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Abstract: Visualizations have been found to be a promising solution to aid individuals’ comprehen-
sion of digital health information. However, how visualizations can be better contextualized remains
unclear. This study aimed to examine the effects of visualizations of digital health information with
various contextual cues and age on comprehension through eye-tracking techniques. A two-way
mixed design was employed, with visualization (basic, color, color + text, and color + text + personal-
ized statement) and age (young and older adults) as independent variables. Forty-one participants
attended an experiment where they were asked to perform verbatim comprehension and value
interpretation tasks in response to varied visualizations of digital health information. The results
indicated that the four visualizations yielded comparable task completion time and accuracy. Older
adults had longer task completion time and more errors compared with their counterparts. While eye
movement measures were comparable across different visualizations, they were mostly affected by
age and areas of interests. Different visualizations might attract different patterns of visual attention
and yield varied effectiveness across age groups. Future research should focus on how to better
visualize digital health information for older adults. Design practitioners should carefully consider
how to attract patients’ visual attention to important information to improve comprehension.

Keywords: visualization; digital health information; comprehension; eye-tracking; older adults

1. Introduction

In the past two decades, it has been increasingly emphasized that chronically ill
patients should not rely solely on their physicians for disease management but should
be actively engaged in their own disease management, which is well-known as self-
management [1,2]. One of the core elements in patients’ self-management could be self-
monitoring [3], which includes a set of self-help activities to monitor one’s own health
status, such as measuring, tracking, interpreting, and responding to quantitative health
indicators (e.g., blood glucose, blood pressure) [4]. Previous evidence has shown that
self-monitoring is an effective approach for improving patients’ health care awareness
and coping with their diseases [5], leading to patients’ enhanced disease management and
quality of life [6,7].

With the development of consumer health information technologies (CHITs), digital
technologies have been increasingly applied in health care, which enables patients to more
conveniently get access to and use self-monitoring results [8–11]. Recent evidence also
indicated that there has been a heavy reliance on such technologies during the COVID-19
pandemic [12,13]. However, CHITs that have poor interface design may induce misunder-
standing of health information and even lead to inappropriate health care decision-making
for patients [8,14,15]. Most relevant to the self-monitoring context, poor visual presentation
of digital health information makes the understanding of numeric health information chal-
lenging for users as they usually lack basic medical knowledge to interpret the quantitative
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information [16,17]. The situation is particularly serious for patients with low numeracy
and literacy skills [18,19] and for older adults with deteriorated sensory function (e.g., vi-
sual acuity) and information processing capacity (e.g., working memory) [15,20]. Previous
literature indicated that misunderstanding of self-monitoring results can impede patient
interpretation of their health status and lead to confusion, frustration, and disruptions in
health care processing [15,21].

One of the effective solutions to this problem is the use of visualizations to present
digital health information [15,22–25]. Visualization, which refers to graphical representation
of information, has been validated as an effective strategy for presenting quantitative data
to improve information comprehension [23,26]. This approach is favorable in the health
care context because it minimizes patients’ cognitive load and reduces the reliance on their
high literacy and numeracy [23,27]. Additionally, appropriate visualization design can
alert patients to their susceptibility to a health threat and, thus, support better decision-
making [15,22].

Although visualizations provide some advantages for better comprehension, several
unique questions remain unsolved and warrant further examination [28–30]. First, how
visualizations can be better contextualized remains unclear. In recent years, substantial
efforts have been spent on applying various contextual cues, such as colors [22,28,31,32],
texts [22,28,31], imagery [22], and interpretive statements [22,28], to underscore the mean-
ing of health information in medical test results and facilitate patients’ comprehension
of the information. For instance, Arcia et al. [22] designed a reference range number line
(RRNL) visualization with text, color, and imagery as contextual cues to display Asthma
Control Questionnaire (ACQ) scores for asthma patients and found that the patients can
better understand the questionnaire information. Morrow et al. [22] used facial icons and
color in the RRNL design to facilitate patients’ understanding of their cholesterol and
blood glucose test results. However, optimal use of contextual cues warrants further exami-
nation [22,27], which requires rigorously designed experiments to evaluate the effects of
different visual designs on viewers’ information comprehension. In addition, the underly-
ing mechanism on how contextual cues can attract and guide viewers’ visual attention and,
subsequently, facilitate their information comprehension has rarely been examined [33,34].
Without knowing the underlying mechanism, researchers and practitioners may be unable
to explain the reason why certain visual designs lead to different interpretation perfor-
mance, and thus, optimal visual designs of health information appear unavailable. To solve
this problem, eye-tracking techniques can be used to provide more detailed and valuable
sources of objective data on where and how viewers’ eyes move when they are exposed
to visualized information [35–37]. As eye-tracking hardware and algorithms mature, an
eye-tracking technique has been widely applied to a range of research fields, including
neuroscience/psychology, industrial engineering/human factors, marketing/advertising,
and computer science [38]. For instance, Ares et al. [39] evaluated designs of food labels
using an eye-tracking technique and demonstrated that the technique can be a useful tool
to measure individuals’ visual attention and information acquisition. Arslan et al. [40]
employed an eye-tracking technique to evaluate the usability of a component of a ships’
bridge navigation system and contribute to research on eye-tracking in marine transporta-
tion. Cho et al. [41] adopted an eye-tracking retrospective think-aloud method to identify
critical interface design issues of a mobile health app.

More importantly, older adults are in urgent need of understanding their own health
information. Although some studies have examined this group [28,42,43], they presented
little evidence on the comparison of comprehension of visualized health information
between older and younger adults. Understanding how people in different age groups
process visualized health information is necessary for both researchers and practitioners to
improve visualization design for specific age groups.

To fill the research gap, we conducted an exploratory study to investigate the effects
of visualizations with various contextual cues on users’ comprehension of self-monitoring
results and to examine how different visualization designs affect users’ visual attention
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during the comprehension of the information with eye-tracking techniques. In addition,
this study also aimed to understand how users’ information comprehension and visual
attention would differ by age in the comprehension of visualized self-monitoring results.

2. Materials and Methods

Chronically ill patients are usually required to self-interpret their self-monitoring
results presented on their health management systems (e.g., m-health app, health man-
agement portal). To facilitate individuals’ comprehension of digital health information,
we proposed four visualizations and tested their effectiveness among two age groups.
Our study focused on the design of RRNLs, which have been widely used for presenting
personal health information [22,27,31,42,44].

2.1. Experimental Design

The experiment employed a two-way (4 × 2) mixed design, with visualization and age
as independent variables. We designed visualizations based on RRNLs that have been com-
monly used in previous studies, and deliberately introduced redundancies to the RRNLs
by utilizing different combinations of contextual cues (e.g., color, text, and personalized
statement). Previous literature has indicated that presenting multiple contextual cues was
favorable because it improved patient confidence of interpretation, and reduced the risk of
stripping away valuable meaning [22,27]. Four visualizations with various contextual cues
were examined, including basic type (Visualization A), basic type plus color (Visualization
B), basic type plus color and text (Visualization C), and basic type plus color, text, and
personalized statement (Visualization D) (as shown in Figure 1; for details, see Stimuli).
Two typical age groups were examined, including young (i.e., aged 18–40 years) and older
adults (i.e., aged 60 years and above).
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2.2. Stimuli

Stimuli in this present experiment were images presenting visualized digital health
information from self-monitoring tests on blood glucose and blood pressure, two typical
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self-monitoring tests that people with chronic diseases (in particular, diabetic and/or hyper-
tension patients) would usually perform in their self-management activities. These images
were used to simulate interfaces that they would usually see on their health management
system (e.g., m-health app, health management portal). For images presenting testing
results for blood pressure, both systolic (top of the image) and diastolic blood pressure
(bottom of the image) results, were presented. For images presenting testing results for
blood glucose, both fasting blood glucose (top of the image) and two hours postpran-
dial blood glucose (bottom of the image) results, were presented. The self-monitoring
results were presented in both normal and abnormal scenarios. According to published
health care guidelines for hypertension and diabetes [45,46], the normal ranges of blood
pressure and blood glucose levels shown in the images were as follows: systolic blood
pressure (90–140 mmHg), diastolic blood pressure (60–90 mmHg), fasting blood glucose
(3.6–6.9 mmol/L), and two hours postprandial blood glucose (3.9–11.0 mmol/L). Test
results that were beyond normal range were determined as abnormal.

Specifically, Visualization A employed a non-color RRNL only. Visualization B applied
stoplight colors on Visualization A with green and red indicating normal and abnormal
testing results, respectively, to facilitate value judgements. Visualization C was designed
based on Visualization B by providing text explanations for the colors. Visualization D,
based on Visualization C, provided an additional personalized statement regarding the
average value from the population with the same sex and age as the participants.

In the experiment, participants were presented with images with varied visualizations
on self-monitoring tests and were asked to complete two experimental tasks regarding each
of the images. The experimental tasks were created based on typical health care activities
during patients’ self-monitoring processes, and included verbatim comprehension tasks
(i.e., indicating the exact test values presented on the images) and value interpretation tasks
(i.e., determining whether the test values were within the normal range).

2.3. Apparatus

The participants performed the experimental tasks on a Dell 23-inch all-in-one touch
screen computer (resolution: 1024 × 768 pixels). The viewing distance between participants’
eyes and the computer monitor was about 50 cm. E-prime software was used to present
stimuli and record participants’ responses. Participants’ eye movements were monitored
using a Tobii X-120 system operating at 120 Hz.

2.4. Participants

Initially, this study recruited 36 young adults and 36 older adults via poster announce-
ment. However, the sampling proportions on eye movement data were lower than 70% for
8 young adults and 23 older adults due to either astigmatism symptoms or head movement
during the experiment, which made the data less qualified for analysis. Thus, they were
excluded from our data analysis. The final sample comprised 28 young adults (16 males
and 12 females; mean age = 22.75, SD = 2.52) and 13 older adults (5 males, 8 females;
mean age = 65.38, SD = 3.95). While our study was considered as exploratory, the sam-
ple size was still able to detect a medium effect size of 0.35 in a two-way mixed design
repeated-measures analysis of variance (ANOVA) with recommended statistical power
(β = 80%) and significance level (α = 0.05). The participants reported that they had normal
color vision, received primary school education or above, and had normal mobility and
mental alertness. None of the young adults had chronic diseases, while all the older adults
had chronic disease (one (7.7%) had diabetes and 12 (92.3%) had hypertension). All the
participants provided informed consent prior to the experiment.

2.5. Procedures

Upon arrival at the laboratory, participants were briefed by a researcher regarding the
objectives and procedures of the experiment. They were then asked to complete a standard-
ized eye-tracker calibration and then to perform a series of practice trials to ensure that
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they were familiar with the device and procedures. In the formal experiment, participants
were presented with images that showed varied visualizations of self-monitoring results
and were asked to indicate the exact test values (i.e., the verbatim comprehension task)
presented on the image and to determine whether the test values were within the normal
range or not (i.e., value interpretation task). Participants needed to complete a total of
32 trials (one image per trial: four visualizations × four types of test measures (i.e., systolic
and diastolic blood pressure, fasting blood glucose, and two hours postprandial blood
glucose) × two health status (i.e., normal and abnormal)). The images under varied experi-
mental conditions were presented in a fully randomized order. The experiment consisted
of two 20 min sessions, with 5 min rest between them.

2.6. Measures

We measured participants’ task completion time, accuracy rate, and eye movement
during the experiment. Task completion time was measured as the total time required to
complete the tasks. Accuracy rate was calculated as the proportion of correct responses.
To analyze participants’ visual attention, we defined four areas of interests (AOIs) on the
images (Figure 2). For each AOI, eye movement measures included time to first fixation
(time from the start of the stimuli present until the participant fixated on the AOI for
the first time), first fixation duration (duration of the first fixation within an AOI), total
fixation duration (duration of all fixations within an AOI), fixation count (number of times
a participant fixated on an AOI), total visit duration (duration of all visits within an AOI),
and visit count (number of times a participant visited an AOI). These fundamental eye
movement metrics were selected according to previous literature [39]. Time to first fixation
and first fixation duration represent what grabs participants’ attention first. The AOI that
yield the shortest time to first fixation may have attention-attracting properties [47]. Fixation
count can indicate the importance of information in a specific AOI, with more fixation
counts indicating higher importance of the AOI. Total fixation duration can indicate the
duration of cognitive processing on information, with longer fixation duration representing
longer cognitive processing [48]. Visit count and duration represent participants’ interest
or ease of understanding with information presented in a specific AOI.
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as an example: AOI 1 covered areas for presenting the numbers of blood pressure/blood glucose,
AOI 2 covered areas for the color cue, AOI 3 covered areas for the text cue, and AOI 4 covered area
presenting the reference information of the normal range).
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2.7. Data Analysis

Mixed-design repeated-measures ANOVAs, validated with Mauchly’s sphericity test,
were performed to investigate the effects of visualization, AOI, and age on dependent
measures. The violation of the sphericity assumption led to the use of Greenhouse–Geisser
adjusted degree of freedom and p-values. Post hoc multiple comparisons were performed
with Bonferroni adjustments.

3. Results
3.1. Performance Measures

Age showed a significant effect on accuracy rate (F(1, 39) = 13.63, p = 0.001) and task
completion time (F(1, 39) = 56.07, p < 0.001) in the verbatim comprehension task. Age also
yielded a significant effect on accuracy rate (F(1, 39) = 13.03, p = 0.001) and task completion
time (F(1, 39) = 27.04, p < 0.001) in the value interpretation task. Older adults yielded lower
accuracy rate and longer task completion time compared to younger adults in the two tasks
(Table 1). Comparable accuracy rate and task completion time were observed across the
four visualizations in the two tasks. Moreover, there was no significant interaction effect
between age and visualization (Figure 3).

Table 1. Task completion time and accuracy rate by visualizations and age.

Accuracy Rate (%) Task Completion Time (s)

Descriptive Analysis ANOVA Descriptive Analysis ANOVA

Mean SD F Value p Value Mean SD F Value p Value

Verbatim comprehension task

Visualization (V) 0.83 0.46 1.28 0.29
V-A 78.2 0.3 19.5 7.3
V-B 74.8 0.3 23.0 16.9
V-C 77.3 0.3 22.9 12.2
V-D 73.6 0.4 24.1 10.8

Age 13.63 0.001 56.07 <0.001
Young 91.3 0.2 13.8 6.8

Old 60.6 0.2 31.0 6.8

Value interpretation task

Visualization (V) 0.84 0.48 0.29 0.77
V-A 86.7 0.2 4.0 1.8
V-B 87.2 0.2 4.3 3.2
V-C 84.9 0.2 4.0 2.9
V-D 83.0 0.2 4.3 2.5

Age 13.03 0.001 27.04 <0.001
Young 94.0 0.1 2.9 1.4

Old 76.9 0.1 5.4 1.4

Notes: V-A: basic, V-B: color, V-C: color + text, V-D: color + text + personalized statement.

3.2. Eye Movement Measures
3.2.1. Time to First Fixation and First Fixation Duration

AOI showed a significant effect on time to first fixation (F(1.37, 23.22) = 8.32, p = 0.005).
AOI 1 resulted in shorter time to first fixation than that for AOIs 2 and 4 (see Table 2). Age
showed a significant effect on time to first fixation (F(1, 17) = 27.24, p < 0.001). Shorter
time to first fixation was observed among younger adults compared with older adults.
Moreover, there was a significant interaction between AOI and age (F(1.37, 23.22) = 11.66,
p = 0.001). AOI 4 yielded significantly longer time to first fixation than the other three AOIs
among older adults, whereas the four AOIs yielded similar time to first fixation among
younger adults (Figure 4). There was no effect of visualization on time to first fixation
duration. No other significant interaction was observed.
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Table 2. Time to first fixation and first fixation duration by visualizations, age and AOIs.

Time to First Fixation (s) First Fixation Duration (s)

Descriptive Analysis ANOVA Descriptive Analysis ANOVA

Mean SD F Value p Value Mean SD F Value p Value

Visualization (V) 1.26 0.30 0.53 0.57
V-A 3.36 1.50 0.20 0.11
V-B 4.35 3.06 0.23 0.14
V-C 3.26 1.32 0.21 0.09
V-D 3.76 2.06 0.21 0.08

AOI 8.32 0.005 6.40 0.002
AOI1 2.34 0.65 0.26 0.16
AOI2 3.34 1.19 0.21 0.10
AOI3 3.27 1.56 0.20 0.07
AOI4 5.77 4.12 0.17 0.07

Age 27.24 <0.001 <0.001 0.99
Young 2.15 1.24 0.21 0.07

Old 5.22 1.24 0.21 0.05

Notes: V-A: basic, V-B: color, V-C: color + text, V-D: color + text + personalized statement.
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AOI showed a significant effect on first fixation duration (F(3, 33) = 6.40, p = 0.002).
AOI 1 resulted in longer first fixation duration than AOIs 3 and 4. Visualization and
age did not have a significant effect on first fixation duration. No significant interaction
was observed.

3.2.2. Total Fixation Duration and Fixation Count

The four visualizations achieved similar total fixation duration and fixation count.
AOI showed a significant main effect on total fixation duration (F(1.70, 28.87) = 9.17,
p = 0.001) and fixation count (F(1.60, 27.16) = 6.09, p = 0.01). AOI 4 yielded the shortest total
fixation duration than other AOIs (see Table 3). Moreover, AOI 2 achieved significantly
shorter total fixation duration than AOI 1. AOIs 1 and 3 yielded more fixations than
AOI 4. Age had significant effects on total fixation duration (F(1, 17) = 16.57, p = 0.001)
and fixation count (F(1, 17) = 11.41, p = 0.04). Older adults achieved longer total fixation
duration and more fixations than younger adults. The interaction between visualization
and AOI was significant for both total fixation duration (F(2.20, 37.40) = 4.65, p = 0.01) and
fixation count (F(2.65, 44.97) = 3.90, p = 0.02). AOI 3 in visualizations B and C yielded
longer total fixation duration and more fixations than it in Visualization A, and AOI 1 in
Visualization B yielded longer total fixation duration than it in Visualization A. Additionally,
a significant interaction between AOI and age was observed for total fixation duration
(F(1.70, 28.87) = 5.43, p = 0.01) and fixation count (F(1.60, 27.16) = 5.63, p = 0.01). AOI 4
yielded significantly longer total fixation duration and fewer fixations than other three
AOIs among elderly participants, whereas the four AOIs yielded similar total fixation
duration and fixation count among younger adults (see Figure 5). No other significant
interaction was observed.
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Table 3. Total fixation duration and fixation count by visualizations, age and AOIs.

Total Fixation Duration (s) Fixation Count

Descriptive Analysis ANOVA Descriptive Analysis ANOVA

Mean SD F Value p Value Mean SD F Value p Value

Visualization (V) 1.69 0.21 1.51 0.24

V-A 0.83 0.35 4.26 2.56
V-B 1.52 0.98 6.57 3.97
V-C 1.34 0.97 5.44 3.15
V-D 1.75 2.31 7.73 9.76

AOI 9.17 0.001 6.09 0.01

AOI1 2.02 1.56 7.94 6.81
AOI2 1.25 1.05 5.59 4.15
AOI3 1.53 0.77 6.85 2.62
AOI4 0.63 0.36 3.61 2.34

Age 16.57 0.001 11.41 0.04

Young 0.67 0.71 3.44 3.18
Old 2.05 0.71 8.56 3.18

Notes: V-A: basic, V-B: color, V-C: color + text, V-D: color + text + personalized statement.
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3.2.3. Total Visit Duration and Visit Count

Comparable total visit duration and visit count were yielded across visualizations.
AOI showed a significant main effect on total visit duration (F(1.42, 22.65) = 6.56, p = 0.01)
and visit count (F(1.48, 25.23) = 13.59, p = 0.001). AOI 1 yielded significantly longer total
visit duration than AOIs 2 and 4, and AOI 3 led to significantly longer total visit duration
than AOI 4 (see Table 4). AOI 4 yielded the fewest visit counts compared with the other
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three AOIs. Age had significant effects on total visit duration (F(1, 16) = 10.90, p = 0.005)
and visit count (F(1, 17) = 8.29, p = 0.01). Older adults achieved longer total visit duration
and more visits than younger adults. Moreover, a significant interaction between AOI
and age was observed for total visit duration (F(1.42, 22.65) = 4.00, p = 0.045) and visit
count (F(1.48, 25.23) = 5.90, p = 0.01). AOI 2 yielded significantly longer total visit duration
than other AOIs for elderly adults, whereas no significant difference in total visit duration
was observed among the four AOIs for young adults (see Figure 6). AOI 4 yielded fewer
visits than the other three AOIs among older adults, whereas no significant difference
was observed among the four AOIs for young adults. No other significant interaction
was observed.
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Table 4. Total visit duration and visit count by visualizations, age, and AOIs.

Total Visit Duration (s) Visit Count

Descriptive Analysis ANOVA Descriptive Analysis ANOVA

Mean SD F Value p Value Mean SD F Value p Value

Visualization (V) 1.31 0.28 1.79 0.16

V-A 1.35 0.79 2.63 1.40
V-B 2.42 1.58 4.07 2.31
V-C 2.01 1.59 2.96 1.39
V-D 2.94 4.56 4.25 4.87
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Table 4. Cont.

Total Visit Duration (s) Visit Count

Descriptive Analysis ANOVA Descriptive Analysis ANOVA

Mean SD F Value p Value Mean SD F Value p Value

AOI 6.56 0.01 13.59 0.001

AOI1 3.44 3.31 4.61 3.18
AOI2 1.85 1.61 3.68 2.31
AOI3 2.33 1.23 3.76 1.42
AOI4 1.09 0.83 1.85 0.85

Age 10.90 0.005 8.29 0.01

Young 1.10 1.36 2.31 1.71
Old 3.26 1.35 4.65 1.71

Notes: V-A: basic, V-B: color, V-C: color + text, V-D: color + text + personalized statement.

4. Discussion

Inappropriate presentation of personalized digital health information may hinder
patients’ understanding of their health status and their subsequent health care decision-
making [15], stressing the need to examine how patients’ self-monitoring data should be
better visualized. Consistent with previous studies [24,31,49], our results indicated that
different visualizations of health information affected viewers’ comprehension. Compared
with previous relevant studies, our study had the following advantages: (1) our study was
one of the pioneer studies that dig deep into how visualizations with varied contextual
cues (i.e., color, texts, and personalized statement) would affect viewers’ comprehension
of digital health information; (2) we explored the underlying mechanism of how different
visual designs influenced viewers’ visual attention using eye-tracking techniques; and
(3) we examined how people in different age groups process visualized health information
when different contextual cues were employed.

4.1. Main Findings
4.1.1. Performance Measures

We found that the four visualizations achieved comparable task performance, probably
because they were all designed based on an RRNL graph. These visualizations in general
shared the same layout, with limited differences in what and how the information cues
were presented. Therefore, the differences in the four visualizations may be not able to
significantly affect participants’ performance. This result indicated that the introduction of
contextual cues would not induce additional workload and contextual cues could be used
to improve information richness [27].

In addition, we observed significant effects of age on task performance in health
information cognition, a finding consistent with previous literature [21]. In particular,
older adults yielded longer task completion time and made more errors in comprehension
of the self-monitoring results. This may be that older adults may have suffered from
considerable difficulties when interpreting their health data due to the deterioration of their
cognitive abilities. In addition, older adults have lower health literacy and graph literacy
compared with young adults [19]. In contrast, the finding that younger adults had better
task performance could be that they were more familiar with health data visualization, as
they were more likely to use self-monitoring tools (e.g., fitness trackers) compared with
older adults.

Moreover, it is important to note that, when assessing the effectiveness of visualization,
we should put more weight on accuracy in relation to efficiency, because misunderstanding
of health information may lead to inappropriate decision-making. In this case, it is favorable
to employ more contextual cues (as this may not induce additional workload) to aid patients’
comprehension, even though this may sacrifice efficiency to a certain extent.
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4.1.2. Eye Movement Metrics

Our results showed that AOI and age yielded significant effects on eye movement
metrics. In particular, AOI 1 (presenting the number of test results) had the shortest time
to first fixation and the longest first fixation duration. This finding is probably due to
the good attention-attracting property that the large font size owns in the presentation
of test result numbers [39]. In addition, it was also observed that AOIs 1 and 3 yielded
more fixations. It indicated that these two AOIs contained important information for task
completion, so that the participants paid more attention to these AOIs. The significant
interaction between visualization and AOI indicated that AOI 3 yielded more fixations for
visualizations B and C than A. The reason may be that visualizations B and C contained
information cues for explaining the cut-off points compared with Visualization A. It is
likely that the additional information cues in AOI 3 have successfully attracted more visual
attention and could be an effective way to present important information. Besides, we
observed that AOI 1 yielded the longest total fixation duration, indicating that participants
took more time to understand the information presented in AOI 1. A possible explanation
is that the information in AOI 1 was different across trials; therefore, participants need
more time to process the novel stimulus.

The results regarding visit measures indicated that AOI 4 yielded fewer visits than
for the remaining areas. It indicated that participants have seldom examined this area
in their task performance. One explanation may be that AOI 4 was in a peripheral area
compared with other AOIs and was easy to be ignored. Another reason could be that
the information presented in AOI 4, in fact, conveyed the same meaning as in AOI 3. It
is likely that the participants have already been able to comprehend the self-monitoring
results by reading the visualized information in AOI 3, and thus they did not need to visit
AOI 4 again. Overall, the result indicates that visualization could be an effective way to
guide users’ visual attention to important information. Results of the total visit duration
indicated that AOIs 1 and 3 yielded the longest total visit time, which is consistent with
the results on total fixation duration. This consistency is probably because the two AOIs
contained the most important information. However, it should be noted that, in addition to
the content, total visit duration may also be influenced by the size, complexity, color, and
layout of the area.

Our results also indicated that older adults spent a longer amount of time to fixate
on a specific AOI at the first time compared with younger adults. The interaction effect
between AOI and age demonstrated that older adults spend the longest amount of time to
first fixate their gaze on AOI 4, probably because the AOI was at the bottom of the image
and the font size used in this AOI was relatively small, making older adults less likely to
notice this area. In addition, older adults yielded longer total fixation duration and more
fixations than younger adults. As for the interactions between AOI and age, the results
illustrated that the area (AOI 4) with fewer fixations and shorter total fixation duration for
older adults was also the one that older adults fixated their gaze on last, indicating that
AOI 4 did not catch participants’ attention.

4.2. Implications

Our study provides both theoretical and practical implications for the presentation
of digital health information. Theoretically, our work explains how different contextual
cues influenced comprehension of digital health information and attracted visual attention.
We also examined age-related differences in this process. Such contributions could be
important, considering the lack of understanding of the underlying mechanisms in digital
health information comprehension and the lack of theoretical guidance for the optimal
design and visualization of such information for specific age groups. Moreover, our study
demonstrated that an eye-tracking technique could be an effective tool in revealing the
underlying mechanisms on how visual attention was affected by different visualizations.

Practically, our study provides important implications regarding how numeric health
information could be better presented. First, although our findings may not be able to
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indicate an optimal design of visualizations, practitioners should be aware of the advan-
tages and disadvantages of different visualizations. For example, the four visualizations
could yield comparable efficiency and effectiveness in information comprehension. While
the basic type owns a concise interface, other visualizations are featured with redundancy
designs (e.g., use of color, text, and personalized information) that represent additional
information cues. Those cues may help facilitate viewers’ confidence in their information
comprehension without sacrificing efficiency and effectiveness [15].

Second, the observed age-related differences in information comprehension suggest
that data visualizations that achieve high levels of comprehension performance for younger
adults could not achieve equal performance for older adults. On one hand, additional
assistance should be provided for older adults if current visualizations are to be employed
in electronic health portals, so as to ensure that older adults are able to make appropriate
health care decisions based on correct comprehension of their health data; on the other hand,
it appears urgent to explore tailored design for older adults that can achieve comparable
efficiency and effectiveness with younger adults. Participatory design [27,49,50] and
usability evaluation [27,51] targeting older adults are two recognized user-centered design
methods that can help achieve such purposes, and thus are recommended in future design
of digital health information interfaces.

Finally, in line with many other studies [52], our results indicated that attention to
visualized health information can be affected by both human (e.g., age) and interface
(e.g., color, text, and location) characteristics. For example, older adults are more likely to
ignore peripheral and less salient information (e.g., reference information located at the
bottom of the image) compared with young adults. These results suggest that practitioners
should consider better ways to present, position and configure information elements
to facilitate viewers’ effective use of visual attention resources (e.g., attract, guide, and
maintain viewers’ visual attention). For instance, salient information cues can attract and
maintain more visual attention and could be used to present important information that
MUST be noted by viewers. This is an especially effective design solution for older adults.

4.3. Limitations and Future Work

Similar to many other studies [21,22,24], our study was conducted in the context of
hypothetical scenarios. The participants were asked to imagine that the presented health
information was their own self-monitoring results, potentially resulting in a lack of personal
relevance. Moreover, our experiments only asked participants to perform verbatim and
comprehension tasks. However, for chronically ill patients, in addition to caring about the
numbers, it is more important for them to know what they need to accomplish to deal with
their health issues. Future studies could examine how information presentation would
influence patients’ decision-making regarding their preferred course of action [21,31,42].

5. Conclusions

Visualizations are a promising tool to make digital health information easily compre-
hensible for chronically ill patients and help them engage with their own health information.
The present study provides insights into how young and older adults comprehend numeric
health information from graphs and how eye-tracking techniques could be used to reveal
visual attention and information acquisition during the information comprehension pro-
cess. Knowledge regarding the effects of contextual cues and age on task performance and
visual attention provides important implications for the design and presentation of digital
health information.
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