy, or operational decision-making were prioritized. 
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The selection process was conducted independently by two reviewers, and any disagreements were 
resolved through discussion and consensus. 

 

 
 
 

Figure 1. PRISMA Flowchart of the study methodology. 
 
 

3. ROLE OF DATA VISUALIZATION IN PUBLIC HEALTH 

Data visualization plays a crucial and transformative role in public health, enabling professionals and 
policymakers to navigate the vast and growing complexity of health data. In an era characterized by rapid 
information generation and the increasing digitization of health systems, the ability to understand, interpret, 
and act on data has become a cornerstone of effective public health practice (Adepoju et al., 2022, Gbadegesin 
et al., 2022). Visualization tools serve as essential instruments that transform raw, often overwhelming 
datasets into meaningful, actionable insights. They enhance our capacity to detect patterns, draw conclusions, 
and communicate findings in a manner that is intuitive, accessible, and impactful (Al Hasan, Matthew, & 
Toriola, 2024, Bello et al., 2024, Olowe et al., 2024). 

One of the primary roles of data visualization in public health is to make sense of complex datasets by 
highlighting trends, revealing correlations, and identifying outliers. Public health data often spans multiple 
dimensions—temporal, geographic, demographic, and clinical—making it challenging to interpret without 
appropriate visual aids (Ayo-Farai et al., 2024, Chintoh et al., 2024, Odionu et al., 2024). Visualization 
techniques such as line graphs, bar charts, scatter plots, and heatmaps enable public health professionals to 
observe trends over time, compare population segments, and monitor disease progression or intervention 
outcomes. For example, a time-series graph showing the rise and fall of COVID-19 cases across regions can 
immediately reveal peaks, declines, and the impact of public health interventions like lockdowns or 
vaccination drives (Akinade, et al., 2025, Ekeh, et al., 2025).  
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Similarly, scatter plots can help researchers detect correlations between variables, such as the relationship 
between air pollution levels and asthma rates, or between socio-economic status and access to healthcare 
services. 

Outlier detection is another area where visualization adds immense value. Outliers in health data—whether 
unusually high infection rates, unexpected side effects of medications, or anomalous vaccination coverage—
can signal important phenomena that warrant further investigation. Visual representations make such 
anomalies easier to detect than tables of raw numbers. In surveillance systems, for instance, a sudden spike in 
emergency room visits for flu-like symptoms, displayed on a heatmap or bar chart, can alert public health 
officials to a potential outbreak, prompting a rapid and informed response (Adhikari et al., 2024, Chukwurah 
et al., 2024, Zouo & Olamijuwon, 2024). 

Beyond helping experts understand complex data, visualization plays a vital role in communicating 
information effectively across diverse audiences. Public health decisions often involve multiple stakeholders, 
including epidemiologists, clinicians, policymakers, and the general public. While data scientists and 
statisticians may be comfortable navigating large datasets or complex models, decision-makers and frontline 
health workers often require clear, concise summaries to guide their actions (Adewuyi et al., 2024, Edoh et 
al., 2024, Ogunboye et al., 2024). Data visualization bridges this gap, converting intricate analytics into 
compelling visuals that convey meaning quickly and clearly. Dashboards, interactive maps, and infographics 
allow users to engage with the data dynamically, filter according to their needs, and grasp the implications 
without specialized technical training. 

This capacity for communication is especially critical during public health emergencies. During outbreaks 
or natural disasters, decision-makers need immediate access to understandable data to plan responses, allocate 
resources, and communicate risks. Visual tools such as geographic maps showing the spread of disease, 
hospital capacity dashboards, or vaccination coverage charts enable rapid comprehension of the situation 
(Adepoju et al., 2024, Balogun et al., 2024, Okon, Zouo, & Sobowale, 2024). These tools support effective 
crisis communication, both internally within health departments and externally to the public. During the 
COVID-19 pandemic, for example, dashboards displaying case counts, transmission rates, and vaccination 
data became indispensable tools used by governments, media outlets, and community organizations to inform 
the public and drive compliance with health guidelines (Azubuike et al., 2024, Chigboh, Zouo & Olamijuwon, 
2024). Figure 2 shows data analysis process presented by Rangineni et al., 2023. 
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Figure 2. Data analysis process (Rangineni, et al., 2023). 

In addition to crisis scenarios, data visualization supports ongoing, evidence-based policymaking. By 
presenting real-time and historical data in intuitive formats, visualization tools help policymakers assess the 
effectiveness of interventions, identify unmet needs, and allocate resources where they are most needed. A 
policymaker deciding where to deploy mobile clinics, for instance, might use a choropleth map showing 
vaccine hesitancy rates by neighborhood, overlaid with population density and healthcare access points 
(Atandero et al., 2024, Chintoh et al., 2024, Ohalete et al., 2024). Such visual synthesis of information 
empowers leaders to make informed decisions that are backed by data, rather than relying on anecdotal 
evidence or outdated assumptions. 

Furthermore, the ability to visualize data in near-real-time enhances the agility of public health 
systems. With the integration of real-time analytics platforms, visualization tools can now provide up-to-date 
information on disease surveillance, medication stock levels, or behavioral trends such as mobility and mask 
usage. This immediacy supports more responsive planning and implementation of health strategies (Jahun et 
al., 2021, Matthew et al., 2021). For example, real-time monitoring of emergency department admissions can 
help predict patient surges, enabling better staffing and resource management. In chronic disease management, 
visualizations of longitudinal data help track patient progress, adherence to treatment plans, and community-
wide health improvements, all of which inform adaptive policy interventions. 

Another important function of data visualization in public health is fostering transparency and public 
trust. When the public can see data presented in an honest, accessible, and visually engaging way, it builds 
credibility for health agencies and encourages community participation. During vaccine rollouts, for instance, 
visual dashboards showing transparent data on side effects, efficacy, and population coverage helped counter 
misinformation and vaccine hesitancy. Visualizations also play a key role in advocating for health equity 
(Adepoju et al., 2024, Folorunso et al., 2024, Olamijuwon & Zouo, 2024). By disaggregating data by race, 
gender, income, and geography, visual tools can expose disparities in health outcomes and access to services, 
prompting targeted actions to address structural inequalities. Visual summary of data visualizations and 
analytics presented by Morris et al., 2024, is shown in figure 3. 
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Figure 3. Visual summary of data visualizations and analytics (Morris, et al., 2024). 

While data visualization is not a substitute for rigorous statistical analysis, it complements traditional 
methods by enabling faster insights and broader engagement. It democratizes data by making it accessible to 
non-specialists while still supporting complex analysis by professionals. Whether used for surveillance, 
planning, communication, or advocacy, visualization tools are becoming indispensable components of public 
health infrastructure (Abieba, Alozie & Ajayi, 2025, Chintoh et al., 2025, Oso et al., 2025). 

However, realizing the full potential of data visualization in public health requires attention to design 
quality, data accuracy, and contextual relevance. Poorly designed visuals can mislead or confuse, while 
inaccurate or outdated data can result in misguided decisions. Therefore, public health professionals must be 
equipped not only with access to powerful visualization tools but also with the skills to interpret and 
communicate data responsibly. Cross-disciplinary collaboration between data scientists, health experts, 
designers, and communication specialists is essential to ensure that visualizations are both technically sound 
and contextually meaningful (Ayo-Farai et al., 2023, Babarinde et al., 2023). 

In conclusion, data visualization plays a foundational role in enhancing decision-making across all 
levels of public health practice. By transforming complex datasets into interpretable and actionable formats, 
visualization empowers professionals to uncover trends, communicate findings effectively, and support 
evidence-based policies that improve population health outcomes (Adhikari et al., 2024, Edoh et al., 2024, 
Odionu et al., 2024). Its role in real-time surveillance, crisis response, community engagement, and policy 
development underscores its importance as more than just a technical accessory—it is a strategic asset in 
building a responsive, transparent, and data-informed public health system. As technology continues to evolve, 
the integration of advanced visualization techniques will only grow more central to how we understand and 
address public health challenges. 
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4. CATEGORIES OF DATA VISUALIZATION TOOLS 

Data visualization tools used in public health can be broadly categorized based on their intended audience, 
level of technical expertise required, and the types of insights they enable. These categories generally include 
general-purpose visualization tools, programming-based tools, and domain-specific tools tailored to the health 
sector. Each category offers unique advantages and limitations, and the choice of tool often depends on the 
specific goals of a project, the users' proficiency, and the nature of the data being analyzed (Ariyibi et al., 
2024, Chintoh et al., 2024, Olorunsogo et al., 2024). 

General-purpose data visualization tools are among the most widely used in public health settings due to 
their user-friendly interfaces and robust capabilities. Microsoft Power BI, Tableau, and Microsoft Excel fall 
into this category and are commonly adopted across public and private health organizations. Microsoft Power 
BI is known for its powerful dashboarding capabilities, seamless integration with other Microsoft products, 
and support for real-time data connections (Adepoju et al., 2022, Ogbeta Mbata & Udemezue, 2022). It enables 
public health professionals to create interactive visualizations, filterable reports, and performance monitoring 
dashboards with relative ease. Power BI is particularly effective in organizational contexts where data is stored 
in cloud services or Microsoft ecosystems, allowing for dynamic linking and automated updates (Oladosu et 
al., 2021). 

Tableau, another prominent general-purpose tool, is widely appreciated for its intuitive drag-and-drop 
interface, high-quality graphics, and ability to handle large datasets. It offers a broad range of visualization 
options, including time-series graphs, choropleth maps, treemaps, and scatter plots, making it suitable for a 
variety of public health applications—from disease surveillance to health equity analysis. Tableau also 
supports the blending of different data sources, enabling users to create composite dashboards that provide 
holistic views of health indicators across regions or demographics (Adigun et al., 2024, Hussain et al., 2024, 
Ohalete et al., 2024). 

Microsoft Excel, while more limited in interactivity and aesthetics compared to Power BI and Tableau, 
remains a staple in public health due to its accessibility, simplicity, and compatibility with other tools. Many 
public health professionals are already trained in Excel, making it a low-barrier entry point for creating basic 
charts, pivot tables, and conditional formatting-based visuals. However, Excel’s limitations become apparent 
when working with large datasets or requiring advanced interactivity and automation (Adelodun & Anyanwu, 
2024, Folorunso et al., 2024, Oshodi et al., 2024). 

Despite their ease of use, general-purpose tools also have constraints. While they allow users to build 
visualizations without programming knowledge, their flexibility is limited when complex customization or 
algorithmic processing is needed. In addition, some of these tools, particularly Tableau and Power BI, require 
licensing fees that may be a barrier for smaller organizations or programs operating in low-resource settings 
(Ayo-Farai et al.. 2024, Ike et al., 2024, Olorunsogo et al., 2024). 

For users with technical expertise and specific visualization needs, programming-based tools such as R 
and Python provide unmatched flexibility and depth. These tools enable users to create highly customized 
visualizations tailored to specific public health scenarios, often incorporating advanced statistical or machine 
learning models.  
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Park et al., 2022, presented a summary of experimental and quasi-experimental studies, categorized by 
study design, intervention, participants, outcome measures, including mediating and moderating factors, as 
shown in figure 4. 

 

 

Figure 4. Summary of experimental and quasi-experimental studies, categorized by study design, 
intervention, participants, outcome measures, including mediating and moderating factors (Park et al., 2022). 

In R, packages like ggplot2 are widely used for producing static and aesthetically refined graphics, 
based on the Grammar of Graphics framework. Public health analysts use ggplot2 to create publication-quality 
charts that can convey complex statistical relationships in a clean, interpretable format. For interactive and 
web-based visualizations, Shiny—another R package—allows users to develop browser-based applications 
that facilitate real-time data exploration (Afolabi, Chukwurah & Abieba, 2025, Chintoh et al., 2025, Oso et 
al., 2025). A Shiny app could, for instance, allow epidemiologists to simulate outbreak scenarios or explore 
demographic trends by adjusting input parameters, with the resulting visualizations updating instantly. 

Python offers similar capabilities through libraries such as Matplotlib, Seaborn, and Plotly. Matplotlib 
serves as the foundation for many scientific visualizations in Python and is highly customizable, although it 
requires more code for producing simple plots. Seaborn builds on Matplotlib and introduces more elegant 
default styles and functions for creating statistically informed plots, such as violin plots, pair plots, and 
heatmaps. Plotly stands out for enabling interactive visualizations, both for dashboards and web applications 
(Adepoju et al., 2024, Chintoh et al., 2024, Sule et al., 2024). With Plotly, users can build dynamic charts that 
respond to user input—ideal for exploratory data analysis or stakeholder presentations. 
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The main strength of programming-based tools is their adaptability. They can handle complex data 
manipulations, allow for integration with modeling workflows, and support automation and reproducibility—
crucial aspects in modern public health research. These tools also facilitate transparency, as code can be 
shared, peer-reviewed, and modified as needed. However, they require a higher level of programming 
proficiency, which can limit their use among non-technical staff (Alli & Dada, 2023,  Hussain et al., 2023). 
Moreover, the time investment needed to learn and maintain code-based workflows may pose a barrier for 
teams under tight deadlines or lacking dedicated data science personnel. 

In contrast, domain-specific tools are explicitly designed for public health applications, often 
developed by or in partnership with health organizations. These tools aim to meet the unique needs of public 
health professionals, offering built-in functionalities that align with surveillance, outbreak response, program 
monitoring, and policy planning (Adekola et al., 2023, Ikwuanusi, Adepoju & Odionu, 2023). WHO 
HealthMapper is one such tool that supports the mapping and visualization of disease incidence and health 
indicators across geographic regions. It was initially developed to assist in the monitoring of neglected tropical 
diseases and vaccine-preventable diseases, providing spatial analysis capabilities for global health initiatives. 
The tool is tailored to users with minimal GIS training, allowing for easy input of health data and the 
production of maps to guide interventions and resource allocation. 

CDC Epi Info is another prominent example. Developed by the U.S. Centers for Disease Control and 
Prevention, Epi Info is a free software package that includes tools for data entry, analysis, and visualization. 
It is especially useful in field epidemiology, enabling public health workers to design surveys, collect data, 
and immediately visualize trends. Epi Info’s strength lies in its simplicity and integration with public health 
methodologies, such as outbreak investigations and case-control studies (Atta et al., 2021, Dirlikov, 2021). 
While it lacks the graphic polish of commercial tools, its built-in statistical and epidemiological functions 
make it uniquely valuable to disease control programs. 

DHIS2 (District Health Information Software 2) is widely used across low- and middle-income countries 
as a health information management platform. It supports data collection, aggregation, and visualization at 
multiple levels—from clinics to national programs. The system includes built-in dashboards and charting tools 
that enable real-time monitoring of immunization coverage, maternal health indicators, disease surveillance, 
and more. One of DHIS2’s strengths is its modularity and support for mobile data entry, making it suitable 
for decentralized health systems with limited infrastructure (Ayo-Farai et al.. 2023, Babarinde et al., 2023). 
Its open-source nature also allows for localization and adaptation to different country contexts. 

These domain-specific tools are especially advantageous because they align with public health 
reporting standards, offer pre-configured templates for health indicators, and often include support and 
training resources tailored to public health practitioners. However, their limitations include less aesthetic 
flexibility and limited support for integration with non-health datasets. Additionally, as they are typically 
optimized for specific use cases, they may not be well-suited for exploratory data analysis or advanced 
modeling without additional tools (Adepoju et al., 2022, Opia, Matthew & Matthew, 2022). 

In summary, the landscape of data visualization tools in public health spans a spectrum from general-
purpose platforms to advanced programming libraries and specialized domain-focused applications. General-
purpose tools like Power BI and Tableau offer accessibility and rich interactivity but can be cost-prohibitive 
or limited in customization. 
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 Programming-based tools like R and Python offer unparalleled flexibility and analytical power but 
require technical expertise (Jahun et al., 2021, Ogbeta, Mbata & Udemezue, 2021). Domain-specific tools 
such as WHO HealthMapper, CDC Epi Info, and DHIS2 cater to the unique needs of public health 
professionals, offering focused solutions that are practical and scalable in real-world health systems. 
Understanding the strengths and limitations of each category enables public health organizations to select the 
most appropriate tools for their goals, capacity, and data context—ultimately enhancing the role of analytics 
in promoting population health. 

5. COMMON VISUALIZATION TECHNIQUES IN PUBLIC HEALTH 

Data visualization plays a crucial role in shaping how public health data is interpreted, communicated, and 
acted upon. To effectively support decision-making, a wide range of visualization techniques are employed to 
represent complex health data in meaningful, accessible formats. Among the most widely used visualization 
techniques in public health are geospatial visualizations, temporal visualizations, dashboards and interactive 
interfaces, and infographics and summary reports (Afolabi, Chukwurah & Abieba, 2025, Edwards et al., 
2025). Each serves a unique function in translating data into insights that inform policies, strategies, and public 
awareness. 

Geospatial visualizations are foundational in public health due to their capacity to communicate the 
geographic distribution of health events and resources. These visualizations provide intuitive, spatially 
grounded representations of data, enabling users to identify hotspots, monitor the spread of diseases, and 
allocate healthcare resources more effectively. Among the most common geospatial tools are choropleth maps, 
which use varying shades of color to represent the intensity or frequency of a particular health indicator—
such as COVID-19 incidence rates, vaccination coverage, or access to clean water—across administrative 
units like countries, states, or districts (Azubuike et al., 2024, Chintoh et al., 2024, Odionu et al., 2024). These 
maps help policymakers and health workers quickly identify areas of concern and prioritize interventions 
based on the magnitude of the problem. 

Heat maps, another common geospatial visualization, are particularly effective for illustrating density or 
activity in specific regions. For example, emergency department visits or outbreak notifications can be plotted 
on a heat map to highlight clusters of activity, making it easier to detect emerging health threats or to evaluate 
the impact of localized interventions. Unlike choropleth maps, which aggregate data by region, heat maps 
often use data points or grid systems to show intensity across continuous geographic space, offering a more 
granular view of spatial trends (Adelodun & Anyanwu, 2025, Ibeh et al., 2025, Oso et al., 2025). 

More advanced geospatial techniques rely on Geographic Information Systems (GIS), which combine 
multiple data layers—such as demographic information, infrastructure, and environmental factors—on 
interactive maps. GIS mapping enables public health practitioners to conduct in-depth spatial analysis, such 
as evaluating the relationship between air pollution and asthma prevalence or identifying underserved areas 
that lack nearby healthcare facilities (Adepoju et al., 2023, Balogun et al., 2023). By integrating diverse 
datasets into a single visual framework, GIS tools support complex epidemiological and environmental 
analyses that inform comprehensive public health planning. 

Temporal visualizations are another essential technique in public health, particularly for tracking disease 
progression and evaluating intervention timing. 
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 Time-series plots, which display data points across a chronological axis, are widely used to illustrate 
trends in case counts, mortality rates, or vaccination uptake over time. These visualizations help public health 
professionals understand the trajectory of diseases, compare historical patterns, and predict future 
developments (Adelodun & Anyanwu, 2024, Kelvin-Agwu et al., 2024, Olorunsogo et al., 2024). For example, 
a time-series chart showing the progression of an influenza season can guide public messaging about 
prevention and inform resource allocation for hospitals and clinics. 

Such plots also help evaluate the impact of interventions by allowing users to visualize changes before 
and after specific policy implementations. For instance, when a new smoking ban is introduced in a city, time-
series data on respiratory-related hospital admissions can reveal whether the policy has had a measurable 
health impact. In outbreak scenarios, these plots are invaluable for monitoring the effectiveness of containment 
measures and for updating stakeholders with real-time information on the epidemic curve (Alli & Dada, 2022, 
Ige et al., 2022). 

Beyond individual plots, the integration of temporal data into interactive platforms enhances the analytical 
power of visualizations. Features such as sliders or play buttons allow users to animate the progression of 
disease over time, providing an intuitive sense of how outbreaks evolve spatially and temporally. These 
dynamic tools are particularly useful for education and public communication, as they make data more 
engaging and easier to understand for non-specialist audiences (Austin-Gabriel et al., 2021, Dirlikovet al., 
2021). 

Dashboards and interactive interfaces represent a comprehensive approach to data visualization, 
combining multiple visualization types into a single, user-friendly interface. These platforms provide real-
time or regularly updated overviews of key health indicators and are widely used by ministries of health, 
international agencies, hospitals, and academic institutions (Ayo-Farai et al.. 2023, Ikwuanusi, Adepoju & 
Odionu, 2023). A well-designed public health dashboard may include choropleth maps, time-series graphs, 
pie charts, and bar charts, all linked by filters that allow users to explore the data by region, age group, disease 
type, or other relevant categories. 

One of the major advantages of dashboards is their ability to synthesize large volumes of heterogeneous 
data into coherent and actionable summaries. For instance, a COVID-19 surveillance dashboard might 
integrate case counts, testing positivity rates, hospital bed occupancy, and vaccine distribution data into one 
centralized interface. This not only aids in real-time monitoring but also supports strategic planning by 
allowing users to compare metrics and spot correlations or anomalies (Adepoju et al., 2023, Ike et al., 2023). 
Interactive dashboards also empower local decision-makers by providing access to tailored insights without 
requiring advanced technical expertise. 

Dashboards can also facilitate collaboration between different stakeholders. Public health professionals, 
emergency responders, researchers, and policymakers can use the same platform to view current conditions, 
coordinate responses, and align their actions. Moreover, the ability to embed links, download reports, and 
integrate with other systems enhances the utility of dashboards in fast-paced or resource-constrained 
environments (Adaramola et al., 2024, Kelvin-Agwu et al., 2024, Temedie-Asogwa et al., 2024). 
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Infographics and summary reports serve as another critical visualization technique, especially for 
communication with non-technical audiences such as policymakers, community leaders, and the general 
public. Infographics distill complex datasets into visually compelling narratives that highlight key messages, 
often using a combination of icons, charts, illustrations, and concise text. These tools are designed to maximize 
clarity, engagement, and retention, making them ideal for awareness campaigns, public health education, and 
advocacy (Afolabi, Chukwurah & Abieba, 2025, Odionu et al., 2025). 

For example, an infographic about childhood immunization may use bar charts to compare coverage 
rates across regions, a map to show service availability, and stylized figures to represent children protected by 
vaccines. The result is a snapshot of important information that is both informative and visually appealing. 
Such visual tools have proven particularly effective in combating misinformation and promoting behavior 
change during public health crises (Ayanbode et al., 2024, Majebi, Adelodun & Anyanwu, 2024, Zouo & 
Olamijuwon, 2024). During the Ebola outbreak and the COVID-19 pandemic, infographics were instrumental 
in explaining hygiene practices, dispelling myths, and encouraging vaccination. 

Summary reports often include static versions of charts and graphs used in dashboards but formatted 
for print or digital sharing. These documents are typically created for high-level decision-making and serve as 
executive summaries of surveillance data, research findings, or program evaluations. They enable stakeholders 
to quickly grasp key points and make informed decisions without delving into technical details (Ayo-Farai et 
al.. 2024, Oddie-Okeke et al., 2024, Uwumiro et al., 2024). By combining narrative context with visual 
elements, summary reports bridge the gap between data analysis and strategic action. 

Overall, the use of diverse visualization techniques in public health enhances every stage of the data 
lifecycle—from initial exploration and hypothesis generation to communication and policy implementation. 
Geospatial visualizations enable spatial awareness and resource targeting. Temporal visualizations provide 
critical insights into how health phenomena evolve over time (Adepoju et al., 2023, Balogun et al., 2023. 
Dashboards consolidate real-time data into actionable intelligence. Infographics and summary reports ensure 
that essential information reaches the right audiences in the right format. Together, these techniques form a 
powerful toolkit for advancing data-driven decision-making in public health, contributing to more effective 
interventions, more responsive policies, and better health outcomes for communities worldwide. 

6. APPLICATIONS IN PUBLIC HEALTH PRACTICE 

Data visualization has become an indispensable component of modern public health practice, serving as a 
vital bridge between complex datasets and actionable insights. Its ability to transform vast amounts of raw 
data into comprehensible visual formats has revolutionized how public health professionals detect, respond 
to, and communicate about health events. By enabling a clearer understanding of emerging patterns, 
disparities, and intervention outcomes, data visualization supports timely, informed decision-making across a 
wide spectrum of public health functions (Ayo-Farai et al., 2024, Odionu et al., 2024, Olowe et al., 2024). 

One of the most prominent applications of data visualization in public health is disease surveillance and 
outbreak monitoring. Surveillance systems rely heavily on the timely collection, analysis, and interpretation 
of health-related data to track the incidence and spread of infectious diseases. 
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Visualization tools enhance these systems by offering real-time representations of epidemiological trends, 
which are crucial for identifying hotspots, tracking transmission, and initiating control measures (Adelodun 
& Anyanwu, 2024, Kelvin-Agwu et al., 2024). For example, during an outbreak of an infectious disease like 
COVID-19, visualization platforms such as dashboards and animated time-series maps can display the 
geographical distribution of confirmed cases, hospitalization rates, testing data, and mortality figures. These 
visualizations allow health officials to quickly assess the trajectory of the outbreak and determine the 
effectiveness of mitigation efforts such as lockdowns, testing campaigns, or vaccination rollouts (Alli & Dada, 
2024, Fasipe & Ogunboye, 2024, Ogundairo et al., 2024). 

Choropleth maps, line graphs, and heat maps are frequently used to show temporal and spatial patterns of 
disease spread. These tools help localize clusters of infections and support the deployment of targeted 
interventions. In cases of vector-borne diseases like malaria or dengue, integration with geospatial and 
environmental data allows public health teams to understand seasonal trends, identify high-risk areas, and 
anticipate future outbreaks based on weather patterns or habitat conditions (Alli & Dada, 2024, Fasipe & 
Ogunboye, 2024, Ogundairo et al., 2024). Visualization also supports syndromic surveillance systems, where 
unusual increases in symptoms such as fever or respiratory distress across healthcare facilities can be visually 
flagged, triggering alerts even before laboratory confirmation of a specific pathogen. 

In the realm of vaccination coverage and health campaigns, data visualization plays a critical role in 
planning, monitoring, and evaluating public health initiatives. Effective immunization strategies require 
timely data on who is being vaccinated, where gaps exist, and how coverage evolves over time (Ayinde et al., 
2021, Hussain et al., 2021). Visualization tools can display vaccination rates by region, age group, or 
population segment, helping health officials identify areas with low uptake and direct outreach efforts 
accordingly. For example, dashboards showing daily or weekly vaccine coverage across different districts can 
inform logistics teams about where additional doses or staff are needed. Time-lapse maps can illustrate 
progress in real-time and motivate continued participation in vaccination campaigns by showing clear results 
(Adepoju et al., 2023, Ezeamii et al., 2023). 

Moreover, when dealing with vaccine-preventable diseases, visualizations can link coverage data with 
disease incidence rates, highlighting the protective effects of immunization and reinforcing the urgency of 
closing immunity gaps. These visual tools are essential during large-scale health campaigns, such as polio 
eradication efforts or HPV vaccination drives, where the visualization of progress can help coordinate multi-
level stakeholders, including governments, international partners, and local health workers (Adegoke et al., 
2022, Patel et al., 2022). In addition, public dashboards used during the COVID-19 pandemic helped maintain 
public trust by transparently showing vaccine availability, eligibility phases, side effect tracking, and uptake 
trends. 

Resource allocation and health system performance assessment represent another domain where data 
visualization delivers substantial value. In many health systems, decisions about where to allocate personnel, 
supplies, and infrastructure are influenced by a combination of service demand, performance metrics, and 
demographic data. Visualization tools help synthesize these inputs and present them in a manner that supports 
strategic planning and resource optimization (Afolabi et al., 2023, Ikwuanusi, Adepoju & Odionu, 2023). For 
instance, maps and bubble charts displaying facility utilization rates, staffing shortages, or the availability of 
intensive care units (ICUs) across a network of hospitals can help central administrators redistribute resources 
in response to shifting needs. 
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Visualization is also used to track performance indicators such as maternal and child health outcomes, 
antenatal care visits, hospital readmission rates, and patient satisfaction scores. Dashboards designed for 
performance monitoring provide real-time feedback to healthcare managers and policymakers, allowing them 
to intervene where performance is lagging and replicate success stories across regions (Adepoju et al., 2023, 
Nnagha et al.,2023). For example, in community health programs, visual scorecards that combine multiple 
indicators—such as child nutrition, vaccination, and sanitation—can offer a holistic view of community health 
and guide the allocation of additional support or funding. 

Furthermore, visualization tools facilitate scenario planning and modeling. When used in conjunction 
with predictive analytics, visual interfaces can help simulate the impact of policy changes or new 
interventions, such as expanding access to primary care or introducing telehealth services. These simulations 
can help policymakers weigh trade-offs and make evidence-based decisions about health investments (Ajayi 
et al., 2024, Ezeamii et al., 2024, Ohalete et al., 2024). 

 In addition to supporting internal decision-making, data visualization is instrumental in enhancing 
public awareness and health communication. Communicating health risks and behaviors to the public is a core 
function of public health, and visual tools play a vital role in making this communication accessible and 
persuasive. Infographics, interactive charts, and simplified data summaries enable complex information to be 
shared with communities in ways that are engaging, clear, and memorable (Adelodun & Anyanwu, 2024, 
Kelvin-Agwu et al., 2024, Zouo & Olamijuwon, 2024). 

 During public health emergencies, timely and transparent communication is essential to build trust and 
drive compliance with health guidelines. Visualizations that display the number of cases, hospitalizations, and 
recovery rates help the public understand the scale and trajectory of an outbreak (Adepoju et al., 2023, 
Nwaonumah et al., 2023). Such tools were pivotal during the COVID-19 pandemic, when global dashboards 
such as those maintained by the Johns Hopkins University and national health agencies became daily reference 
points for millions of people. These platforms provided essential updates on public health restrictions, 
vaccination progress, and international comparisons, allowing individuals and organizations to make informed 
decisions about travel, work, and social activities. 

 Visualization also plays a crucial role in combating misinformation. By clearly presenting accurate 
data in compelling visual formats, health agencies can counteract rumors, clarify misconceptions, and 
reinforce evidence-based practices. For example, visually explaining how vaccines work, how diseases spread, 
or how public health interventions flatten the epidemic curve can improve public understanding and support 
behavior change (Adelodun & Anyanwu, 2025, Ige et al., 2025). These techniques are especially important in 
culturally and linguistically diverse settings, where visual communication can overcome language barriers and 
resonate across different educational backgrounds. 

 Moreover, data visualization can be used to foster community engagement and participatory health 
planning. Community health dashboards that display local health statistics and allow users to explore their 
own neighborhood’s data can empower individuals to advocate for better services and participate in public 
health decision-making. Such localized visualizations can spotlight disparities and encourage policy action to 
address structural inequalities in health outcomes (Alli & Dada, 2023, Majebi et al., 2023). 
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 In summary, the applications of data visualization in public health practice are both vast and impactful. 
From real-time disease surveillance to vaccination campaign planning, resource allocation, system 
performance tracking, and public communication, visualization tools transform raw data into actionable 
insights (Adepoju et al., 2023, Ogbeta et al., 2023). They enable public health professionals to act swiftly, 
target interventions more precisely, and engage diverse stakeholders in a shared understanding of health 
priorities. As technology continues to advance, the integration of data visualization into all levels of public 
health practice will only deepen, supporting more agile, equitable, and effective responses to the complex 
health challenges of our time (Adekola et al., 2023, Ezeamii et al., 2023). 

7. CHALLENGES AND LIMITATIONS 

 While data visualization offers immense value in enhancing public health decision-making, the 
adoption and effective use of these tools are not without significant challenges and limitations. As public 
health systems become more reliant on data-driven insights, it becomes increasingly important to recognize 
the technical, ethical, and operational barriers that can hinder the effective deployment of visualization 
techniques. Addressing these challenges is essential for ensuring that the full potential of data visualization in 
public health is realized and that insights derived from visualized data are both accurate and actionable (Ajayi 
et al., 2025, Ogbeta, Mbata & Udemezue, 2025). 

 One of the most persistent challenges lies in the quality and standardization of public health data. 
Effective data visualization is only as reliable as the data it represents. Unfortunately, public health data is 
often riddled with inconsistencies, missing values, outdated entries, and errors stemming from manual data 
entry or fragmented reporting systems. Variations in data collection methods across institutions and regions 
can lead to incompatibility and reduce the validity of visual comparisons (Adepoju et al., 2024, Kelvin-Agwu 
et al., 2024, Shittu et al., 2024). For example, differences in how cases of a disease are defined or recorded 
across states or countries can result in misleading choropleth maps or trend analyses that do not reflect the 
true nature of the situation. 

 Standardization is equally critical but difficult to achieve across the multiple layers of health 
information systems. Public health data often originates from a diverse array of sources—electronic health 
records, laboratory databases, surveys, mobile health applications, and more—each of which may use different 
formats, terminologies, and coding systems. Without common data standards, integrating these datasets for 
visualization becomes a labor-intensive process that risks data misinterpretation or omission (Adelodun & 
Anyanwu, 2024, Majebi, Adelodun & Anyanwu, 2024). This problem is especially acute in global health 
settings, where cross-border comparisons are essential, but disparities in data collection standards can distort 
regional analyses or global dashboards. 

 In addition to technical concerns, privacy and ethical issues pose major challenges to the effective use 
of data visualization in public health. Health data is inherently sensitive, often containing personally 
identifiable information and details about individual health conditions, treatment histories, and geographic 
locations. Visualizations that map health outcomes by region or population group—especially when highly 
localized—can inadvertently reveal identities or stigmatize communities (Alli & Dada, 2023, Fagbule et al., 
2023). For example, heat maps that show high rates of sexually transmitted infections in a specific 
neighborhood may lead to social stigma or discrimination, especially if the underlying population is small or 
demographically distinct. 



- 416 - 
 

World Scientific News 203 (2025) 416-438 

 The risk of re-identification through visualized data is heightened when datasets are linked or made 
interactive. Even when names and identifiers are removed, combining information such as age, gender, and 
location may allow for individuals to be identified indirectly. As a result, public health agencies must carefully 
balance the need for data transparency with the ethical obligation to protect privacy (Adepoju et al., 2024, 
Ezeamii et al., 2024, Okhawere et al., 2024). This balancing act becomes even more complex when 
visualizations are shared publicly or used in policy advocacy, where the context and interpretation of the data 
can shift rapidly. Ethical guidelines and data governance frameworks must be in place to ensure that 
visualization practices uphold the rights and dignity of individuals while still informing public decision-
making (Adelodun et al., 2018, Ike et al., 2021). 

 Another significant barrier to the widespread use of data visualization in public health is tool usability 
and digital literacy. Many advanced visualization platforms and programming-based tools require specialized 
knowledge in data science, software operation, and statistical reasoning. Public health professionals, 
particularly those in resource-limited settings, may lack the technical training or access needed to fully utilize 
these tools. Even when tools are designed to be user-friendly, the absence of foundational digital literacy can 
limit their adoption (Ajayi, Alozie & Abieba, 2025, Ekeh et al., 2025). This is especially true for health 
workers who have not been trained in interpreting graphs, filtering data interactively, or distinguishing 
between correlation and causation. 

 The digital divide further exacerbates this issue, as regions with limited internet connectivity, outdated 
computer systems, or low technology penetration may not have the infrastructure required to support modern 
visualization tools. In such settings, static visualizations or printed reports remain the norm, limiting the 
interactivity and real-time responsiveness that digital dashboards can offer. In turn, this hampers the ability of 
health departments to respond quickly to emerging threats or to engage communities through accessible, visual 
data stories (Adepoju et al., 2024, Majebi, Adelodun & Anyanwu, 2024). 

 Training programs and capacity-building initiatives are critical for overcoming these usability barriers, 
but they require time, funding, and institutional support. Additionally, developers of visualization tools must 
prioritize accessibility, ensuring that platforms are intuitive, mobile-friendly, and adaptable to various levels 
of user expertise. Multilingual support, culturally relevant design, and offline functionality can also enhance 
the reach and impact of visualization tools in diverse public health settings (Adelodun & Anyanwu, 2024, 
Obianyo et al., 2024, Olowe et al., 2024). 

 Interoperability across systems represents another formidable challenge. The effective use of data 
visualization in public health often depends on the seamless integration of multiple datasets originating from 
disparate systems. These systems might include hospital information systems, laboratory reporting platforms, 
national disease registries, immunization tracking tools, and population surveys (Anyanwu et al., 2024, 
Matthew et al., 2024, Okoro et al., 2024). Unfortunately, these systems are frequently siloed, using different 
software architectures, data models, and communication protocols. Without interoperability—the ability of 
these systems to exchange, understand, and use information consistently—visualizations cannot provide a 
complete or coherent picture of public health conditions. 

 Lack of interoperability can lead to duplication of efforts, data silos, and fragmented insights. For 
example, if vaccination data is stored separately from disease surveillance data, it becomes difficult to 
visualize and analyze the correlation between immunization rates and disease incidence.  
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 Likewise, if health facility performance metrics are not linked to population demographics, dashboards 
may fail to reflect important contextual factors such as age distribution, income levels, or urban-rural 
disparities (Alozie et al., 2024, Ezeamii et al., 2024, Okobi et al., 2024). Bridging these data silos requires 
technical solutions such as APIs, data harmonization protocols, and interoperability standards like HL7 or 
FHIR, but also institutional cooperation and governance structures that promote data sharing while 
safeguarding privacy. 

 Moreover, proprietary systems often pose limitations on data export and integration, complicating 
efforts to create unified visualizations across multiple platforms. Many health organizations are locked into 
specific vendors or software solutions that do not support open data formats or interconnectivity. Advocating 
for open-source tools and interoperable platforms can help address this issue, but doing so requires buy-in 
from stakeholders, policy changes, and sometimes significant investment in system overhauls (Adepoju et al., 
2024, Kelvin-Agwu et al., 2024, Oladosu et al., 2024). 

 In conclusion, while data visualization has immense potential to enhance decision-making in public 
health, several challenges and limitations must be addressed to ensure its effectiveness and ethical application. 
Issues related to data quality and standardization, privacy and ethical concerns, tool usability and digital 
literacy, and system interoperability all influence how well visualizations serve their intended purpose 
(Ogundairo et al., 2023, Uwumiro et al., 2023). Overcoming these challenges requires a combination of 
technical innovation, policy development, capacity building, and stakeholder engagement. By investing in the 
necessary infrastructure, training, and governance frameworks, public health systems can better leverage 
visualization tools to improve transparency, responsiveness, and ultimately, health outcomes across diverse 
populations. 

8. FUTURE DIRECTIONS 

 The future of data visualization in public health is poised to evolve rapidly, driven by advances in 
technology, increasing data availability, and growing demand for more responsive, transparent, and evidence-
based public health systems. As the field continues to mature, emerging directions point toward deeper 
integration with artificial intelligence and predictive analytics, wider adoption of open-source and cloud-based 
platforms, enhanced investments in capacity building and training, and the establishment of standardized 
evaluation frameworks to ensure consistent and high-quality implementation (Akinade et al., 2022, Patel et 
al., 2022). Together, these developments promise to elevate the role of data visualization from a supporting 
function to a central pillar in public health decision-making. 

 One of the most transformative directions in public health data visualization is its integration with 
artificial intelligence (AI) and predictive analytics. As health data becomes increasingly complex and 
voluminous, AI offers powerful tools to analyze patterns, forecast trends, and uncover hidden insights that 
traditional methods may miss. Visualization, in this context, acts as the bridge between advanced analytics 
and human understanding (Akinade et al., 2021, Bidemi et al., 2021). By integrating visualization with AI 
algorithms, public health professionals can not only view historical data but also explore predictive models 
that estimate future disease outbreaks, healthcare demand, or the spread of behavioral health trends. 
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 For example, machine learning models that predict hospital readmissions, vaccine hesitancy, or 
infectious disease outbreaks can be paired with visual dashboards to display risk scores, probabilistic forecasts, 
and confidence intervals in an intuitive format. These predictive visualizations allow decision-makers to take 
preemptive action—such as deploying mobile clinics or launching awareness campaigns—based on 
anticipated needs (Adepoju, et al., 2025, Amafah et al., 2025, Ige et al., 2025). Moreover, natural language 
processing (NLP) can be used to analyze unstructured data like physician notes or social media posts, with 
findings visualized as word clouds, sentiment graphs, or topic networks, providing additional layers of insight. 
The challenge will be ensuring that these visualizations remain interpretable and actionable, especially for 
users who may not have a technical background in data science. 

 Alongside AI integration, the adoption of open-source and cloud-based solutions is set to redefine how 
public health organizations access, share, and scale data visualization tools. Open-source platforms such as R, 
Python, and D3.js offer customizable and cost-effective alternatives to commercial software, making them 
especially valuable in low-resource settings. These tools not only support the development of tailored 
visualizations but also foster innovation through collaborative development communities (Ajayi, Alozie & 
Abieba, 2025, Ekeh et al., 2025). Public health agencies can benefit from open-source libraries and templates 
that reduce development time and encourage the use of best practices in data visualization design. 

 Cloud-based platforms further enhance the reach and scalability of visualization tools by enabling real-
time data access, remote collaboration, and seamless integration across systems. In a cloud-based 
environment, dashboards and visualization applications can be updated automatically as new data becomes 
available, allowing health officials to monitor dynamic situations without manual intervention. This is 
particularly useful in crisis situations—such as pandemics, natural disasters, or mass vaccination efforts—
where rapid updates and coordinated action are essential (Anyanwu et al., 2024, Majebi, Adelodun & 
Anyanwu, 2024). Additionally, cloud platforms offer scalability that supports regional or national 
implementation, ensuring consistency in the presentation of data across jurisdictions while allowing for local 
customization. 

 However, the shift to open-source and cloud-based tools also raises new challenges, particularly in 
terms of data security, compliance with data protection regulations, and ensuring equitable access to 
technology infrastructure. Public health agencies must therefore adopt strong governance frameworks that 
balance the benefits of open access and real-time analytics with the responsibilities of safeguarding sensitive 
health information. 

 As data visualization tools and techniques become more central to public health operations, the 
importance of capacity building and training cannot be overstated. Many public health professionals currently 
lack the technical skills required to fully leverage advanced visualization tools, especially those involving 
code-based platforms or AI-driven analytics. Closing this skills gap will require a sustained commitment to 
workforce development, including the integration of data visualization training into public health education 
and continuing professional development programs (Adepoju et al., 2024, Kelvin-Agwu et al., 2024, Olowe 
et al., 2024). 

 Training programs should cover not only tool operation but also principles of visual design, data 
interpretation, and ethical communication.  
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 Public health practitioners must be equipped to critically evaluate visualizations for clarity, accuracy, 
and bias, as well as to communicate insights effectively to diverse audiences.  

 Tailored curricula, online learning modules, and peer-led communities of practice can help build these 
competencies at scale (Adelodun & Anyanwu, 2024, Ezeamii et al., 2024, Okoro et al., 2024). Training should 
also be inclusive, addressing digital literacy gaps among health workers in underserved or rural settings, and 
accommodating different learning styles and technological environments. 

 Capacity-building efforts should extend to cross-sector collaboration, bringing together data scientists, 
epidemiologists, designers, and communication experts to co-develop visual tools that are both analytically 
rigorous and user-friendly. These interdisciplinary teams can create more impactful visualizations by aligning 
analytical capabilities with real-world needs, ensuring that data informs action in meaningful and context-
sensitive ways (Al Zoubi et al., 2022). 

 Finally, as data visualization becomes increasingly embedded in public health practice, the need for 
standardized evaluation frameworks will grow. Despite the proliferation of visualization tools, there remains 
a lack of consistent criteria to assess their effectiveness, usability, and impact. Without such standards, it 
becomes difficult to compare tools, replicate successful interventions, or justify investments in visualization 
initiatives. Developing robust evaluation frameworks can help ensure that visualizations meet high standards 
of quality, relevance, and ethical integrity (Matthew et al., 2021, Oladosu et al., 2021). 

 These frameworks should address multiple dimensions, including technical performance (such as load 
times and responsiveness), user experience (such as ease of navigation and interpretability), and public health 
impact (such as decision-making effectiveness or behavior change outcomes). Evaluation should also consider 
whether visualizations are accessible to diverse audiences, including those with limited digital literacy or 
disabilities. Incorporating user feedback into the development and refinement process can further enhance the 
utility and inclusiveness of visual tools (Akinade et al., 2025, Ekeh, et al., 2025). 

 Moreover, establishing standardized metrics for visualization success can support benchmarking and 
continuous improvement across health systems. Public health organizations can use these metrics to assess 
their progress in adopting visualization practices, identify areas for capacity enhancement, and align with 
national or international standards. In the long term, such frameworks can facilitate a more strategic and 
accountable approach to the use of visualization in public health, encouraging evidence-based investments 
and cross-institutional learning (Ogunboye et al., 2023, Ogundairo et al., 2023). 

 In conclusion, the future of data visualization in public health is rich with opportunity and innovation. 
By integrating visualization tools with AI and predictive analytics, leveraging open-source and cloud-based 
platforms, investing in comprehensive capacity building, and adopting standardized evaluation frameworks, 
public health systems can greatly enhance their ability to respond to emerging health challenges (Adepoju et 
al., 2022). These future directions not only promise more informed decision-making but also support greater 
transparency, efficiency, and equity in health outcomes. As visualization becomes increasingly central to 
public health analytics, it will play a critical role in shaping how we understand, address, and communicate 
about the health of populations in the digital age (Adelodun & Anyanwu, 2025, Ogbeta, Mbata & Udemezue, 
2025). 
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9. CONCLUSION 

 The review of data visualization tools and techniques in public health highlights the growing 
significance of visual analytics in driving informed, timely, and effective health decisions. As public health 
challenges become more complex and data sources more diverse, visualization has emerged as a crucial bridge 
between raw information and actionable insight. It enables public health professionals to understand trends, 
track disease outbreaks, monitor vaccination efforts, assess health system performance, and communicate 
critical information to both policymakers and the general public. From geospatial and temporal visualizations 
to interactive dashboards and infographics, the range of techniques explored in this review demonstrates the 
versatility and transformative power of data visualization in supporting population health. 

 Key insights from this review emphasize the importance of selecting appropriate visualization tools—
ranging from general-purpose platforms like Tableau and Power BI, to programming-based tools such as R 
and Python, and domain-specific tools like DHIS2 and Epi Info—based on the context, user expertise, and 
goals of the public health initiative. Visualization techniques not only make complex data understandable but 
also enhance stakeholder engagement, transparency, and accountability. Furthermore, integrating 
visualization with artificial intelligence, cloud computing, and real-time analytics significantly expands its 
capacity to predict, plan, and respond to health events with speed and precision. 

 As the role of data visualization continues to grow in data-driven health decision-making, it is essential 
for stakeholders to invest in strategies that support its effective use. Health agencies and governments should 
prioritize data quality and standardization to ensure that visual insights are accurate and comparable across 
systems. Ethical considerations, particularly regarding privacy and the responsible representation of sensitive 
health data, must be upheld in all visualization efforts. Training and capacity building should be embedded in 
public health education and workforce development, equipping professionals with the skills to design, 
interpret, and communicate through visual tools. Moreover, fostering cross-sector collaboration and adopting 
evaluation frameworks can ensure that visualizations are not only technically sound but also meaningful and 
inclusive. 

 In conclusion, data visualization is not merely a supplementary tool—it is a strategic asset that 
enhances the precision, clarity, and impact of public health practice. By embracing innovative visualization 
approaches and addressing existing challenges, stakeholders can strengthen data-informed decision-making, 
improve health outcomes, and build more resilient, responsive public health systems for the future. 
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