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Abstract 

As patients are receiving their own health data more often and in larger amounts, 

visualizations are generating enthusiasm for their ability to help patients understand the 

information. It is crucial to assess these representations to guarantee that patients can 

comprehend and, when suitable, take action based on health data in a secure and efficient 

way. The aim of this systematic study was to assess and analyze the current status of 

patient-facing representations of personal health data. We conducted a thorough search 

on five reputable academic databases, namely PubMed, Embase, Scopus, ACM Digital 

Library (Association for Computing Machinery Digital Library), and IEEE Computational 

Index (Institute of Electrical and Electronics Engineers Computational Index). We included 

English-language papers that created or examined patient-oriented visual representations 

for personal health information. The results of the article indicated that a greater 

proportion of patients were able to comprehend number lines and bar graphs as opposed 

to line graphs. Additionally, it was shown that the use of color was useful in conveying 

danger, enhancing understanding, and boosting confidence in interpretation. This review 

provides a concise overview of the many kinds and components of visuals that are directly 

accessible to patients. Additionally, it outlines the different approaches used in the 

production and assessment of these visualizations, as described in the examined 

publications. In addition, we provide suggestions for future research on the collection and 

presentation of data, exploration of clinically significant thresholds for various kinds of 

data, and use of data science techniques. This effort will be crucially significant as the use 

of patient portals and mobile devices for accessing personal health data continues to 

increase.                                                                                                                                       
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Introduction 

The number of efforts to provide people access to their own health data is increasing. 

Due to the implementation of meaningful use stage-2, patient portals now enable patients 

and caregivers to directly obtain medical findings electronically. Previously, these data 

were only provided to patients in print format following a burdensome request 

procedure.[2] Additional endeavors have advocated for enhanced visibility of all individual 
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medical data, such as OpenNotes, and have received favorable reactions from patients.[3] 

Simultaneously, patients are becoming more proficient in producing their own health data 

via mobile health technology and questionnaires that collect patient-reported outcomes 

(PROs).The user's text is enclosed in tags. [5] Patients may promptly and easily access their 

patient-reported outcomes (PROs) and other health data provided by patients (PGHD) using 

the same electronic systems, such as smartphone apps and wearable devices. [6,7].                 

Returning health data to the patient has the potential to bring about many advantages, 

such as enhancing the patient's understanding of their health condition, increasing their 

involvement in their own healthcare, and encouraging the adoption of beneficial health 

practices [8], [9], [10]. Therefore, it gives a chance for the patient to actively engage in 

their own health and wellness. However, there is hesitation in giving patients unrestricted 

access to their health data without the guidance of a doctor. This is because of worries 

around their limited understanding, perception of risk, and the potential for engaging in 

harmful or unhealthy behaviors as a result of the data [7,11]. Personal health information 

may be complex, particularly when including many data points and medical terminology. 

Additionally, it may need contextualization taking into account factors such as age, gender, 

baseline status, and other individual characteristics. A significant number of professionals 

have a preference for personally conveying medical findings and information to patients, 

enabling them to provide essential interpretation and contextualization [12,13,14]. 

Nevertheless, the vast amount of patient data that can be collected and sent to patients in 

the current digital era makes this impractical in several situations.                                               

Data visualizations provide a potential approach to assist patients in comprehending 

and placing their health information in perspective [15,16,17]. Data visualization utilizes 

the human visual perception of variations in item sizes, forms, colors, and spatial 

placements to depict data and communicate information effectively [18]. Information 

visualizations are particularly attractive since they do not depend on the patient possessing 

advanced reading or numeracy skills. For instance, some design elements, such as colors, 

may aid in understanding just as well as explanatory language [19]. Furthermore, 

information visualizations may be conveniently sent to patients using the technologies they 

are already extensively utilizing, such as smartphone apps and web sites. [15].                       

However, developers of patient-facing visualizations have many challenges in 

effectively communicating the significance of personal health data. Patients exhibit 

significant diversity in terms of health literacy, cultural background, and cognitive level, 

all of which have an impact on their understanding [20]. Previous studies have conducted 

comprehensive investigations on visualizations and assessment techniques for health-

related information, but none have particularly evaluated visualizations and procedures 

connected to patients' personal health data. The cognitive processes used by patients when 

analyzing personal health data vary from those utilized by researchers and physicians with 

sophisticated statistical and medical expertise.[25,26]. Thus, it is necessary to conduct a 

thorough examination of the distinct requirements and preferences of patients who access 

their personal health information. This will enable the development of tools that provide 

personal health data in a manner that is suitable for use in clinical practice and aligns with 

patients' cognitive processes. Individuals involved in the development, implementation, 

and assessment of visual aids for patients need up-to-date evidence to guarantee that 

patients can comprehend and, when necessary, take appropriate action based on health 

information in a secure and efficient way.                                                                                

The primary goal of this systematic review was to provide a concise summary of the 

current state of knowledge about patient-facing information visualizations of personal 

health data. Our objective was to analyze existing literature in several scientific disciplines 

that focus on the development and implementation of tools for displaying personal health 

data. These disciplines include informatics, medicine, nursing, computer science, and 

engineering, among others. Our objective was to provide a preliminary set of suggestions 
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for anyone interested in creating visualizations that help patients comprehend and analyze 

their specific health data. We achieved this by explaining and combining these results.          

Methods 

We conducted a comprehensive search in five reputable academic databases, namely 

PubMed, Embase, Scopus, ACM Digital Library (Association for Computing Machinery 

Digital Library), and IEEE computation index (Institute of Electrical and Electronics 

Engineers Computational Index), with the assistance of a biological librarian. The 

databases were chosen to include relevant literature from many disciplines such as 

medicine, nursing, biomedical informatics, computer science, and engineering. The search 

strategy included the following terms: (patient OR patients OR consumer* OR user*) AND 

(“Computer Graphics” OR visualiz* OR graph*) AND (“Health Records, Personal” OR 

“Electronic Health Records” OR “Telemedicine” OR “electronic health record” OR “test 

results”). The search phrases were established by collaboration with a biological librarian 

and content specialists, as well as by iteratively reviewing keywords found in retrieved 

publications [27].                                                                                                                        

The kinds and elements of visualization 

The articles varied in terms of the kinds and elements of visualization used. However, 

the majority of articles used color and numerical components, with line graphs being the 

most prevalent form of visualization. The evaluation methods employed in the 27 articles 

that conducted research on visualizations involving human patients exhibited significant 

variation, lacking standardization in terms of instruments, methodologies, and 

measurement of patient characteristics that could potentially impact interpretation, such as 

health literacy or numeracy. Consequently, comparisons of data are challenging, and it is 

hard to determine the most effective methods.                                                                           

Our research indicates that there is a need for more focus on the development of 

visualizations that are accessible to patients. Our investigation revealed a much greater 

quantity of papers including visuals intended for health-care providers or researchers 

(n = 834), in contrast to visualizations intended for patients. This indicates a disparity in the 

development of health data visualization systems for patients compared to systems for 

healthcare providers, even though more than half of the population presently has access to 

patient portals [28]. Here, we outline three important possibilities that might enhance future 

research on patient-facing visualizations and facilitate the identification of best practices.  

Initially, in studies focused on visualizations that patients interact with, there are 

possibilities for enhancing the process of gathering and presenting data in a more 

comprehensive manner. Approximately 50% of the studies analyzed in this analysis either 

lacked human patient research on the established technological system or failed to provide 

results particularly relevant to the visualizations. We rejected several articles that were 

otherwise qualified for inclusion due to their lack of real graphics. Furthermore, several 

papers failed to provide any details about the patient sample, or simply provided a very 

restricted amount of information (such as age and gender alone). The stated patient 

characteristics suggest that the samples used in the study were not representative of the 

general population.                                                                                                                     

The majorities of participants were middle-aged, female, White, and had a high level 

of education. This implies that the results could be skewed towards a certain group of 

patients and may not be as relevant for disadvantaged populations, as well as extremely 

young and very elderly persons. Significantly, the assessment or reporting of patients' 

health literacy, graph literacy, and numeracy was seldom conducted. It is crucial to quantify 

these patient features since they have an impact on understanding and risk perception. This 

will enable the customization of visualizations to suit individual needs. Color blindness 
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also affects the understanding of certain colored visual aspects, such the "traffic-light" color 

scheme mentioned in the articles. Considering the prevalence of this issue among around 

8% of males, it is advisable to include color-blindness screening in future study endeavors. 

Furthermore, it is crucial to examine how the intended patient group perceives color when 

assessing visualizations that use color encodings, since colors and symbols might have 

varying significance based on the patient's cultural heritage [19] [29]. Overall, the use of 

strategies to gather and present more comprehensive sample data will enhance the ability                           

to identify the most effective visual representations for certain groups of patients.  

Furthermore, this research highlights the absence of standardized methods in the 

existing literature for the selection, creation, and assessment of visualizations based on 

certain data types or objectives. The publications exhibited significant variations in the 

kinds and components of visualizations, as well as the methodologies and measurements 

used to assess them. For instance, several publications presented overall subjective 

preferences, whereas others used randomization techniques to perform quantitative tests on 

understanding and risk perception. Furthermore, the intentions behind the visualizations 

were not well articulated in several publications. The potential goals include a broad 

spectrum, ranging from the interpretation of a singular value, to the interpretation of values 

within the framework of a desired value or range, to the identification of significant patterns 

over a period of time. Ultimately, this complicates the process of comparing and identifying 

visuals that effectively achieve a certain communication objective. Other studies that have 

explored assessment methodologies for health-related visualizations have similarly 

identified a lack of consistent tools and procedures for assessing these visualizations. This 

lack of standardization hampers efforts to determine the most effective visualizations for a 

certain audience.                                                                                                                            

Ultimately, there are chances to improve understanding and influence actions by using 

data science and applying clinically significant thresholds, sometimes referred to as 

minimum important differences (MIDs) [30]. Less than 25% of the visualizations in the 

evaluated studies used advanced analytics to provide more profound insights in the data, 

such as risk ratings and notable patterns. Significant progress has been made in the field of 

health data science, enabling computers to effectively detect significant trends and make 

predictions based on personal health data. Therefore, there is a significant possibility to 

combine sophisticated data analysis with visual representation in order to provide medically 

relevant and practical information to patients. It will also be crucial to expand this research 

beyond visual representations of data that have distinct limits for taking action, such as 

laboratory results, which have defined normal ranges.                                                              

The frequency of visual representations illustrating laboratory values in the articles 

included in this analysis corresponds to a recent study indicating that laboratory test results 

are the most prevalent kind of information presently provided in patient portals [31]. 

However, the identification and communication of MIDs for several other categories of 

personal health data, such as symptoms and health behaviors, are as crucial but pose more 

difficulties. At now, there is a growing interest in research that aims to find meaningful 

improvements in patient-reported outcomes (PROs) and other patient-generated health data 

(PGHD) [30]. Study that focuses on visualization may further this study by determining the 

most effective ways for communicating the MIDs to patients.                                                  

Conclusion  

This systematic review examines the current status of patient-facing visualizations and 

presents research results that indicate certain kinds and components of visualizations that 

might enhance understanding and interpretation. Nevertheless, there is a need for more 

focus on the development and assessment of visualizations that are accessible to patients. 

We propose enhancing the research by implementing more rigorous data collection and 

reporting methods, adopting systematic evaluation techniques, establishing clinically 
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actionable boundaries (MIDs) for various data types, and utilizing data science to empower 

patients in interpreting and utilizing the data. This study will be crucial as patient use of 

their personal health data via digital health technologies continues to increase.                           
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