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          Background The current Korean blood pressure (BP) chart design has limitations in indicating Pulse Pressure (PP), Prehypertension (PreHBP), and Isolated Systolic Hypertension (ISH) cases because of insufficient information and inaccurate BP categorization. Alternative designs were developed to more comprehensively organize the information necessary for understanding BP cases (Normal, PP, Prehypertension Stage 2, hypertension Stage 2, and ISH) using five visualization types: a BP classification table (Table), two BP charts (Square and Bar), and two combinations of table and charts (SqTable and BarTable).

          Methods Using an online questionnaire, mock BP test results (five BP cases presented with the current and alternative designs) were tested to measure the objective accuracy of participants’ diagnosis and rationale clarification tasks, and their subjective ratings on design properties (text readability, BP measurement visibility, and diagnosis visibility).

          Results In terms of comprehension scores, all alternatives outperformed the Current design, with Table, SqTable, and BarTable outscoring Square and Bar designs. The results suggest that the category definitions in the BP classification table are essential for the diagnosis–rationale comprehension, and the tabular representation is cognitively a better fit to the symbolic nature of the task. BP category definitions included only in the Square and Bar designs were not successfully recognized. All alternatives also earned higher design property ratings than the Current design.

          Conclusions For better understanding of health communication materials, messages should be composed considering the sufficiency and complexity of information, the cognitive process necessary to understand the messages, and the graphical representations matching the cognitive process and the examinee’s numerical and graphical literacy.
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      1. Introduction
      South Korean National Health Insurance Service (NHIS) provides free of charge health screening services for all subscribers aged 40 or older for the early detection of lifestyle-induced diseases such as hypertension. The NHIS health check-up report is 3 pages long (Appendix A). On page 2, blood test results are visualized as a series of bar charts; the blood pressure (BP) chart (Fig. 1) categorizes systolic blood pressure (SBP) and diastolic blood pressure (DBP) readings into Normal A, Normal B (borderline), or High Blood Pressure (HBP) Suspicion using two separate bars. However, the current BP chart design needs improvement in the following areas:

      
        
        

        Figure 1 
				
        

        
          Current BP chart design on NHIS health check-up report
        
        

        

      

      
        	1. Health professionals find the bar charts difficult to explain, while examinees feel the explanation is beyond their comprehension. Kang et al. (2017) interviewed thirty medical professionals who commented that the current report design with too many bar charts and data was not intuitive for the examinees (p. 256); they recommended clarifying the blood test results in numbers for the examinees with low graphical literacy (pp.	254–255). In another study, 120 NHIS health check-up examinees reported that the bar charts were difficult to understand, saying “while visual bar graphs provide a readily comprehensible overview, the format was not effective in comprehending the test results in detail” (Oh et al., 2017, p. 173); they also recommended replacing the current bar charts with numeric data.


        	2. The three BP categories of Normal A, Normal B (borderline), and HBP Suspicion do not correspond to the six BP categories outlined in the 2013 Korean Society of Hypertension guidelines for the management of hypertension (Shin et al., 2015) which is the national standard for hypertension diagnosis and treatment; these are: Normal, Prehypertension (PreHBP) Stage 1, Prehypertension Stage 2 (PreHBP2), Hypertension Stage 1, Hypertension Stage 2 (HBP2), and Isolated Systolic Hypertension (ISH). In the current BP chart design, BP readings corresponding to PreHBP are labeled as Normal B (borderline), which could mislead examinees into thinking that their BP is normal. This conjecture was tested, and the results are presented in Sections 5 and 6.


        	3. Elevated Pulse Pressure (PP) cases are not dealt with, either textually or graphically. PP is the numeric difference between SBP and DBP. Elevated PP indicates the stiffness of the aorta and greater risks of cardiovascular diseases for adults aged 60 or older (Sheps, 2019). However, the concept of PP is not widely known among the public. Without proper indication, examinees would not know if their PP readings deserve attention. This conjecture was also tested, and the results are presented in Sections 5 and 6.


        	4. The experts’ interpretation of SBP and DBP readings is altogether missing. Examinees only learn about the two readings and the categories they belong to. Consequently, when the two readings belong to different categories as in ISH, examinees might feel confused. In ISH (Shin, 2003), DBP is under 90 (Normal B), but SBP is higher than 140 (HBP Suspicion); therefore, the result can be arbitrarily interpreted as either one. This conjecture was also tested, and the results are presented in Sections 5 and 6.


      

      In short, the current BP chart design was hypothesized to have the following limitations: (1) it misleads the examinees with PreHBP into thinking that their BP readings are normal, (2) it does not indicate PP cases, and (3) it could confuse ISH examinees with BP readings belonging to two different categories. Such miscommunication, thus, defeats the very purpose of NHIS health screening, which is the early detection of lifestyle-induced diseases.

      The primary objective of this study is to develop an alternative BP chart that communicates BP readings, experts’ interpretive diagnosis, and diagnosis rationale better than the current design. In the author's previous study (Hahn, 2020), three alternative BP charts designed in Table, Chart, and TableChart types were tested in Normal, PreHBP, and PP cases. While the current and all alternatives were comparable in Normal BP case, the Table and TableChart—both have the BP classification table at the center—significantly outperformed Current and Chart in PreHBP and PP cases. The BP category definitions in the classification table played a critical role in the participants’ understanding of the diagnosis and rationale. The unsatisfactory performance of the Chart type in the study, however, could be attributed to either the unfit between representation and cognitive task, or the quality of the visual chart design; that calls for a further investigation with more diversified chart designs in a broader range of BP cases. For this purpose, in this study the following five alternative designs (Fig. 2) were developed: Table (a classification table of BP categories and definitions), Square (a rectangular BP chart widely used in hospitals), Bar (another widely used BP chart with parallel SBP and DBP bars), SqTable (a combination of Square and Table designs), and BarTable (a combination of Bar and Table designs). Their effectiveness in communicating the five BP readings—normal, PP, PreHBP2, HBP2, and ISH—in comparison with the current design is tested by measuring the participants’ comprehension scores for each.

      
        
        

        Figure 2 
				
        

        
          Alternative designs: (a) Table, (b) Square, (c) Bar, (d) SqTable, (e) BarTable
        
        

        

      

      The secondary objective is to compare the current design and the alternatives in terms of design properties. As the alternatives contain additional text and visual information, the visual complexity has increased. The current design could be favored over the alternatives for simplicity that comes at the price of information sufficiency. The participants’ subjective ratings on text readability, BP readings visibility, diagnosis visibility, and overall preference are analyzed along with their verbal comments to find out the strengths and weaknesses of each design in detail.

    

    

  
    
      2. Literature Review
      As this study tests the communication effectiveness of the tabular and graphical representations in the problem-solving context, existing knowledge on this subject is outlined in the next section, followed by the Korean health check-up report design ideas proposed in recent studies.

      
        2. 1. Comparison of tabular and graphical representations
        Until the 80s, study findings related to tabular and graphical representations in the problem-solving context were contradictory in nature as the studies involved different kinds of materials and tasks, measuring different dependent variables. For example, of the various studies analyzed by Vessey (1991, pp. 229–233), eight were non-paradigmatic, i.e., the graphs and numeric values were mixed in the representations, while the tasks comprised both symbolic and spatial questions according to Vessey’s classification. Lucas (1979, as cited in Powers et al., 1984) experimented with graphical and tabular representations in the business decision-making context, focusing on the participants’ subjective evaluation (usefulness, enjoyment, etc.), while majority of the other studies measured time, accuracy, or both.

        For a more systematic study design and deeper understanding of how and why tabular and graphical representations affect the problem-solving process, the cognitive fit model was proposed (Vessey, 1991; Vessey & Galletta, 1991). The model hypothesizes that the fit between representation and task type will facilitate the problem-solving process and that one will not have to transform one’s mental representation of the problem to fit it to the task. Vessey (1991) classified representations into tabular and graphical types, and tasks into symbolic and spatial types (p. 219). Tables representing symbolic-verbal (alphabetic) or numeric-discrete data values were hypothesized to support symbolic tasks, e.g., extracting or recalling specific data values. Graphs, in contrast, represent spatial information, i.e., ”the topological and geometric relations among the components of the problem” (Larkin & Simon, 1987, p. 66, as cited in Vessey, 1991), and hence were hypothesized to support spatial tasks, e.g., finding relationships, trends, and patterns in the data. Vessey (1991) tested the cognitive fit hypothesis—tables support symbolic tasks and graphs support spatial tasks—by analyzing outcomes of previous studies published between 1927 and 1990. Of these studies, five reported that purely symbolic elementary tasks were performed better with tables in terms of accuracy and/or time, while eight studies concluded that purely spatial elementary tasks carried out with graphs took less time, and were either similar or better in accuracy (p.	230). Vessey and Galletta’s (1991) empirical study also concluded that the problem-solving performance was superior with the symbolic task-representation fit in terms of both time and accuracy, while the spatial task-representation fit was superior in accuracy only (p. 75); thus, the cognitive fit hypothesis was partially substantiated for spatial tasks.

        The dichotomy of table vs. graph or symbolic vs. spatial, however, is quite vague. Saket et al. (2015) evaluated the effectiveness of Table, Line Chart, Bar Chart, Scatterplot, and Pie Chart visualizations across 10 elementary tasks with 5–34 data points. The filtering task was performed faster with Bar Chart and Table. The retrieving value task was performed equally faster with Table, Pie Chart, and Bar Chart, and the values retrieved across the three visualizations were also comparable in accuracy. Saket et al.’s (2015) recommendations, however, are more specific: Bar Chart for finding clusters, Line Chart for correlations, Scatterplot for anomalies, and Table and Pie Chart should be avoided for correlation tasks.

        While Saket et al. (2015) experimented with rather simple datasets, Labunets et al. (2017) compared the effectiveness of tabular and graphical representations with in-depth and complicated security risk information and tasks of varying complexity. They concluded that the participants gave more precise and complete answers with tables, as tables organized data in rows by linear spatial relationships (p. 3039). Tables, however, were “prone to questions’ complexity, while graphical representation seems to be equally good for both simple and complex questions” (pp. 3040–3042).

        In addition to the representation-task match, Powers et al. (1984) factored in the problem solver’s familiarity with the representation. They tested a table, graph, and both with retrieval, comparison, and calculation type tasks, hypothesizing a superior performance using the graph-table combination, as it provides both the overview and specifics of the information. They observed that tabular representation significantly increased the participants’ comprehension while the graph-table combination supported slower but more accurate performance (p. 545). The results were attributed to the representation-task match (the ease of retrieving the highest score using tables, p. 557), participants’ familiarity with the table, and possible information overload from the graph-table combination. Smerecnik et al. (2010) discussed the cognitive workload (measured with mean pupil size and peak pupil dilation) and attention (viewing time, number of eye fixations, and eye fixation durations) directed to the representations as factors influencing performance of text, table, and graph type representations. While the tabular and graphical representations required less cognitive workload than textual information, graph required longer viewing and fixation time than the others, while graph and text both required more fixations than the table. They concluded that graphs hold attention for longer period than textual or tabular information, thus explaining why “graphical information resulted in better comprehension” than textual or tabular information (p. 1394).

      

      
        2. 2. Studies on Korean health check-up report design
        The current NHIS health check-up report design was commissioned by the Korea Institute of Design Promotion in 2012 (Lee & Paeng, 2012). The researchers Lee and Paeng developed a 3-page report design—General opinion, Lab test results, and Recommendations—in reference to a U.S. blood test report design (Leckart, 2010) where intuitive red-green spectrum bar charts replaced unintelligible text and numbers. Lee and Paeng (2012) introduced similar bar charts in grayscale; the BP chart was visualized as a bar with a red call-out containing both SBP/DBP readings. The new report design was first tested at a private hospital, and its customized versions were subsequently adopted at other hospitals. NHIS adopted the design in 2015 (Shin, 2015) and customized it to remove the Recommendations page and split the BP chart into two separate bars.

        Though the current report design is a great improvement over the previous one, Kim et al.	(2018) evaluated two customized versions of Lee and Paeng’s (2012) design adopted at two university hospitals, and pointed out the examinees’ poor understanding of the results and the medical staff’s low satisfaction with the design. Moreover, graphs, strong color contrast, and difficult terminology caused high visual complexity. Kim et al. (2018) proposed an improved design with enhanced typography and data visualization that helped examinees grasp the overall results faster; the consistency in typeface, color use, and graphs was also well-received. Nonetheless, all individual charts including the BP chart were not improved in this study.

        Suk and Shin (2015, p. 247) also proposed a new report design. The experts’ opinions and recommendations were written in plain language, while test results that required immediate attention were highlighted in red; the examinee’s BP and heart rate data were visualized with past check-up data for comparison. A test of the existing and proposed designs with 52 participants demonstrated that the latter was preferred in terms of usability and design, with improved typography and infographics. The proposed design, however, displayed only the readings without informing about the required normal range. Thus, the examinees might immediately recognize the issues of concern, but they would not know exactly how bad their readings are. As the study only collected participants’ subjective ratings data, the objective accuracy of the participants’ understanding is unknown.

        In summary, the communication performance of tabular and graphical representations is affected by the cognitive fit between representations and tasks (Vessey 1991; Vessey & Galletta, 1991), complexity of information (Labunets et al., 2017), problem solver’s familiarity with the representation (Powers et al., 1984), and cognitive workload and attention (Smerecnik et al., 2010). Furthermore, while the Korean health check-up report has been improved, the BP chart design still needs improvement in terms of category accuracy or information sufficiency. Moreover, the improved designs have been evaluated based on test participants’ subjective ratings, not on the accuracy of their objective understanding.

        Based on the insights gained, this study was designed to observe how tabular, graphical (square and bar types), and combinations of tabular-graphical (SqTable and BarTable) charts compare in accuracy for identifying the diagnosis and clarifying the diagnosis rationale tasks.	The performance will be measured both on the basis of participants’ objective comprehension scores and subjective ratings. Referring to Powers et al. (1984) and Vessey (1991), the table and table-graph combinations were expected to support the first task of retrieving discrete data better than the others, while for the second task, the table-square type combination (Fig. 2d) was expected to assist the participants in comprehending the diagnosis rationale better than the others. The description of the research design continues in the next section.

      

    

    

  
    
      3. Alternative BP Chart Designs
      As mentioned in Section 1, five alternative BP chart designs were developed: Table, Square, Bar, SqTable, and BarTable (Fig. 2). The Table design was adapted from the common BP classification table (Appendix B, item a), Square and Bar designs were also adapted from widely used BP charts (Appendix B, items b and c), and SqTable and BarTable designs were combinations of table and graphs (square and bar types). In this section, the design rationale behind the alternative BP charts continues.

      BP information sufficiency: Aside from SBP and DBP readings, the alternative designs include a summary table representing (1) the calculated PP and normal PP range, (2) the medical expert’s diagnosis considering SBP, DBP, and PP, and (3) the recommended follow-up actions, to clarify information that was either only implied or completely missing in the current design. The summary table supplies the examinee information necessary for identifying the BP readings and diagnosis, understanding recommendations, clarifying what the two BP readings mean collectively, and what should be done about it. Along with information sufficiency, text readability is also improved with larger font size. Furthermore, Table, SqTable, and BarTable types include BP classification (categories and definitions) tables that are expected to facilitate the examinees' understanding of the diagnosis rationale.

      Color-coded diagnosis: The experts’ diagnosis is highlighted using different colors for intuitive recognition of the results: green for Normal, yellow for PP, orange for PreHBP2, and Red for HBP2 and ISH cases (Appendix C). For example, BP charts in Fig. 2 display the PreHBP2 cases in orange among the green-yellow-orange-red spectrum of BP categories. The diagnosis section in the summary table, and the corresponding areas on the Square and Bar graphs, and rows in the BP classification tables are highlighted, letting the examinees know what can and cannot be ignored.

      Tabular and graphical visualizations of readings: Unlike the current design, alternative designs comprise a BP classification table (Table, Fig. 2a), a commonly used BP chart designed as per the nested proportional area chart format (Square, Fig. 2b), another widely used BP chart with two parallel SBP and DBP bars (Bar, Fig. 2c), a combination of Square and Table designs (SqTable, Fig. 2d), and a combination of Bar and Table designs (BarTable, Fig. 2e). The BP classification table (Figs. 2a, 2d, and 2e) is expected to:

      
        	• clarify the diagnosis rationale by contextualizing SBP and DBP readings within BP category definitions. However, it requires the examinee to have logical literacy (AND, OR, etc.) as the definitions are expressions containing numeric and logical signs.


        	• assist the participants pinpoint SBP and DBP categories using the color highlights applied to corresponding rows.


        	• provide higher space efficiency with an organized layout.


      

      The Square graph (Figs. 2b and 2d) is expected to:

      
        	• communicate the diagnosis in a more intuitive manner with graph areas designated as Normal, PreHBP, HBP, and ISH cases; SBP and DBP coordinates and color highlights applied to corresponding areas indicate the diagnosis.


        	• effectively visualize the ISH cases with a delineated ISH area on the graph (Appendix C.3, item e).


        	• have limitations in visualizing SBP-DBP difference for PP cases.


      

      Lastly, the Bar graph (Figs. 2c and 2e) is expected to:

      
        	• communicate the diagnosis in a more intuitive manner with graph areas designated as Normal, PreHBP, HBP, and ISH cases; SBP and DBP coordinates and color highlights applied to corresponding areas indicate the diagnosis.


        	• better illustrate PP cases with steeper SBP-DBP segment slopes (Appendix C.4, item b), and ISH cases with SBP–DBP data points placed apart in HBP and Normal areas (Appendix C.4, item e).


      

      In short, the alternative designs provide more comprehensive information both in terms of text and visualizations. Table, SqTable, and BarTable are expected to clarify the diagnosis rationale with the BP classification table; Bar is expected to better visualize the PP and ISH cases with the SBP–DBP segment slope and placement, while Square is expected to display ISH cases with delineated ISH area on the graph.

    

    

  
    
      4. Research Design
      
        4. 1. Research questions and hypotheses
        A quantitative study was conducted to investigate two research questions:

        
          	1. How do the alternatives (Table, Square, Bar, SqTable, and BarTable) compare to the current design in communicating the five BP cases (Normal, PP, PreHBP2, HBP2, and ISH)?


          	2. How do the alternatives compare to the current design in text readability, BP measurements visibility, diagnosis visibility, and overall design preference?


        

        The first question compared communication performance between designs. Interactions between BP cases and designs were assumed. The research hypotheses were as follows:

        H1a: Chart design (Current, Table, Square, Bar, SqTable, and BarTable) has a significant influence on the study participants’ comprehension scores.

        H1b: BP case (Normal, PP, PreHBP2, HBP2, and ISH) has a significant influence on the study participants’ comprehension scores.

        H1c: The design-BP case combination (total combinations = 30; Appendix C) has a significant influence on the study participants’ comprehension scores.

        The second question compared design properties. Alternative designs contain more information, and consequently exhibit higher visual complexity than the current design.	Some participants were hypothesized to prefer the simplistic appearance of the current design. Hunt et al. (1995) demonstrated that the most preferred design is not always the most accurate or informative one. The research hypotheses were as follows:

        H2a: Design has a significant influence on the study participants’ text readability ratings.

        H2b: Design has a significant influence on the study participants’ BP measurement visibility ratings.

        H2c: Design has a significant influence on the study participants’ diagnosis visibility ratings.

        H2d: Design has a significant influence on the study participants’ preference choice frequencies.

      

      
        4. 2. Research method
        A questionnaire was distributed online on desktop PC screens, and data collection continued until 200 valid datasets were obtained (Power = 0.9, Alpha = 0.05, Effect size = 0.5). This study targeted NHIS check-up examinees aged 40 or older. Participants were divided into two age groups (40s and 50s) and two gender groups (male and female) in equal portion.	The examinees aged 60 or older were excluded for two reasons: first, health literacy is significantly lower in the elderly (Oh et al., 2017); therefore, a different approach in health check-up report design is recommended for them; second, though HBP prevalence is higher (48.7%) among the elderly, their awareness, treatment, and control rates are lower than middle-aged patients (Lee et al., 2015, p. 374). For the elderly, solutions targeting fundamental and immediate behavior change are required. The alternative designs developed in this study are more useful for early HBP detection and prevention in middle-aged examinees.

        The questionnaire (Appendix C.7) consisted of two parts. Part I tested H1a, H1b, and H1c.	Participants were presented with 30 mock BP test results (five BP cases presented using six designs, Appendices C 1-6). First came the current design, followed by Square (Fig. 2b) and Bar (Fig. 2c) alternative designs presented randomly to minimize the carry-over learning effects in the repeated experiment. Lastly, Table (Fig. 2a), SqTable (Fig. 2d), and BarTable (Fig. 2e) designs were presented, also in random order. For each of the results, participants were asked to perform two tasks: (1) identify the diagnosis, i.e., find out what the diagnosis is (ScoreD), and (2) clarify the diagnosis rationale, i.e., their understanding of why the SBP, DBP, and calculated PP were diagnosed as such (ScoreR). When both ScoreD and ScoreR were correct, participants’ diagnosis–rationale score (ScoreDR) was also considered correct.	To even out the difference in participants’ BP knowledge, scientific definitions of BP related terms were shared before the experiment.

        Part II tested H2a, H2b, H2c, and H2d. Participants first rated the six designs in terms of text readability, BP readings visibility, and diagnosis visibility on 10-point scales. The participants then named their most preferred design and explained the reason in a short-answer question. The ratings and choice frequencies were compared for all the designs.

      

    

    

  
    
      5. Data Analysis
      
        5. 1. H1: Communication performance
        H1a, H1b, and H1c were tested using participants’ diagnosis identification score data (ScoreD) and diagnosis-rationale score data (ScoreDR). Rationale identification data (ScoreR) were excluded as ScoreR is meaningless without ScoreD.

        Regarding ScoreD (Table 1), the Shapiro–Wilk test for normality was significant at p < 0.001 for all the designs, BP cases, and design-BP case combinations; therefore, a non-parametric rank-based test was performed using R software nparLD package (Brunner & Konietschke, 2012). The Wald-type statistic (WTS) and ANOVA-type statistic (ATS) were significant for design (p < 0.001), BP case (p < 0.001), and design-BP case combination (p < 0.001), as plotted in Fig. 3. The post-hoc test results are as follows:

        
          Table 1 
				
          

          
            ScoreD: Descriptive statistics, relative treatment effects, Wald type and ANOVA type statistics
          
          

        

        
          
            
              	
              	Descriptives
              	RTE
              	WTS
              	ATS
            

            
              	
              	
              	
              	Mdn
              	Q1
              	Q3
              	RM
              	N
              	RTE
              	Statistic
              	df
              	p
              	Statistic
              	df
              	p
            

          
          
            	Design
            	CU
            	0
            	0
            	1
            	1676.0
            	1000
            	0.28
            	1155.40
            	5.00
            	< 0.001
            	413.99
            	3.19
            	< 0.001
          

          
            	T
            	1
            	1
            	1
            	3401.0
            	1000
            	0.57
          

          
            	S
            	1
            	0
            	1
            	3020.0
            	1000
            	0.50
          

          
            	B
            	1
            	0
            	1
            	2990.0
            	1000
            	0.50
          

          
            	ST
            	1
            	1
            	1
            	3443.0
            	1000
            	0.57
          

          
            	BT
            	1
            	1
            	1
            	3473.0
            	1000
            	0.58
          

          
            	BP
case
            	N
            	1
            	1
            	1
            	3600.0
            	1200
            	0.60
            	313.45
            	4
            	< 0.001
            	95.72
            	3.80
            	< 0.001
          

          
            	PP
            	1
            	0
            	1
            	3045.0
            	1200
            	0.51
          

          
            	PRE2
            	1
            	0
            	1
            	2632.5
            	1200
            	0.44
          

          
            	HBP2
            	1
            	0
            	1
            	2957.5
            	1200
            	0.49
          

          
            	ISH
            	1
            	0
            	1
            	2767.5
            	1200
            	0.46
          

          
            	Design X BP Case
            	
            	
            	
            	
            	
            	
            	709.63
            	20
            	< 0.001
            	34.20
            	13.90
            	< 0.001
          

          
            	
            	Pairwise comparisons between Design x BP Case
          

          
            	
            	
            	
            	Mdn
            	Q1
            	Q3
            	RM
            	N
            	RTE
            	CU
            	T
            	S
            	B
            	ST
            	BT
          

          
            	Design
X
BP
Case
            	N
            	CU
            	1
            	1
            	1
            	3410.0
            	200
            	0.57
            	
            	
            	
            	
            	
            	
          

          
            	T
            	1
            	1
            	1
            	3650.0
            	200
            	0.61
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	1
            	1
            	1
            	3605.0
            	200
            	0.60
            	< 0.001
            	0.22
            	-
            	-
            	-
            	-
          

          
            	B
            	1
            	1
            	1
            	3545.0
            	200
            	0.59
            	< 0.001
            	< 0.001
            	0.11
            	-
            	-
            	-
          

          
            	ST
            	1
            	1
            	1
            	3710.0
            	200
            	0.62
            	< 0.001
            	0.11
            	< 0.001
            	< 0.001
            	-
            	-
          

          
            	BT
            	1
            	1
            	1
            	3680.0
            	200
            	0.61
            	< 0.001
            	0.42
            	0.04
            	< 0.001
            	0.42
            	-
          

          
            	PP
            	CU
            	0
            	0
            	1
            	1610.0
            	200
            	0.27
            	-
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	1
            	1
            	1
            	3410.0
            	200
            	0.57
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	1
            	1
            	1
            	3215.0
            	200
            	0.54
            	< 0.001
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	B
            	1
            	1
            	1
            	3080.0
            	200
            	0.51
            	< 0.001
            	< 0.001
            	< 0.001
            	-
            	-
            	-
          

          
            	ST
            	1
            	1
            	1
            	3455.0
            	200
            	0.58
            	< 0.001
            	0.22
            	< 0.001
            	< 0.001
            	-
            	-
          

          
            	BT
            	1
            	1
            	1
            	3500.0
            	200
            	0.58
            	< 0.001
            	0.02
            	< 0.001
            	< 0.001
            	0.22
            	-
          

          
            	PRE2
            	CU
            	0
            	0
            	0
            	800.0
            	200
            	0.13
            	-
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	1
            	1
            	1
            	3230.0
            	200
            	0.54
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	1
            	0
            	1
            	2600.0
            	200
            	0.43
            	< 0.001
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	B
            	1
            	0
            	1
            	2600.0
            	200
            	0.43
            	< 0.001
            	< 0.001
            	1.00
            	-
            	-
            	-
          

          
            	ST
            	1
            	1
            	1
            	3290.0
            	200
            	0.55
            	< 0.001
            	0.11
            	< 0.001
            	< 0.001
            	-
            	-
          

          
            	BT
            	1
            	1
            	1
            	3275.0
            	200
            	0.55
            	< 0.001
            	0.22
            	< 0.001
            	< 0.001
            	0.69
            	-
          

          
            	HBP2
            	CU
            	0
            	0
            	0
            	1415.0
            	200
            	0.24
            	-
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	1
            	1
            	1
            	3380.0
            	200
            	0.56
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	1
            	0
            	1
            	2960.0
            	200
            	0.49
            	< 0.001
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	B
            	1
            	0
            	1
            	3005.0
            	200
            	0.50
            	< 0.001
            	< 0.001
            	0.22
            	-
            	-
            	-
          

          
            	ST
            	1
            	1
            	1
            	3470.0
            	200
            	0.58
            	< 0.001
            	0.02
            	< 0.001
            	< 0.001
            	-
            	-
          

          
            	BT
            	1
            	1
            	1
            	3515.0
            	200
            	0.59
            	< 0.001
            	< 0.001
            	< 0.001
            	< 0.001
            	0.22
            	-
          

          
            	ISH
            	CU
            	0
            	0
            	0
            	1145.0
            	200
            	0.19
            	-
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	1
            	1
            	1
            	3335.0
            	200
            	0.56
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	S
            	1
            	0
            	1
            	2720.0
            	200
            	0.45
            	< 0.001
            	< 0.001
            	-
            	-
            	-
            	
          

          
            	B
            	1
            	0
            	1
            	2720.0
            	200
            	0.45
            	< 0.001
            	< 0.001
            	1.00
            	-
            	-
            	
          

          
            	ST
            	1
            	1
            	1
            	3290.0
            	200
            	0.55
            	< 0.001
            	0.22
            	< 0.001
            	< 0.001
            	-
            	
          

          
            	BT
            	1
            	1
            	1
            	3395.0
            	200
            	0.57
            	< 0.001
            	0.11
            	< 0.001
            	< 0.001
            	< 0.001
            	
          

        

        
          
            Note. CU = Current, T = Table, S = Square, B = Bar, ST = SqTable, BT = BarTable, N = Normal, PP = Pulse Pressure, PRE2 = PreHBP Stage 2, HBP2 = HBP Stage 2, ISH = Isolated Systolic Hypertension, RM = Rank Means, RTE = Relative Treatment Effects, WTS = Wald Type Test, ATS = ANOVA Type Test.
          

        

        

        
          
          

          Figure 3 
				
          

          
            ScoreD: Communication performance comparison between designs
          
          

          

        

        Normal cases: All alternatives outperformed Current (RTE = 0.57) at p < 0.001. Table (RTE = 0.61), SqTable (RTE = 0.62), and BarTable (RTE = 0.61) outdid Square (RTE = 0.60) and Bar (RTE = 0.59) at p < 0.001.

        PP cases: All alternatives outscored Current (RTE = 0.27) at p < 0.001. Table (RTE = 0.57), SqTable (RTE = 0.58), and BarTable (RTE = 0.58) worked better than Square (RTE = 0.54) and Bar (RTE = 0.51) at p < 0.001. Square outperformed Bar at p < 0.001.

        PreHBP2 cases: All alternatives outdid Current (RTE = 0.13) at p < 0.001. Table (RTE = 0.54), SqTable (RTE = 0.55), and BarTable (RTE = 0.55) worked better than Square (RTE = 0.43) and Bar (RTE = 0.43) at p < 0.001.

        HBP2 cases: All alternatives outscored Current (RTE = 0.24) at p < 0.001. Table (RTE = 0.56), SqTable (RTE = 0.58), and BarTable (RTE = 0.59) outperformed Square (RTE = 0.49) and Bar (RTE = 0.50) at p < 0.001, while Table and SqTable difference showed weak significance at p < 0.05.

        ISH cases: All alternatives outperformed Current (RTE = 0.19) at p < 0.001. Table (RTE = 0.56), SqTable (RTE = 0.55), and BarTable (RTE = 0.57) worked better than Square (RTE = 0.45) and Bar (RTE = 0.45) at p < 0.001.

        Regarding ScoreDR (Table 2), all designs, BP cases, and design-BP case combinations failed the normality test at p < 0.001. The nparLD non-parametric rank-based test concluded that the WTS and ATS were significant for design (p < 0.001), BP case (p < 0.001), and design-BP case combination (p < 0.001), as plotted in Fig. 4. The post-hoc test results are as follows:

        
          Table 2 
				
          

          
            ScoreDR: Descriptive statistics, relative treatment effects, Wald type and ANOVA type statistics
          
          

        

        
          
            
              	
              	
              	
              	Descriptives
              	RTE
              	WTS
              	ATS
            

            
              	
              	
              	
              	Mdn
              	Q1
              	Q3
              	RM
              	N
              	RTE
              	Statistic
              	df
              	p
              	Statistic
              	df
              	p
            

          
          
            	Design
            	CU
            	0
            	0
            	0
            	2473.0
            	1000
            	0.41
            	312.49
            	5.00
            	< 0.001
            	96.83
            	3.73
            	< 0.001
          

          
            	T
            	0
            	0
            	1
            	3250.0
            	1000
            	0.54
          

          
            	S
            	0
            	0
            	1
            	2941.0
            	1000
            	0.49
          

          
            	B
            	0
            	0
            	1
            	2941.0
            	1000
            	0.49
          

          
            	ST
            	0
            	0
            	1
            	3193.0
            	1000
            	0.53
          

          
            	BT
            	0
            	0
            	1
            	3205.0
            	1000
            	0.53
          

          
            	BP
case
            	N
            	1
            	1
            	1
            	4277.0
            	1200
            	0.71
            	977.93
            	4
            	< 0.001
            	425.71
            	3.03
            	< 0.001
          

          
            	PP
            	1
            	0
            	1
            	3824.5
            	1200
            	0.64
          

          
            	PRE2
            	0
            	0
            	0
            	2477.0
            	1200
            	0.41
          

          
            	HBP2
            	0
            	0
            	0
            	2247.0
            	1200
            	0.37
          

          
            	ISH
            	0
            	0
            	0
            	2177.0
            	1200
            	0.36
          

          
            	Design X BP Case
            	
            	
            	
            	
            	
            	
            	333.47
            	20
            	< 0.001
            	24.03
            	14.22
            	< 0.001
          

          
            	
            	Pairwise comparisons between Design x BP Case
          

          
            	
            	
            	
            	Mdn
            	Q1
            	Q3
            	RM
            	N
            	RTE
            	CU
            	T
            	S
            	B
            	ST
            	BT
          

          
            	Design
X
BP
Case
            	N
            	CU
            	1
            	0
            	1
            	4057.0
            	200
            	0.68
            	-
            	-
            	
            	
            	
            	
          

          
            	T
            	1
            	1
            	1
            	4432.0
            	200
            	0.74
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	1
            	0
            	1
            	4207.0
            	200
            	0.70
            	< 0.001
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	B
            	1
            	1
            	1
            	4252.0
            	200
            	0.71
            	< 0.001
            	< 0.001
            	0.25
            	-
            	-
            	-
          

          
            	ST
            	1
            	1
            	1
            	4402.0
            	200
            	0.73
            	< 0.001
            	0.44
            	< 0.001
            	< 0.001
            	-
            	-
          

          
            	BT
            	1
            	1
            	1
            	4312.0
            	200
            	0.72
            	< 0.001
            	< 0.01
            	0.01
            	0.12
            	< 0.05
            	-
          

          
            	PP
            	CU
            	1
            	0
            	1
            	2332.0
            	200
            	0.39
            	-
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	1
            	1
            	1
            	4282.0
            	200
            	0.71
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	1
            	0
            	1
            	4027.0
            	200
            	0.67
            	< 0.001
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	B
            	1
            	1
            	1
            	3802.0
            	200
            	0.63
            	< 0.001
            	< 0.001
            	< 0.001
            	-
            	-
            	-
          

          
            	ST
            	1
            	1
            	1
            	4267.0
            	200
            	0.71
            	< 0.001
            	0.70
            	< 0.001
            	< 0.001
            	-
            	-
          

          
            	BT
            	1
            	1
            	1
            	4237.0
            	200
            	0.71
            	< 0.001
            	0.25
            	< 0.001
            	< 0.001
            	0.44
            	-
          

          
            	PRE2
            	CU
            	0
            	0
            	0
            	1972.0
            	200
            	0.33
            	-
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	1
            	1
            	1
            	2797.0
            	200
            	0.47
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	1
            	0
            	1
            	2272.0
            	200
            	0.38
            	< 0.001
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	B
            	1
            	0
            	1
            	2377.0
            	200
            	0.40
            	< 0.001
            	< 0.001
            	< 0.01
            	-
            	-
            	-
          

          
            	ST
            	1
            	1
            	1
            	2677.0
            	200
            	0.45
            	< 0.001
            	< 0.001
            	< 0.001
            	< 0.001
            	-
            	-
          

          
            	BT
            	1
            	1
            	1
            	2767.0
            	200
            	0.46
            	< 0.001
            	0.25
            	< 0.001
            	< 0.001
            	< 0.05
            	-
          

          
            	HBP2
            	CU
            	0
            	0
            	0
            	2017.0
            	200
            	0.34
            	-
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	0
            	0
            	1
            	2467.0
            	200
            	0.41
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	0
            	0
            	0
            	2137.0
            	200
            	0.36
            	< 0.01
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	B
            	0
            	0
            	0
            	2122.0
            	200
            	0.35
            	< 0.05
            	< 0.001
            	0.44
            	-
            	-
            	-
          

          
            	ST
            	0
            	0
            	0
            	2332.0
            	200
            	0.39
            	< 0.001
            	< 0.001
            	< 0.001
            	< 0.001
            	-
            	-
          

          
            	BT
            	0
            	0
            	1
            	2407.0
            	200
            	0.40
            	< 0.001
            	0.25
            	< 0.001
            	< 0.001
            	0.05
            	-
          

          
            	ISH
            	CU
            	0
            	0
            	0
            	1987.0
            	200
            	0.33
            	-
            	
            	
            	
            	
            	
          

          
            	T
            	0
            	0
            	0
            	2272.0
            	200
            	0.38
            	< 0.001
            	-
            	-
            	-
            	-
            	-
          

          
            	S
            	0
            	0
            	0
            	2062.0
            	200
            	0.34
            	< 0.05
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	B
            	0
            	0
            	0
            	2152.0
            	200
            	0.36
            	< 0.001
            	< 0.01
            	0.05
            	-
            	-
            	-
          

          
            	ST
            	0
            	0
            	0
            	2287.0
            	200
            	0.38
            	< 0.001
            	1.0
            	< 0.001
            	< 0.01
            	-
            	-
          

          
            	BT
            	0
            	0
            	0
            	2302.0
            	200
            	0.38
            	< 0.001
            	0.44
            	< 0.001
            	< 0.001
            	0.44
            	-
          

        

        
          
            Note. CU = Current, T = Table, S = Square, B = Bar, ST = SqTable, BT = BarTable, N = Normal, PP = Pulse Pressure, PRE2 = PreHBP Stage 2, HBP2 = HBP Stage 2, ISH = Isolated Systolic Hypertension, RM = Rank Means, RTE = Relative Treatment Effects, WTS = Wald Type Test, ATS = ANOVA Type Test.
          

        

        

        
          
          

          Figure 4 
				
          

          
            ScoreDR: Communication performance comparison between designs
          
          

          

        

        Normal cases: All alternatives outperformed Current (RTE = 0.68) at p < 0.001. Table (RTE = 0.74) and SqTable (RTE = 0.73) worked better than Square (RTE = 0.70), Bar (RTE = 0.71), and BarTable (RTE = 0.72) at p < 0.001.

        PP cases: All alternatives outscored Current (RTE = 0.39) at p < 0.001. Table (RTE = 0.71), SqTable (RTE = 0.71), and BarTable (RTE = 0.71) worked better than Square (RTE = 0.67) and Bar (RTE = 0.63) at p < 0.001, while Square outdid Bar at p < 0.001.

        PreHBP2 cases: All alternatives outperformed Current (RTE = 0.34) at p < 0.001. Table (RTE = 0.47), SqTable (RTE = 0.45), and BarTable (RTE = 0.46) worked better than Square (RTE = 0.38) and Bar (RTE = 0.40) at p < 0.001, while Bar outdid Square at p < 0.01.

        HBP2 cases: Table (RTE = 0.41), SqTable (RTE = 0.39), and BarTable (RTE = 0.40) outscored Current (RTE = 0.34), Square (RTE = 0.36), and Bar (RTE = 0.35) at p < 0.001.

        ISH cases: Table (RTE = 0.38), SqTable (RTE = 0.38), and BarTable (RTE = 0.38) outperformed Current (RTE = 0.33) at p < 0.001; Table, SqTable, and BarTable outdid Square (RTE = 0.34) at p < 0.001; while BarTable also outscored Bar at p < 0.001.

        The analyses confirmed design-BP case interaction at p < 0.001. Thus, the hypotheses H1a, H1b, and H1c are accepted. A comparison of Figs. 3 and 4 indicates that even participants who accurately identified the diagnosis struggled with the diagnosis rationale task.

      

      
        5. 2. H2: Design properties
        To test H2a, H2b, and H2c, text readability, BP measurement visibility, and diagnosis visibility ratings were tested for normality and the results were all significant at p < 0.001.	Non-parametric Kruskal–Wallis test and Dunn’s test followed the normality test (Table 3).	Text readability (χ2 = 14.40 at p < 0.05), BP measurement visibility (χ2 = 17.53 at p < 0.01), and diagnosis visibility (χ2 = 34.90 at p < 0.001) ratings were different. Therefore, the hypotheses H2a, H2b, and H2c are accepted. The rating differences, however, were observed between current and alternative designs only, at p < 0.01 or p < 0.001. Fig. 5 summarizes rating differences between designs: the five alternative designs earned comparable ratings which were superior to the rating of the current design.

        
          Table 3 
				
          

          
            Ratings: Descriptive statistics and post-hoc test results
          
          

        

        
          
            
              	Property
              	Statistic
              	Design
              	Descriptives
              	Pairwise Comparisons
            

            
              	Mdn
              	Q1
              	Q3
              	CU
              	T
              	S
              	B
              	ST
            

          
          
            	Text
Readability
            	χ2 = 14.40
df = 5
p = 0.01
            	CU
            	8
            	6
            	10
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	9
            	7
            	10
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	S
            	9
            	7
            	10
            	0.01
            	0.19
            	-
            	-
            	-
          

          
            	B
            	9
            	7
            	10
            	< 0.01
            	0.29
            	0.37
            	-
            	-
          

          
            	ST
            	9
            	7
            	10
            	< 0.01
            	0.34
            	0.32
            	0.45
            	-
          

          
            	BT
            	9
            	7
            	10
            	< 0.001
            	0.48
            	0.17
            	0.27
            	0.32
          

          
            	BP Measurement
Visibility
            	χ2 = 17.53
df = 5
p < 0.01
            	CU
            	8
            	6
            	9
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	8
            	7
            	10
            	< 0.01
            	-
            	-
            	-
            	-
          

          
            	S
            	9
            	7
            	10
            	< 0.01
            	0.44
            	-
            	-
            	-
          

          
            	B
            	9
            	7
            	10
            	< 0.001
            	0.40
            	0.34
            	-
            	-
          

          
            	ST
            	9
            	7
            	10
            	< 0.001
            	0.23
            	0.18
            	0.31
            	-
          

          
            	BT
            	8
            	7
            	10
            	< 0.001
            	0.29
            	0.24
            	0.39
            	0.42
          

          
            	Diagnosis
Visibility
            	χ2 = 34.91
df = 5
p < 0.001
            	CU
            	7
            	5
            	9
            	-
            	-
            	-
            	-
            	-
          

          
            	T
            	8
            	7
            	10
            	< 0.001
            	-
            	-
            	-
            	-
          

          
            	S
            	8
            	7
            	10
            	< 0.001
            	0.28
            	-
            	-
            	-
          

          
            	B
            	9
            	7
            	10
            	< 0.001
            	0.39
            	0.19
            	-
            	-
          

          
            	ST
            	9
            	7
            	10
            	< 0.001
            	0.46
            	0.24
            	0.44
            	-
          

          
            	BT
            	9
            	7
            	10
            	< 0.001
            	0.23
            	0.09
            	0.32
            	0.27
          

        

        
          
            Note. CU = Current, T = Table, S = Square, B = Bar, ST = SqTable, BT = BarTable.
          

        

        

        
          
          

          Figure 5 
				
          

          
            Rating comparison between designs
          
          

          

        

      

      
        5. 3. H2d: Most preferred design
        The most preferred design by participants are Current (19%), Table (21%), Square (12%), Bar (13%), SqTable (20%), and BarTable (15%). One sample t-test performed on the preferred designs confirmed significant differences at p < 0.001. Thus, H2d is also accepted. Table design (Fig. 2a) was preferred the most, and the choice is moderately correlated to text readability (Cramer’s V=0.23), BP measurement visibility (Cramer’s V=0.20), and diagnosis visibility (Cramer’s V=0.28). Participants’ comments regarding their preferred designs (Table 4) revealed that all designs were considered as Easy to Understand/Clear with varying degrees. While Current design (19%) was preferred for Simplicity and Familiarity, Table (21%) was considered Easy to Understand/Clear and was positively commented on all aspects except Graph. SqTable and BarTable were favored for Graph and the availability of BP categories, with only one participant mentioning Simplicity as their strength, which indicates that the BP classification table and graph together resulted in a visually complex layout. SqTable was also commented on for the visibility of BP readings and Diagnosis, while BarTable was favored for its Tabular layout.

        
          Table 4 
				
          

          
            Participants’ chart design preference and emergent codes
          
          

        

        
          
            
              	Variable
              	Vehicle Type
              	Current
              	Table
              	Square
              	Bar
              	SqTable
              	BarTable
            

          
          
            	Number of votes
            	37(19%)
            	41(21%)
            	24(12%)
            	25(13%)
            	40(20%)
            	29(15%)
          

          
            	Codes
            	Easy to understand/Clear
            	17
            	26
            	10
            	16
            	10
            	10
          

          
            	Graph
            	1
            	
            	6
            	4
            	11
            	10
          

          
            	BP categories
            	3
            	3
            	
            	1
            	13
            	11
          

          
            	Not complicated/Simple
            	13
            	3
            	1
            	3
            	1
            	1
          

          
            	BP readings
            	1
            	2
            	2
            	1
            	8
            	5
          

          
            	Readability
            	
            	4
            	1
            	3
            	6
            	
          

          
            	Table/layout
            	
            	5
            	
            	
            	2
            	7
          

          
            	Diagnosis
            	
            	2
            	
            	
            	6
            	1
          

          
            	Familiarity
            	6
            	1
            	
            	
            	
            	
          

          
            	Color
            	
            	3
            	
            	
            	2
            	1
          

          
            	Highlights
            	
            	1
            	
            	1
            	
            	1
          

          
            	Not a graph
            	
            	1
            	
            	
            	
            	
          

        

        

      

    

    

  
    
      6. Discussion
      Theoretical implications of this study point to the significance of information sufficiency (Griffin et al., 2004), cognitive fit (Vessey, 1991), and reader’s numerical and graphical literacy (Garcia-Retamero & Galesic, 2010) in health communication materials that resulted in the superior performance of tabular representation over graphs.

      Information sufficiency: The concept of information sufficiency, originally defined as the level of information each person needs to deal with risks (Griffin et al., 2004, p. 24), also applies to the wider scope of decision-making or problem-solving tasks. Then, what type of information should be furnished in the BP chart? As conjectured in Section 1, the current BP chart design only displays Normal BP readings. Moreover, low ScoreD and ScoreDR values for Current design suggest that it does not supply information necessary for the examinee’s understanding of BP test results. A significant number of participants mistook the PP and PreHBP2 cases for Normal, while the ISH cases were mistaken as either PreHBP Stage 1 or HBP Stage 1. In contrast, Table, SqTable, and BarTable designs showed consistently better performance across all BP cases. Square and Bar designs showed relatively weaker performance, highlighting the significance of BP category definitions for accurate test result communication.

      Cognitive fit: The strong communication performance of Table, SqTable, and BarTable designs can be attributed to the cognitive fit (Vessey 1991; Vessey & Galletta, 1991) between the symbolic task and table. The first task of identifying diagnosis (ScoreD), on a conceptual level, is a simple symbolic process of recognizing numeric (SBP and DBP), textual (diagnosis), and sensory (color) data values, that can be facilitated by the information organized in tabular form. The author, however, expected ScoreD to be fairly high and comparable for all the alternative designs with no statistical differences, even for Square and Bar designs, as the diagnosis is clearly stated in the summary table. However, the relatively lower scores for Square and Bar designs indicate that some participants overlooked the summary table and tried to infer the diagnosis from graphs. The visualization and placement of the summary table need to be improved for visibility. The second task of identifying diagnosis rationale (ScoreDR) required evaluation of SBP and DBP readings against the BP category definitions written using logical expressions, thus the availability of the BP classification table was critical. Table, SqTable, and BarTable designs presented BP category definitions in a neatly organized table; the color highlights applied to corresponding rows instantly hinted the area of focus, enabling participants to pinpoint relevant expressions. The ScoreDR for SqTable, however, was not higher than the other two, suggesting that the Square design was not particularly helpful in clarifying the diagnosis rationale.

      Numeracy and graphicacy: The Square and Bar types did not meet the expectations set in Sections 2 and 3, as the designs were not effective in ISH case visualization, elevated PP case visualization, and assisting the participants in comprehending the diagnosis rationale, respectively. These results can be discussed in relation to the participants’ numerical and graphical literacy (Garcia-Retamero & Galesic, 2010), and their familiarity with the BP charts (Powers et al., 1984). Graphical literacy, or graphicacy (Balchin & Coleman, 1966, as cited in Poracsky et al., 1999), is the ability to find specific information and relationships, and make inferences and predictions from the data and graph (Friel et al., 2001, as cited in Garcia-Retamero & Galesic, 2010). Garcia-Retamero and Galesic’s research on the correlation between numeracy, graphicacy, and the accuracy of responses concluded that “people, regardless of their numeracy skills, differ substantially in their ability to understand graphically presented quantitative information about health” and the graphs were “most useful for the participants who had low numeracy but relatively high graphical literacy skills” (pp. 1019–2010). Referring to Galesic and Garcia-Retamero’s (2011) findings that “one-third of the population in [the US and Germany] had both low graph literacy and low numeracy skills” (p. 444), about a third of the Korean participants in this study are estimated to be low in both skills. Additionally, the participants were not familiar with the two BP charts tested in this study, as the national health check-up report has been published with the problematic current design for years. Comprehending the two BP charts requires knowledge about the BP categories that Square and Bar types did not provide, and a certain level of graphicacy which, as ScoreDR data indicated, most study participants did not have.

      Preference ratings: As conjectured in Section 1, Current design was favored as it was familiar to the participants and was simple in design. The lack of necessary information (e.g., BP categories and definitions) ironically improved the Current design’s visual appeal by leaving ample white space in the chart; the two simple bar charts are well placed, and the red BP speech bubbles also look prominent. The Current design, however, earned mediocre ratings on text readability and inadequate ratings on BP measurement visibility and diagnosis visibility (Fig. 5). Even Table design, though it was considered Easy to Understand/Clear, did not earn higher ratings on BP measurement visibility and diagnosis visibility. SqTable and BarTable were consistently well-received across the three properties, with both text and graph having high visibility. Though participants preferred Square to Bar design, the difference was not significant.

      The practical implications of this study are as follows: first, this study is the first to improve the Korean BP chart design for enhanced information sufficiency by clarifying the information that used to be only implied or completely missing in the current design with summary and BP classification tables; second, this is also the first empirical study on Korean BP chart design that collected the examinee’s objective comprehension scores as well as subjective preference ratings to find out how the chart designs are understood in detail.	Findings from this study will inspire Korean medical professionals and designers to probe the patient’s health literacy and graphicacy in reading health communication materials.

    

    

  
    
      7. Conclusions
      In this study, the weaknesses of the current Korean BP chart design in indicating PP, PreHBP, and ISH cases were examined. Then, for improved communication performance, five alternative designs were developed that represented a broader range of information (BP readings, BP category definitions, calculated PP, and diagnosis) in five visualization styles (Table, Square, Bar, SqTable, and BarTable). A quantitative study tested the accuracy of the current and alternative designs with diagnosis and rationale recognition tasks. Results confirmed that all the alternatives outscored the current design in communicating Normal, PP, PreHBP2, HBP2, and ISH cases. Table, SqTable, and BarTable earned significantly higher scores than Square and Bar because of information sufficiency and cognitive fit between the tabular representation and tasks. Alternatives scored higher on design properties (Text Readability, BP Measurement Visibility, and Diagnosis Visibility) as well. These findings suggest that health communication materials can be improved by (1) composing messages considering the information sufficiency, complexity, and cognitive processes necessary to understand the messages, and (2) using graphical representations that match the cognitive processes and the examinee’s numerical and graphical literacy levels.

      This study is limited in that the participants’ comments collected using the online questionnaire were too brief to find out which parts of the alternative designs were effective or ineffective. A qualitative study of how people read the alternative BP charts with verbal comments and eye-tracking data will expand the author’s understanding of how alternative designs can be further improved in language and graph design, e.g., by adding stage distinctions and area labels for higher diagnosis-rationale comprehension scores in PreHBP2, HBP2, and ISH cases.

    

    

  
    
      

      
        
          Appendix A. Current NHIS health check-up report design
          

          
            
            

            

            

            

          

        

        
          Appendix B. Blood Pressure Chart Designs
          

          
            
            

            

            

            

          

        

        
          Appendix C. The BP charts and questionnaire designs
          C.1-6 Thirty combinations of six designs and five BP cases: (a) Normal, (b) PP (Elevated Pulse Pressure), (c) PreHBP2 (Prehypertension Stage 2), (d) HBP2 (Hypertension Stage 2), and (e) ISH (Isolated Systolic Hypertension).

          

          
            
            

            

            

            

          

          C.7 The questionnaire (communication performance test) screen

          

          
            
            

            

            

            

          

        

      

    

    

  
    
      Notes
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