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Using Knowledge Visualization to Improve Health Knowledge Translation 
In this new age of misinformation, accurate and effective communication of health information is crucial. Over the last two decades, individuals have been increasingly using social media to seek and share health information (Chou et al., 2018). Social media platforms have gained broad participation among health information consumers from all social groups (Xiong & Liu, 2014). Health researchers, professionals, and organizations are also using this medium to disseminate health-related knowledge as it represents a new and efficient opportunity to increase health literacy (Funk et al., 2009; Kim et al., 2014). However, false or misleading health information may spread more easily than scientific knowledge (Levy & Strombeck, 2002; Vosoughi et al., 2018). Furthermore, a systematic review of 69 studies revealed that dominant health misinformation topics were related to smoking products and drugs, and major public health issues, such as vaccine hesitancy (Suarez-Lledo & Alvarez-Galvez, 2021). Thus, it is crucial to employ the latest strategies for disseminating evidence-based scientific knowledge effectively across the internet and via the most widely utilized social media platforms.

Knowledge translation (KT) is becoming an increasingly important method for communicating health-related research findings to broader public audiences. More specifically, KT serves as a valuable tool for bridging communication gaps between researchers and the public. However, research in the areas of healthcare services suggests that researchers often fail to translate their findings into practice and policy. Consequently, target stakeholders, such as individuals receiving health services, may fail to benefit optimally from advances in health research (Grimshaw et al., 2012). KT continues to be a field that is understudied and underappreciated in its potential for disseminating health-related research findings. Accordingly, discerning the strategies that can enhance the effectiveness of KT is of utmost importance.

Key Concepts 

	Across various scientific disciplines, different terms have described efforts to share evidence-based health information publicly. These terms include knowledge mobilization or translation, quality assurance, knowledge utilization, knowledge transfer and exchange, innovation diffusion, and implementation research (McKibbon et al., 2010; Tetroe et al., 2008). The terms knowledge translation or mobilization, often used interchangeably, have gained traction in Canada and globally over the last decade (Grimshaw et al., 2012). KT is an umbrella term encompassing a wide range of activities related to the production and use of research results, including knowledge synthesis, dissemination, transfer, exchange, and co-creation by researchers and knowledge users (Levin, 2008; Social Sciences and Humanities Research Council, 2023). The definition of KT recognizes that there are a wide range of stakeholders or target audiences for KT, including policy makers, professionals (i.e., healthcare practitioners), consumers (i.e., general public, parents, family members), researchers, and industry (Grimshaw et al., 2012).
Knowledge visualization (KV), a key component of KT, is a field of research that focuses on the creation and transfer of knowledge through the use of visualizations to support and facilitate communication between researchers and relevant stakeholders (Burkhard, 2005; Meyer, 2010). Using mainly text and numbers to communicate research findings, without complementary visualizations, is unlikely to meet the requirements of our modern technology- and knowledge-driven society (Meyer, 2010). In contrast, visual methods provide a powerful medium to contextualize text and numbers (Gavrilova et al., 2017). Across healthcare sectors, the primary objective of KV is to simplify complex data to make them user-friendly so that different stakeholders (e.g., healthcare providers and public audiences) can easily interpret and benefit from them. Benefits of adopting visualization techniques for KT include improving overall patient care, understanding disease trends, and minimizing misinformation by disseminating accurate health information (Abudiyab & Alanazi, 2022).

Design Criteria for Knowledge Visualizations 

	The process of translating knowledge is complex and susceptible to distortions, requiring a shared conceptual framework between the sender (i.e., the researcher) and the recipient (i.e., the general public) (Opiła, 2019). For instance, a discussion of how vaccines work to increase the body’s immunity against pathogens requires a shared knowledge of immunology, biology, patterns of introduction into the organism, and cellular mechanisms. Moreover, discussions of how vaccines promote population immunity requires a shared knowledge of immunology and epidemiology. Consequently, textual communications of complex health-related knowledge are likely to be ineffective. Similarly, verbal communications may hinder the perception of research results if the receiver lacks the necessary prerequisite knowledge to interpret scientific/research findings. Visuals represent the most attractive, legible, and digestible manner to communicate knowledge, especially to larger audiences. 

	In order for KV to be effective, graphics must meet certain visualization design criteria (van Biljon & Osei-Bryson, 2020). General KV criteria include trustworthiness, accessibility, and elegance (Kirk, 2016). Trustworthiness can be measured in terms of integrity, accuracy, and legitimacy. Accessibility is measured in terms of usefulness and understandability, and elegance in terms of aesthetics, balance, and parsimony (Kirk, 2016). Moreover, when using KV for KT,  certain guidelines should be followed (van Biljon & Osei-Bryson, 2020). These guidelines can be separated into two categories: content and format. The content of the visualization should capture the essence of the knowledge to be shared. The content should be appropriate for the target audience’s prior knowledge. The content should also be presented without redundancy and without unnecessary decoration (i.e., all graphical elements should have a function). Moreover, ambiguity should be minimized and relationships between concepts should be clearly shown. Table 1 summarizes content and format criteria for effective KV.

Table 1
Checklist for Visualization Content and Format 
	Criteria
	Guidelines

	Content
     Effectiveness
     Overview and Detail
     Accessibility
     Completeness
     Parsimony
     Clarity
     Connectedness
	
Does it capture the essence of the knowledge to be shared?
Does it present the knowledge on different levels of detail?
Is it appropriate for the target audience’s domain?
Is it appropriate for the target audience’s prior knowledge of the subject?
Are the concepts presented without redundancy and decoration?
Is the visualization without ambiguity?
Are the relationship between concepts clearly shown?

	Format
     Natural Representation
     
     Boundaries
     Symmetry
     Focus and Balance
    
     Consistency
     
     Simplicity
    
     Legend
     Dual Coding
     Colours
	
Are the visual images based on recognizable, familiar representations to support recognition?
Are the boundaries clear?
Is the visualization as symmetrical as possible?
Are the elements positioned to support the visual prominence of specific elements and the direction of the information flow?
Are the visual elements such as colour, symbols, shapes, etc. used consistently?
Is the number of concepts on each level of visualization a maximum of 7  2 objects?
Is there an accompanying item to provide explanations on symbols used?
Are both textual and visual representations used to present the knowledge?
Are colours used to support relating and differentiating images? Are colours used aesthetically? Context will prescribe since colours have different meanings in different contexts and cultures. Consider colour-blind viewers.


Note. Adapted from van Biljon & Osei-Bryson, 2020.

Good and Bad Examples of Knowledge Visualization

Example of a “Good” Knowledge Visualization Used for Knowledge Translation
	
In 2021, the Centers for Disease Control and Prevention (CDC) released a report describing the association between COVID-19 and myocarditis (i.e., inflammation of part of the heart muscle) using hospital-based administrative data (Boehmer et al., 2021). The goal of the report was to demonstrate that patients with COVID-19 had nearly 16 times the risk for myocarditis compared to patients who did not have COVID-19. The authors also wanted to highlight that these findings stress the importance of implementing evidence-based prevention strategies, including vaccination, to reduce the public health impact of COVID-19. The report is accompanied by a graphic to illustrate its primary take-home messages (see Figure 1). Importantly, the graphic meets the design criteria outlined by van Biljon and Osei-Bryson (2020). The visualization is trustworthy as it presents evidence-based information from a reliable and credible source, and it is accessible as it is easily understandable. Moreover, the content of the visualization captures the crux of the knowledge to be shared and does not contain redundant information or graphical elements. Critically, the two take-home messages of the report, that myocarditis occurs more frequently among COVID-19 patients and that vaccination is the best way to protect against COVID-19 complications, are effectively illustrated within the graphic. This example demonstrates the importance of using KV for KT. Without the graphic, the information presented in the report would be significantly less accessible to the general population who represents the CDC’s target audience in this example.
	
Examining Impact. In addition to the visualization being easily interpretable by the general public, the visualization also improved the impact that the report made across various social media platforms. Altmetric tracks online engagement to reveal how and where research is making an impact (Altmetric, 2023). The Altmetric attention score provides an indicator of the amount of attention a report receives, and this can be further indexed by the attention received via various media platforms. For instance, according to Altmetric, the Boehmer et al. (2021) CDC report was seen in 5,831 different X posts from 4,275 X users, with upwards of 23,876,844 followers. Importantly, upon further examination, the report’s visualization (Figure 1) appears in many of the X posts citing the report, highlighting the impact that visualizations can have when mobilizing research knowledge to the general public.

Figure 1
Myocarditis Occurs More Frequently Among COVID-19 Patients
[image: A blue and white background with text

Description automatically generated]
Note. Graphic from the Centers for Disease Control and Prevention (CDC) Morbidity and Mortality Weeky Report (MMWR) (Boehmer et al., 2021).


Examples of “Bad” Visualizations 

	Poor visualizations can easily mislead the public. Among many, common data visualization follies include cluttered numbers and graphics, the use of pie charts, missing context, unclear labelling, and poor colour and shading choices. Figure 2 depicts an example of a visualization with missing context (Foley, 2020). This graphic, created by the Arkansas Department of Health, shows the rate of preexisting health conditions in patients with COVID-19. Since the percentages are low and the scale goes up to 100 percent, it seems like having another condition like hypertension may not be that serious. However, research suggests that individuals with preexisting health conditions are more likely to experience severe cases of COVID-19 (Treskova-Schwarzbach et al., 2021). When this graphic was created, Arkansas had approximately 17,000 cases, which means that over 1,700 people who had COVID-19 may also have had hyperthension, and therefore were at risk of having a more severe case that could result in death (Foley, 2020). Yet, without this context, the data and information presented in the visualization is meaningless and misleading.

Figure 2
Rate of Preexisting Health Conditions in Patients with COVID-19
[image: A screenshot of a graph

Description automatically generated]
Note. Graphic taken from Foley, 2020.

	Used properly, colour can make it easier for the audience to understand the information you are communicating. As outlined by van Biljon & Osei-Bryson (2020), colours should be used to support the relating and differentiating aspects of the visualization. The context of the visualization should also be considered since colours have different meanings in different contexts and cultures. When colour is used incorrectly, it can cause confusion and be misleading. Some common issues that arise when incorporating colour into visualizations include using too many colours, using familiar colours (e.g., red and green) in surprising ways, using colours with little contrast, and not accounting for viewers who may be colourblind (Stobierski, 2021). Figure 3 provides an example of improper colour use. This figure depicts a US map chart showing virus infection rates from state to state, with colours representing different concentrations of positive cases. Typically, map charts leverage different shades within the same colour family. For instance, the lighter the shade, the fewer the cases in that state, and the darker the shade, the more cases in that state. However, this example is going against this assumption and uses a darker red colour to indicate fewer cases. Although not inherently wrong, using colour in this surprising way may confuse the viewer and decrease the impact of the visualization.

Figure 3
US Map Depicting COVID-19 Virus Infection Rates from State to State
[image: A map of the united states

Description automatically generated]
Note. Graphic taken form Stobierski, 2021.

Conclusions and Future Directions
	
The current paper highlighted the importance of using knowledge visualization for health-related knowledge translation. In this current age of misinformation, it is important to leverage simple and accessible visualizations when communicating evidence-based scientific knowledge. Effective dissemination of health-related research findings via social media platforms relies heavily on the use of graphics to summarize the data. Altmetric is a tool used to track online engagement to reveal how and where research is making an impact (Altmetric, 2023). Currently, Altmetric is solely used to quantify the impact research articles and reports make. Future research should examine how we can leverage such tools to track the impact of graphics and data visualization techniques for KT. Moreover, studies should investigate whether certain design criteria increase or decrease the impact visualizations make across different social media platforms. Understanding this impact could pave the way for improving KT, ultimately increasing health literacy and decreasing the proliferation of misinformation.
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