
Presentation of Personal Health Information
for Consumers: An Experimental Comparison

of Four Visualization Formats

Da Tao1, Juan Yuan1, Xingda Qu1, Tieyan Wang1, and Xingyu Chen2(✉)

1 Institute of Human Factors and Ergonomics, Shenzhen University, Shenzhen, China
{taoda,quxd}@szu.edu.cn, 2515809640@qq.com,

wangtieyan188@sina.com
2 Department of Marketing, Shenzhen University, Shenzhen, China

celine@szu.edu.cn

Abstract. While the development of consumer-oriented health information
technologies (CHITs) has led to increased availability and accessibility of
personal health information, consumers may encounter difficulty in compre‐
hending the information, partly due to inappropriate information presentation.
This study was conducted to compare four visualization formats of personal
health information in consumers’ use and comprehension of the information. A
within-subjects design was employed, with visualization format serving as inde‐
pendent variable, and sets of user performance, perception, eye movement and
preference measures serving as dependent variables. Twenty-four participants
were recruited in this study. The results indicated that there was no significant
main effect of visualization format on task completion time and accuracy rate,
while visualization format yielded a significant effect on perceived health risk,
perceived ease of understanding, perceived usefulness, perceived confidence of
comprehension, and satisfaction. Participants’ visual attention, indicated by eye
movement measures, was significantly affected by areas of interest, but not by
visualization format. Most participants preferred personalized enhanced format.
Our study demonstrates that visualization formats could affect how personal
health information are comprehended and perceived. The results may help to
improve the design of more usable and effective health information presentation.

Keywords: Visualization format · Health information · Comprehension
Presentation

1 Introduction

The healthcare domain is facing great challenge due to increasing demands on healthcare
services from people with chronic diseases and suboptimal health status, and the ageing
population. In China, 300 million people are suffering from various chronic diseases [1],
1030 million people are experiencing suboptimal health status [2] and 220 million people
are aged 60 years or above [3]. Research has shown that one of effective approaches to
meet consumers’ healthcare demands is continuous self-monitoring of health indicators
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(e.g., heart rate, blood pressure and blood glucose), which can be facilitated by
consumer-oriented health information technologies (CHITs) [4–6]. CHITs refer to
consumer-centered electronic tools, technologies, applications, or systems that are inter‐
acted with directly by health consumers (i.e., individuals who seek or receive health care
services) to provide them with data, information, recommendations, or services for
promotion of health and health care [4, 6]. CHITs are convenient tools to track, record
and manage consumers’ personal health information (e.g., blood pressure), and can
easily present the information for a wide range of consumers [7–9].

While the development of CHITs has led to increased availability and accessibility
of personal health information, consumers may encounter difficulty in comprehending
and thus correctly responding to the information, partly due to inappropriate information
presentation [10–12]. This is a significant concern in health care, as inappropriate
presentation of health information may lead to confusion, frustration and disruption in
consumers’ healthcare process [13, 14] and even to adverse consequences, such as
medication error and inappropriate healthcare decision-making [15, 16]. In fact, there
is much evidence that consumers find it difficult to understand quantitative health infor‐
mation [17–19]. This is especially the case for people with low numeracy and literacy
skills [20, 21]. While many consumers are in urgent need of understanding their health
status, we know little about optimal presentation of personal health information for them.

The way health information presented can have significant influence on what the
information is processed, a phenomenon known as the representational effect [22]. It
has been increasingly recognized that the use of visualization may be an effective way
to present quantitative health information, and is likely to improve interpretation and
comprehension of the information [11, 23]. For example, Torsvik et al. found that visu‐
alization formats, such as sparklines and relative multigraphs, seem to be favorable
techniques for presenting complex long-term clinical test results, while tables seem
better for simpler test results [11]. However, until relatively recently, there has been
little research to inform which kinds of visualization formats are optimal to support
consumers’ use and comprehension of personal health information. There is also a lack
of research to describe how consumers perceive different visualization formats for their
personal health information (e.g., whether a particular type of visualization format is
perceived helpful or not in their healthcare).

The purpose of this study was to evaluate four visualization formats in consumers’
use and comprehension of personal health information. The visualization formats were
applied to two types of personal health information, i.e., blood pressure and blood
glucose, which are main indicators that are usually monitored by chronically ill patients
(especially those with hypertension and/or diabetes) [5, 7].

2 Methods

2.1 Experimental Design

A within-subjects design was employed, with visualization format (Four types: basic
format, color format, color/text format and personalized format) serving as an inde‐
pendent variable, and sets of user performance (i.e., task completion time and accuracy
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rate), eye movement (i.e., time to first fixation and total fixation duration), perception
(i.e., perceived health risk, perceived ease of understanding, perceived usefulness,
perceived confidence and satisfaction) and preference measures serving as dependent
variables. Task completion time referred to the total time a participant spent to answer
question in a specific task. Accuracy rate was calculated as the proportion of answers
that were correctly answered for one type of visualization format. Eye movement meas‐
ures were assessed to examine visual attention during task performance and were
recorded using a Tobii X-120 eye tracker (Tobii Technology, Sweden). User preference
was assessed by asking participants to choose their most preferred visualization format.

2.2 Participants

Twenty-four students (12 males and 12 females; mean age 22.1 years (SD 2.4)) partici‐
pated in this study. They all had self-reported normal color vision and basic numeric
knowledge and literacy. A minimal sample size of 17 was required to detect a medium
effect size of 0.3 between visualization formats when statistical power and level of
significance were selected at 80% and 5%, respectively. The study protocol was approved
by the Institutional Review Board of Shenzhen University. Informed consent was
obtained from each of the participants.

2.3 Materials and Tasks

All the four visualization formats were applied to results for two types of self-monitoring
tests. self-monitoring of blood pressure presented results for diastolic and systolic blood
pressure, while self-monitoring of blood glucose presented results for fasting blood
glucose and two hours postprandial blood glucose.

All the four visualization formats were created based on horizontal bar graphs, which
are commonly applied for displaying individual test results [10, 13]. Information
presented in the visualization formats included test name, exact test value, unit of meas‐
urement, and cut-off points for normal range. Reference information of normal range
for the test results was provided and put at the bottom of the graphs. The four visuali‐
zation formats were described as follows. Basic format used non-color bar only. Color
enhanced format applied color on the basic format, with green and red indicating normal
and abnormal range, respectively; but the color meaning was not explained. Text/color
enhanced format, based on the design of color enhanced format, provided explicit text
explanation for the color to indicate whether the test result was normal or not. Person‐
alized enhanced format, based on the design of color/text enhanced format, provided
additional personalized information that was assumed to be an average value of the test
results from population with the same sex and age as the participants (See Fig. 1 for an
example). Four areas of interest (AOIs) were drawn for each graph to examine partici‐
pants’ visual attention. The first three AOIs covered area that presented different infor‐
mation from basic format, while the fourth one covered the area of reference information
of normal range.
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Fig. 1. Example of personalized enhanced visualization format for test results of self-monitoring
of blood glucose. (Color figure online)

The experimental test included two types of tasks. Information search tasks asked
participants to answer the exact test value present on the visualization format, while
judgement tasks required participants to indicate whether the test value was normal or
not.

2.4 Procedures

Task scenarios were performed on a DELL computer (Screen size: 23 inches; resolution:
1024 × 768). The eye tracker was equipped at the lower edge of the computer screen.
Before the experiment, participants provided informed consent and were given detailed
information of test procedures. The participants were then instructed to sit at a fixed
distance from the computer screen, and to follow standard eye tracker calibration proce‐
dures. Following several practice tasks to familiarize themselves with the test, partici‐
pants were asked to initiate the main experimental tasks. Participants were asked to
respond as quickly and accurately as possible. Combinations of visualization format,
and type of test were randomized in a full factorial design. After the experimental tasks,
participants were required to complete a paper-based questionnaire to elicit their
response to perception measures and preference. The whole experiment took approxi‐
mately 40 min.

2.5 Data Analysis

Repeated measures analyses of variance (ANOVAs) were used to analyze the effects of
visualization format on user performance, eye movement, and perception measures. Past
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hoc analyses were performed with Bonferroni adjustment where necessary. Chi-square
test was performed to examine the difference in user preference. Level of significance
was set at ɑ = 0.05. Statistical analyses were performed using SPSS 22.

3 Results

3.1 Performance Measures

Table 1 presents ANOVA analysis results for task completion time and accuracy rate.
There was no significant main effect of visualization format on task completion time
(F(3, 60) = 2.09, p = 0.111) and accuracy rate (F(3, 60) = 1.31, p = 0.280) in informa‐
tion search tasks. Similarly, visualization format had no effect on task completion time
(F(1.947, 38.938) = 1.48, p = 0.240) and accuracy rate (F(1.679, 33.579) = 1.16, p =
0.331) in judgement tasks.

Table 1. Effects of visualization format on task completion time and accuracy rate.

Visualization
format

Task completion time (s) Accuracy rate (%)
Descriptive
analysis

ANOVA Descriptive
analysis

ANOVA

Mean SD F value p value Mean SD F value p value
Information search task
Basic 14.5 5.0 2.09 0.111 88.7 0.3 1.31 0.280
Color 14.6 5.3 89.6 0.3
Color/text 12.3 5.1 85.5 0.3
Personalized 16.0 6.6 82.1 0.4
Judgement task
Basic 3.0 0.9 1.48 0.240 90.0 0.2 1.16 0.331
Color 3.1 1.3 93.0 0.2
Color/text 2.6 0.6 88.8 0.2
Personalized 3.2 1.2 87.1 0.2

3.2 Perception Measures

Visualization format yielded significant effects on perceived health risk (F(3, 60) = 2.97,
p = 0.040), perceived ease of understanding (F(3, 60) = 19.84, p < 0.001), perceived
usefulness (F(3, 60) = 14.72, p < 0.001), perceived confidence (F(2.275, 45.497) =
15.21, p < 0.001), and satisfaction (F(2.191, 43.815) = 47.37, p < 0.001). Perceived
health risk was higher for personalized enhanced format than for basic format. Formats
with more information cues resulted in more perceived ease of understanding and
perceived usefulness, and higher levels of perceived confidence and satisfaction
(Table 2).
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Table 2. Effects of visualization formats on perception measures.

Measures Visualization
format

Descriptive analysis ANOVA
Mean SD F value p value

Perceived
health risk

Basic 3.3 1.0 2.97 0.040
Color 3.4 1.1
Color/text 3.5 1.0
Personalized 3.8 1.2

Perceived
ease of
understanding

Basic 3.3 1.8 19.84 <0.001
Color 4.9 1.5
Color/text 5.6 0.8
Personalized 5.6 1.3

Perceived
usefulness

Basic 4.5 1.6 14.72 <0.001
Color 5.5 1.6
Color/text 6.0 1.2
Personalized 6.4 1.1

Perceived
confidence

Basic 4.2 1.8 15.21 <0.001
Color 5.4 1.6
Color/text 5.9 1.2
Personalized 6.3 0.9

Satisfaction Basic 3.0 1.7 47.37 <0.001
Color 5.4 1.9
Color/text 6.2 0.8
Personalized 6.3 1.0

3.3 Eye Movement Measures

Time to first fixation was significantly affected by AOI (F(3, 21) = 4.87, p = 0.010), but
not by visualization formats (F(3, 21) = 2.67, p = 0.074) (Table 3). Both AOI 4 yielded
longer time to first fixation than other AOIs. Similarly, total fixation duration was
significantly affected by AOI (F(3, 21) = 15.68, p < 0.001) but not by visualization
formats (F(3, 21) = 2.11,p = 0.130). AOI 1 obtained longer total fixation duration than
other AOIs (all p’s < 0.05).

3.4 User Preference

Table 4 shows the user preference data on visualization format. Most participants
preferred personalized enhanced graph (70.8%, χ2 = 15.75, p < 0.001).
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Table 4. Distribution of participant preference by visualization format.

Visualization format Percentage
Basic 0%
Color 8.3%
Color/text 20.8%
Personalized 70.8%

4 Discussion

CHITs have enabled consumers to get access to their own health records from various
self-monitoring tests more frequently. However, poorly designed presentation of test
results usually leads to misunderstanding and confusion for consumers, in inefficiency
and disruption in their health care process, and in a higher likelihood of committing
errors in their medical decision-making. In light of this, the present study evaluate four
different visualization formats to explore optimal presentation of personal health infor‐
mation for consumers. This study demonstrates that there are differences between visu‐
alization techniques with respect to how personal health information are viewed,
possessed and comprehended, and how fast and effectively the comprehension is made.

4.1 Primary Findings

Our study represents a rare attempt to evaluate various visualization formats for personal
health information. On one hand, the results show that the presentation of self-moni‐
toring results in different formats had different effects on how consumers evaluated the
information. This is congruent with findings from previous studies [10, 11, 23–28].

Table 3. Effects of visualization formats and area of interest on time to first fixation and total
fixation duration.

Visualization
format

Time to first fixation (s) Total fixation duration (s)
Descriptive
analysis

ANOVA Descriptive
analysis

ANOVA

Mean SD F value p value Mean SD F value p value
Visualization format
Basic 2.2 0.7 2.67 0.074 0.7 0.6 2.11 0.130
Color 2.7 2.3 0.7 0.7
Color/text 1.7 0.5 0.5 0.3
Personalized 2.7 1.4 1.0 1.1
AOI
AOI 1 1.9 0.8 4.87 0.010 1.1 0.7 15.68 <0.001
AOI 2 2.9 1.1 0.4 0.4
AOI 3 2.6 1.6 0.6 0.5
AOI 4 4.1 1.5 0.7 0.5

AOI, area of interest.
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Consumers considered visualization formats that contained more information cues more
useful and easier to understand, and developed more confidence in understanding their
self-monitoring results with such formats. In particular, formats that used color/text, or
personalized information were favored most by consumers. The findings appear to
confirm the effectiveness of color, text and personalized information cues in facilitating
consumers’ comprehension of self-monitoring results. For example, color format is able
to provide consumers immediate and strong impression of whether test values were
within normal ranges [11]. Similarly, text and personalized information may work as
redundancy check, and thus are likely to support consumers’ decision-making in their
information comprehension.

One the other hand, we observed only little variation in task performance between
basic format and three other formats. This may be due to that differences between the
four formats were not sufficient to influence consumers’ efficiency and effectiveness in
performing healthcare tasks, as they were all designed based on similar graphs, with
similar structure and layout. However, this may also imply that the use of varied addi‐
tional information cues would not cause additional cognitive workload for consumers,
though more information needs to be processed.

We found that consumers perceived higher risk for their health status, as more infor‐
mation cues were applied in the visualization formats. This may be that consumers
became more cautious and conservative in the evaluation of their health information,
and thus consider themselves in a higher risk level, as the visualization formats contained
more information. However, it should be noted that there is little consensus regarding
which level of health risk is appropriate and should be conveyed to consumers for certain
health information. Thus, it remains unclear how information should be visualized to
convey appropriate perceived health risk for consumers. Intriguingly,

The present study provided preliminary yet unique evidence on visual attention when
consumers view the graphs, which is less investigated in previous studies but particularly
important in the visualization of health information. We found that as more information
cues were applied in the visualization formats, shorter time to first fixation and longer
total fixation time were observed in corresponding AOIs, indicating an attraction effect
of information cue. The attraction effect was especially obvious when the color cue was
introduced. Moreover, we observed that reference information was less noted. Also, for
those who noted the information, it took them longer time to do so. This implies that the
current presentation of reference information might need revision, as it was even not
noted by consumers. More efforts are required to design innovative ways to present test
results and reference information together in a holistic way.

While the importance of user experience measures, such as subjective perceptions
and preference, is increasingly recognized in the design of informatics tools, they are
largely overlooked in existing literature and information visualization guidelines [29].
This study demonstrated that the majority of participants preferred personalized visu‐
alization format. It appears that users favored presentation format that was able to convey
better perceptual feelings. User preference is important, as users may largely base their
decision of using certain informatics tools on subjective perceptions and preference.
Therefore, researchers and practitioners should pay sufficient attention to user preference
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in future revision of information visualization guidelines in addition to performance and
perception measures.

4.2 Implications

Our findings have important implications for the visualization of personal health infor‐
mation for consumers. Theoretically, our study emphasized the importance of appro‐
priate design of visualization format to improve consumers’ performance and compre‐
hension of health information. From a practical perspective, our results are not clear on
what is the optimal visualization format for personal health information with respect to
how quickly the results could be correctly interpreted. Rather, our study shows advan‐
tages and disadvantages of different visualization formats. Providers and designers need
to be aware of the differential effects on consumers’ comprehension, perceptions, visual
attention and preference that may be generated through the use of different visualization
formats.

4.3 Limitations

This study has several limitations. First, the generalizability of our findings remains to
be established. Our conclusions about the effects of visualization format should be
viewed as tentative, as only a limited number of visualization formats were evaluated
in our study with a small sample size. Second, while our study was conducted in a
controlled laboratory, it did not fully simulate actual use of personal health information.
This approach may lead to limited ecological validity of the findings. It is likely that
participants might respond differently in a real situation. Finally, we did not address age-
related factors, such as health literacy, graph literacy, and cognition ability, which are
suggested to affect comprehension [28, 30]. Studies with chronically ill patients, or
people with low health literacy and education level may yield different results.

5 Conclusions

It is essential for consumers to accurately comprehend personal health information in
their healthcare activities. This study demonstrated that different techniques for visual‐
izing and presenting personal health information influenced on how the information was
assessed, perceived and comprehended. More development has to be undertaken to
improve the visualization techniques and examine them in practical settings where
consumers actually use them in real self-care activities.

498 D. Tao et al.



References

1. National Health and Family Planning Commission of the PRC: Report on the status of Chinese
residents’ nutrition and chronic diseases (2015). http://www.nhfpc.gov.cn/jkj/pgzdt/
new_list_9.shtml

2. Pan, J.H., Shan, J.J.: Annual Report on Urban Development of China-No. 9. Social Science
Academic Press, Beijing (2016)

3. The State Council of the People’s Republic of China: National population development plan
(2016–2030 year) (2017). http://www.gov.cn/zhengce/content/2017-01/25/content_5163309.htm

4. Tao, D., Wang, T., Wang, T., Liu, S., Qu, X.: Effects of consumer-oriented health information
technologies in diabetes management over time: a systematic review and meta-analysis of
randomized controlled trials. J. Am. Med. Inform. Assoc. 24(5), 1014–1023 (2017). https://
doi.org/10.1093/jamia/ocx014

5. Or, C.K.L., Tao, D.: Does the use of consumer health information technology improve
outcomes in the patient self-management of diabetes? a meta-analysis and narrative review
of randomized controlled trials. Int. J. Med. Inform. 83, 320–329 (2014). https://doi.org/
10.1016/j.ijmedinf.2014.01.009

6. Tao, D., Shao, F., Liu, S., Wang, T., Qu, X.: Predicting factors of consumer acceptance of
health information technologies: a systematic review. In: Proceedings of the Human Factors
and Ergonomics Society Annual Meeting. vol. 60(1), pp. 598–602 (2016)

7. Or, C., Tao, D.: A 3-month randomized controlled pilot trial of a patient-centered, computer-
based self-monitoring system for the care of type 2 diabetes mellitus and hypertension. J.
Med. Syst. 40(4), 81 (2016). https://doi.org/10.1007/s10916-016-0437-1

8. Tao, D., Or, C.K.: Effects of self-management health information technology on glycaemic
control for patients with diabetes: a meta-analysis of randomized controlled trials. J. Telemed.
Telecare. 19, 133–143 (2013). https://doi.org/10.1177/1357633x13479701

9. Tao, D., Xie, L.Y., Wang, T.Y., Wang, T.S.: A meta-analysis of the use of electronic
reminders for patient adherence to medication in chronic disease care. J. Telemed. Telecare
21(1), 3–13 (2015)

10. Brewer, N.T., Gilkey, M.B., Lillie, S.E., Hesse, B.W., Sheridan, S.L.: Tables or bar graphs?
Presenting test results in electronic medical records. Med. Decis. Making 32(4), 545–553
(2012). https://doi.org/10.1177/0272989x12441395

11. Torsvik, T., Lillebo, B., Mikkelsen, G.: Presentation of clinical laboratory results: an
experimental comparison of four visualization techniques. J. Am. Med. Inform. Assoc. 20(2),
325–331 (2013). https://doi.org/10.1136/amiajnl-2012-001147

12. Jimison, H., Gorman, P., Woods, S., Nygren, P., Walker, M., Norris, S., et al.: Barriers and
drivers of health information technology use for the elderly, chronically ill, and underserved.
Evidence Report/Technology Assessment No. 175 (Prepared by the Oregon Evidence-based
Practice Center under Contract No. 290-02-0024). AHRQ Publication No. 09-E004.
Rockville, Agency for Healthcare Research and Quality (2008)

13. Or, C.K.L., Tao, D.: Usability study of a computer-based self-management system for older
adults with chronic diseases. JMIR. Res. Protoc. 1, e13 (2012)

14. Tao, D., Or, C. (eds.) A Paper Prototype Usability Study of a Chronic Disease Self-
management System for Older Adults. 2012 IEEE International Conference on Industrial
Engineering and Engineering Management (IEEM), 10–13 Dec 2012, Hong Kong (2012)

15. Middleton, B., Bloomrosen, M., Dente, M.A., Hashmat, B., Koppel, R., Overhage, J.M., et al.:
Enhancing patient safety and quality of care by improving the usability of electronic health
record systems: recommendations from AMIA. J. Am. Med. Inform. Assoc. 20(e1), e2–e8
(2013)

Presentation of Personal Health Information for Consumers 499

http://www.nhfpc.gov.cn/jkj/pgzdt/new_list_9.shtml
http://www.nhfpc.gov.cn/jkj/pgzdt/new_list_9.shtml
http://www.gov.cn/zhengce/content/2017-01/25/content_5163309.htm
http://dx.doi.org/10.1093/jamia/ocx014
http://dx.doi.org/10.1093/jamia/ocx014
http://dx.doi.org/10.1016/j.ijmedinf.2014.01.009
http://dx.doi.org/10.1016/j.ijmedinf.2014.01.009
http://dx.doi.org/10.1007/s10916-016-0437-1
http://dx.doi.org/10.1177/1357633x13479701
http://dx.doi.org/10.1177/0272989x12441395
http://dx.doi.org/10.1136/amiajnl-2012-001147


16. Trevena, L.J., Zikmund-Fisher, B.J., Edwards, A., Gaissmaier, W., Galesic, M., Han, P.K.,
et al.: Presenting quantitative information about decision outcomes: a risk communication
primer for patient decision aid developers. BMC Med. Inform. Decis. Mak. 13(Suppl 2), S7
(2013). https://doi.org/10.1186/1472-6947-13-s2-s7

17. Zikmund-Fisher, B.J., Exe, N.L., Witteman, H.O.: Numeracy and literacy independently
predict patients’ ability to identify out-of-range test results. J Med Internet Res. 16, e187
(2014)

18. Smith, S.G., Curtis, L.M., O’Conor, R., Federman, A.D., Wolf, M.S.: ABCs or 123 s? The
independent contributions of literacy and numeracy skills on health task performance among
older adults. Patient Educ. Couns. 98(8), 991–997 (2015)

19. Galesic, M., Garcia-Retamero, R.: Statistical numeracy for health: a cross-cultural
comparison with probabilistic national samples. Arch. Intern. Med. 170(5), 462–468 (2010).
https://doi.org/10.1001/archinternmed.2009.481

20. Serper, M., Patzer, R.E., Curtis, L.M., Smith, S.G., O’Conor, R., Baker, D.W., et al.: Health
literacy, cognitive ability, and functional health status among older adults. Health Serv. Res.
49(4), 1249–1267 (2014). https://doi.org/10.1111/1475-6773.12154

21. Taha, J., Sharit, J., Czaja, S.J.: The impact of numeracy ability and technology skills on older
adults’ performance of health management tasks using a patient portal. J. Appl. Gerontol.
33(4), 416–436 (2014)

22. Zhang, J., Norman, D.A.: Representations in distributed cognitive tasks. Cogn. Sci. 18(1),
87–122 (1994)

23. Kurtzman, E.T., Greene, J.: Effective presentation of health care performance information
for consumer decision making: A systematic review. Patient Educ. Couns. 99(1), 36–43
(2016). https://doi.org/10.1016/j.pec.2015.07.030

24. Hildon, Z., Allwood, D., Black, N.: Impact of format and content of visual display of data on
comprehension, choice and preference: a systematic review. Int. J. Qual. Health Care 24(1),
55–64 (2012). https://doi.org/10.1093/intqhc/mzr072

25. Timmermans, D.R., Ockhuysen-Vermey, C.F., Henneman, L.: Presenting health risk
information in different formats: the effect on participants’ cognitive and emotional evaluation
and decisions. Patient Educ. Couns. 73(3), 443–447 (2008). https://doi.org/10.1016/j.pec.
2008.07.013

26. Okan, Y., Stone, E.R., Bruine de Bruin, W.: Designing graphs that promote both risk
understanding and behavior change. Risk Anal. (2017). https://doi.org/10.1111/risa.12895

27. Harris, R., Noble, C., Lowers, V.: Does information form matter when giving tailored risk
information to patients in clinical settings? A review of patients’ preferences and responses.
Patient Prefer Adherence 11, 389–400 (2017). https://doi.org/10.2147/ppa.s125613

28. Okan, Y., Galesic, M., Garcia-Retamero, R.: How people with low and high graph literacy
process health graphs: evidence from eye-tracking. J. Behav. Decis. Mak. 29(2–3), 271–294
(2016). https://doi.org/10.1002/bdm.1891

29. Tao, D., Yuan, J., Liu, S., Qu, X.: Effects of button design characteristics on performance and
perceptions of touchscreen use. Int. J. Ind. Ergon. 64, 59–68 (2018). https://doi.org/10.1016/
j.ergon.2017.12.001

30. Garcia-Retamero, R., Cokely, E.T.: Communicating health risks with visual aids. Curr. Dir.
Psychol. Sci. 22(5), 392–399 (2013)

500 D. Tao et al.

http://dx.doi.org/10.1186/1472-6947-13-s2-s7
http://dx.doi.org/10.1001/archinternmed.2009.481
http://dx.doi.org/10.1111/1475-6773.12154
http://dx.doi.org/10.1016/j.pec.2015.07.030
http://dx.doi.org/10.1093/intqhc/mzr072
http://dx.doi.org/10.1016/j.pec.2008.07.013
http://dx.doi.org/10.1016/j.pec.2008.07.013
http://dx.doi.org/10.1111/risa.12895
http://dx.doi.org/10.2147/ppa.s125613
http://dx.doi.org/10.1002/bdm.1891
http://dx.doi.org/10.1016/j.ergon.2017.12.001
http://dx.doi.org/10.1016/j.ergon.2017.12.001

	Presentation of Personal Health Information for Consumers: An Experimental Comparison of Four Visual ...
	Abstract
	1 Introduction
	2 Methods
	2.1 Experimental Design
	2.2 Participants
	2.3 Materials and Tasks
	2.4 Procedures
	2.5 Data Analysis

	3 Results
	3.1 Performance Measures
	3.2 Perception Measures
	3.3 Eye Movement Measures
	3.4 User Preference

	4 Discussion
	4.1 Primary Findings
	4.2 Implications
	4.3 Limitations

	5 Conclusions
	References




