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Abstract
Background: Smart home technologies provide a valuable resource to

unobtrusively monitor health and wellness within an older adult popu-

lation. However, the breadth and density of data available along with

aging associated decreases in working memory, prospective memory,

spatial cognition, and processing speed can make it challenging to com-

prehend for older adults. We developed visualizations of smart home

health data integrated into a framework of wellness. We evaluated the

visualizations through focus groups with older adults and identified

recommendations to guide the future development of visualizations.

Materials and Methods: We conducted four focus groups with older adult

participants (n =31) at an independent retirement community. Partici-

pants were presented with three different visualizations from a wellness

pilot study. A qualitative descriptive analysis was conducted to identify

thematic content. Results: We identified three themes related to proces-

sing and application of visualizations: (1) values of visualizations for

wellness assessment, (2) cognitive processing approaches to visualiza-

tions, and (3) integration of health data for visualization. In addition, the

focus groups highlighted key design considerations of visualizations im-

portant towards supporting decision-making and evaluation assessments

within integrated health displays. Conclusions: Participants found in-

herent value in having visualizations available to proactively engage with

their healthcare provider. Integrating the visualizations into a wellness

framework helped reduce the complexity of raw smart home data. There

has been limited work on health visualizations from a consumer per-

spective, in particular for an older adult population. Creating appropri-

ately designed visualizations is valuable towards promoting consumer

involvement within the shared decision-making process of care.
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Introduction
HEALTH VISUALIZATIONS FOR OLDER ADULTS

O
lder adults (65 years of age or above) face a broad range of

health-related issues while striving to maintain healthy

independence. Wellness assessment tools can be an ef-

fective means towards supporting successful aging.1,2

However, both breadth and density of data are challenges toward

creating meaningful representations of complex constructs such as

quality of life or wellness. Normal age-associated changes such as

reduced visual acuity and slower information processing speeds

present unique challenges for the design of older adult-specific vi-

sualizations.3–5 In addition, the health information needs of older

adults differ from those of healthcare providers (HCPs).6 Representing

data to an older adult stakeholder group through appropriately de-

signed visualizations can improve the utility of wellness assessment

tools while promoting involvement of older adults as full members of

the care team. We addressed the lack of existing consumer-centric

visualization approaches for older adults through the design and

evaluation of novel representations of wellness from smart home

health data.

DUNN’S MODEL OF WELLNESS AS A CONCEPTUAL
FRAMEWORK

Dunn7 defined wellness as an integrated balance of social, phys-

ical, cognitive, and spiritual health. This is consistent with older

adults’ multidimensional perceptions of successful aging.8 We ap-

plied Dunn’s conceptual model of wellness to categorize health

monitoring data into the four domains of physiological, social,

spiritual, and cognitive health. These represent the units of ana-

lyses for our visualizations. The aim of this research was not to test

the conceptual model for wellness, which has been previously

validated, but instead to evaluate and compare data visualization

approaches.9,10

COGNITIVE PROCESSING OF VISUALIZATIONS
To inform the design of visualizations, we examined the existing

literature on cognitive design principles. Cognitive theories provide

guidelines for developing appropriate visualizations with abstrac-

tions that help reduce the cognitive load of extracting information

from data. As summarized by Carpenter and Shah,11 there are three

primary steps involved in comprehending a visualization: (1) en-

coding the visual information, (2) relating visual features to concepts,

and (3) associating concepts with existing knowledge.

Visual characteristics of the display can influence how effective a

viewer can encode graphical information. Cleveland and McGill12

identified six elementary perceptual tasks of visualizations and

provided a ranking of these tasks based on accuracy of performance.

The tasks ranked from most accurate to least accurate were as fol-

lows: position along a common scale, position along a nonaligned

scale, length and angle, area, volume, and shading.

Once encoded, the visualization is mapped into conceptual rela-

tions such as differences in size, changes in trend, and differences in
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spatial location.13,14 Pinker15 proposed a set of cognitive operations

that are executed when processing a graph to create a mapping

(graph schema) that relates visual features to conceptual relations

found in the display. Errors in interpretation occur when visual

characteristics do not effectively get translated into concepts or

relationships.14–16

Existing knowledge impacts the interpretation of visualizations by

providing context for conceptual elements.17 Health visualizations

designed for older adults are challenging because there is often a gap in

domain knowledge. Concepts of spiritual, cognitive, social, and physical

health may differ across participants. From a design perspective, this

informs the need to articulate the underlying structure of the visuali-

zations and to relate it to familiar existing experiences of participants.

PURPOSE
We evaluated comprehensive visualization approaches of well-

being for older adults. Health monitoring systems can collect an

overwhelming amount of data. Visualizing this information provides

a meaningful overview of long-term health progress for older adults

to use and share for decision-making about their health. We evalu-

ated our visualization designs through focus groups with older

adults. The results of our evaluation are part of an iterative design

process to guide future visualizations within wellness assessment.

Materials and Methods
HEALTH MONITORING DATA

Data for our visualizations came from an 8-week pilot study where

commercially available health monitoring technologies were im-

plemented within a community room at a retirement facility in the

Seattle, WA, area. The data came from three commercially available

sources: (1) a telehealth kiosk system, (2) cognitive assessment soft-

ware, and (3) a survey collection tool.16,17 Types of data collected

included physiological measures such as heart rate and blood pressure,

self-reported survey responses of social and spiritual health, and

cognitive software assessments. We categorized the data into the four

domains of health as defined by Dunn’s model of wellness and cal-

culated a normalized score for each domain (ranging from 0 to 100).

Data processing is explained in full detail in Thompson et al.18 We

extrapolated a hypothetical dataset over 12 months based on these

data to serve as the source for our visualizations of longitudinal health.

DESIGN OF HEALTH VISUALIZATIONS
Prior to prototyping, we brainstormed concepts about the features,

content, and the look and feel of the visualizations. We created hand

sketches of several ideas for each concept and conducted an evalu-

ation session with researchers in gerontological care. Based on our

initial sketches, the researchers’ feedback, and preferences expressed

by community-dwelling older adults in earlier sessions,18,19 we

created four design goals for guiding our preliminary data visuali-

zation wireframes:

1. Display comparison. From previous research, older adult par-

ticipants were eager to understand how well they were doing

in terms of overall wellness, in comparison with their peers in

the community.20,21 The visualization should then provide a

juxtaposition of multiple datasets of well-being information to

illustrate differences.

2. Display trend. Older adults expressed a need for a view of

longitudinal data to detect health trends.22 The visualization

should provide a diagram with one parameter of the data re-

presented over time to indicate a trend. Change over time is the

most important aspect of these diagrams.

3. Keep it simple. It should only show the data that are necessary

and meaningful, so users can absorb the information more

easily. The user is not necessarily analytical or scientific, nor

are they trained to analyze clinical data. However, if the data

appear too simple, they might feel the visualization has been

manipulated, or that it is no longer substantial. Maintaining

credibility while also maintaining simplicity and clarity is a

design challenge.23,24

4. Provide focus. The visualization should provide data points

and highlight areas that may require attention. The aim is to

prevent the user from dismissing information that is most

critical. The system should aid users in processing the infor-

mation quickly and effectively.

These recommendations provided a common frame of reference

for our initial design choices. In addition, we applied cognitive design

principles found in the data visualization literature to further guide

the visualization development. Empirical studies vary on the overall

superiority of one graphical method as opposed to another. Instead,

the value of the visualization is impacted by the match between

structure and function16; therefore, we included both considerations

in the development of early prototype visualizations.

VISUAL DISPLAYS
Based on our initial design recommendations and design princi-

ples, we developed three visualization prototypes: (1) the bar graph

diagram (Fig. 1), (2) the radial plot (Fig. 2), and (3) the light ball

metaphor (Fig. 3).

In the bar graph (Fig. 1), each component of health is plotted as

part of a stacked bar extended over 12 months for longitudinal

trends. Within the stacks are differences in shading to reinforce

changes in health components from the prior month. Darker shades

represent increased values, whereas lighter shades represent a decline

in score.

For the radial plot (Fig. 2), the visualization is composed of indi-

vidual dots earned as scores for physiological, social, cognitive, and

spiritual health. The overall size of the radial visualization reinforces

holistic wellness as an aggregate wellness score, whereas individual

colored dots emphasize the composition of the wellness score. An

individual evenly balanced in wellness would have a radial plot split

into equal quadrants for the four components of health.

The light ball metaphor (Fig. 3) reflects changes in brightness with

differences in score. For a given wellness score, the metaphor changes

in both size and brightness as scores increase. We selected this
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visualization as a metaphoric display of accomplishment with a

positive glow for high scores, reinforced with size of the ball as a

visual cue.

FOCUS GROUP SETTING AND PARTICIPANTS
We conducted four 60-min focus groups of between seven and

nine participants each (22 females, 8 males) at an independent

retirement community in Seattle. Focus groups are a valuable

qualitative method for eliciting feedback during the early design

process through moderated discussion. The retirement community

consists of older adults at least 62 years old residing in both

private apartments and assisted living homes. We restricted par-

ticipants to older adult members of the retirement community

who were independent in activities of daily living, fluent in En-

glish, and willing to participate through informed consent. The

University of Washington Institutional Review Board approved all

study procedures.

DATA COLLECTION
The research team developed and pilot-tested a protocol script to

guide the facilitation of the focus groups. The focus groups examined

questions related to interpretability of the visualizations and cogni-

tive processes involved in evaluating them. We placed a focus on the

processes involved with visualization as opposed to a quantification

of the data. For example, the protocol addressed how the use of

gradients, colors, or metaphors

may impact a participant’s ability

to interpret the data. We also

asked participants questions re-

lated to the application of dif-

ferent visualizations as support

for wellness assessment. These

included questions such as: How

might participants apply these

visualizations? How do partici-

pants use visualizations to iden-

tify longitudinal trends? How

might visualizations support shar-

ing of health information? What

components of the visualization

supported understanding of infor-

mation?

QUALITATIVE ANALYSIS
We transcribed the focus groups

verbatim. Analysis involved an

initial review of the focus group

transcripts and consensus devel-

opment of a preliminary codebook.

Two researchers independently co-

ded content within the focus groups

using the codebook. The research-

ers then compared and reconciled

coded content while refining the codebook as necessary before being

applied to the next transcript.25–27 This double coding helped ensure

inter-rater reliability and the iterative development of a codebook al-

lowed for flexibility in analyzing content. We conducted a content

analysis from the coded focus groups, extracting themes related to in-

formation needs and design recommendations of the visualizations.25

The findings were presented as qualitative description of the themes.28,29

Results
VISUALIZATION EVALUATION

From our qualitative descriptive analysis, we identified three

themes related to the processing and application of visualizations:

1. Values of visualizations for wellness assessment. Older adults

highlighted the potential applications of the visualizations,

both for wellness assessment and for the promotion of shared

decision-making between patient and provider. As one older

adult described, this could serve as a ‘‘graphic diary’’ to track

health information. Older adults also recognized the limited

availability of HCPs to remain informed about a patient’s

health status:

Six months or sometimes I go often, sometimes I don’t go for

quite a while. In between, anything can happen and he [physi-

cian] wouldn’t know about it. And sometimes you can’t verbalize

these problems, raise them.

Fig. 1. Bar graph representation of holistic wellness. Each bar contains components for social, physical,
cognitive, and spiritual health while providing both longitudinal views and comparisons with the
population.
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Due to the interval between visits with a HCP, there exists a

gap in knowledge and older adults are challenged with re-

calling and summarizing their perception of their wellness

trajectory during that time. Integrated health visualizations

help bridge this gap by providing a common frame of ref-

erence for discussions with HCPs. Although visualizations

allowed the individual to track health, participants did have

caveats. Longitudinal health tracking was valued if partici-

pants could identify interventions to impact the trajectories

identified within the display:

If we could have some effect on it ourselves, like if it indicated

that something you were doing or not doing was causing a drop

or rise, we could act appropriately or we could consult a health

care provider who takes care of that.

2. Cognitive evaluation of visualizations. Older adults applied a

high-level approach toward processing visual information by

focusing on holistic scores of wellness first and then, if necessary,

examining components of wellness: ‘‘I look at the highs and lows.

I actually look at the high, when it was, March. And then I look at

the lows, it’s June. I’m trying to figure out in my own mind why

there is a difference.’’ In contrast, HCPs are often more concerned

with fine-grained data for diagnostic purposes.6,30

Older adults highlighted the challenge of representing complex

information within the focus groups. Participants felt that too

much information was presented within the visualization and

were uncertain on what what elements of the visualization to

focus. Abstractions of data led to further confusion for

participants. This applied primarily to the radial plot (Fig. 2)

and light ball metaphor (Fig. 3). For example, one participant

stated:

It’s hard to imagine what the dots really represent in terms of what

was your base? Why do I have four physical dots in the center and

eight of the cognitive? What went into that? It seems arbitrary.

Of course it represents some measurement, but I think it’s hard to feel

specific about it. [The radial plot] is sort of a looser, quicker, look at

your condition.

Both brightness and size of the visualizations were visual cues

intended to reinforce wellness score; however, they either created

confusion or were ignored completely. Even within the tradi-

tional bar plot visualization (Fig. 1), participants found the subtle

shading of the bars, a visual cue for slope, difficult to discern: ‘‘So

now I have to worry about colors and shades of colors.I prefer

something much simpler.’’

3. Integration of health data for visualization. Participants iden-

tified with the conceptual framework of wellness consisting

of different domains of health. They emphasized the importance

of this segregation of wellness components within their personal

experiences, noting that combining different components of

health into an average score was

an incongruent comparison: ‘‘put-

ting together apples and oranges,’’

‘‘it doesn’t make sense,’’ and ‘‘each

category has to stand on its own.’’

In particular, the weights of each

component of wellness may not be

equal; some participants had lim-

ited interest in spiritual wellness

or had greater interest in social

wellness. Allowing consumers to

customize weights of these com-

ponents would improve value of

the visualizations.

DESIGN RECOMMENDATIONS
We provide a summary of de-

sign recommendations (Table 1).

The bar plot (Fig. 1) was well re-

ceived by participants. Older

adults were quick to comprehend

the data presented, partially be-

casue of the familiarity with the

display method: ‘‘We’ve all had a

lot more experience or exposure to

bar graphs and line graphs. They

do immediately tell us something.’’

The aligned scale along the x-axis

Fig. 2. Radial plot representation of holistic wellness. Overall radius of the plot represents
wellness score. Social, physical, cognitive, and spiritual components of wellness are modeled
as colored dots composing the radial plot.
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made it easier to compare overall wellness in time, while the slopes

allowed for detection of changes in wellness. However, partici-

pants found the shaded gradient within the displays confusing,

creating an additional dimension of analysis that was too subtle

and ineffective.

Older adults found that the colored dots of the radial plot (Fig. 2)

lacked clarity for comparisons: ‘‘.these various size circles and very

small dots are too numerous for us to want to bother with. I mean I can

only think of coinage and one is

for Japan and one is for Germany

and one is for Great Britain. It

doesn’t make sense for personal

use.’’ The visualization was also

difficult to compare longitudi-

nally, requiring an added cogni-

tive load to count the dots,

reference the key, and compare

from one radial plot to the next.

Instead, one participant described

his process of analysis as: ‘‘I would

ignore it [size and composition]

and look for the numbers because

the two middle buttons are the

same and yeah they’re a little bit

bigger but I wouldn’t use them as

a difference between the two.’’

The light ball metaphor (Fig. 3)

had mixed responses throughout

the focus groups. Older adults

found the display simple, while

also contrasting sharply against

the dark background. However,

participants often disregarded dif-

ferences in size and shading of the

light ball. These differences were

too difficult to distinguish unless

drastic changes in score occurred.

An unanticipated consequence of this visualization was its negative

association with mood due to its ominous background. Participants

suggested keeping the existing light ball metaphor concept, however,

with brighter colors similar to the bar and radial visualizations.

LIMITATIONS
Participants may interact with paper interfaces differently than

an on-screen display; this was commented on by those who noted

Fig. 3. A light ball metaphor to represent wellness. Shading and size of the light ball are correlated
with overall wellness, whereas individual components are viewed by selecting labeled panes
for social, physical, cognitive, and spiritual health as appropriate.

Table 1. Summary of Specific Feedback and Design Recommendations for Each of the Three Health Visualizations

POSITIVE FEEDBACK NEGATIVE FEEDBACK RECOMMENDATIONS

Bar plot (Fig. 1) � Familiar self-contained visualization

� Provides for quick longitudinal comparisons

� Allows for component comparisons

� Low, good, excellent ratings have no context.

� Color gradient for group comparisons

creates confusion.

� Shadings for longitudinal display are

too subtle.

� Remove color gradient from low

to excellent

� Separate holistic wellness graphs

into components

� Use solid color as opposed to shades

Radial plot (Fig. 2) � Explicit colors as opposed to gradual shadings

� Numbered wellness scores allow

for direct comparisons

� Dots are difficult to count.

� Colors are difficult to contrast.

� Shapes are perceived as distracting.

� Individual wellness components

� Connect dots for a solid ring

Light ball

metaphor (Fig. 3)

� Brightness difference amplifies large changes.

� Simplification of information

� Accommodates color blindness

� Can only view one wellness

component at a time

� Dark background creates an ominous tone.

� Use an alternative colored background

� Increase sharpness for comparisons
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the contrast between the static display and presence of icons within

the visualization. We also conducted focus group evaluations at a

single retirement community; greater generalizability of results may

apply if we had participants in a broader spectrum of health literacy.

We did not explicitly ask participants demographic information

such as age, education, or socioeconomic status. The construct of

wellness was integrated into a single score as an average of the four

components of social, spiritual, cognitive, and physiological health.

Participants expressed some reservations about this approach; an

alternative for the design would be to allow for customizable weights

for each component of wellness.

Discussion
VISUALIZATION NEEDS OF OLDER ADULTS

Our evaluation of early visualization prototypes highlight key

needs expressed by older adults. The visual representation of complex

multidimensional constructs like quality of life or wellness should be

clear and easy to understand; this component is often lost when de-

signing visualizations for wellness assessments with a clinical focus. We

found that visual cues should be used in moderation. Having multiple

cues to reinforce a visual trend detracts from, rather than reinforces,

cognitive efficiency. Participants expressed confusion with multiple

visual cues and in some instances chose to ignore them completely.

Carpenter and Shah11 proposed a mixed interaction of both

bottom-up processing and top-down processing involved in graph

comprehension. Bottom-up processing involves integrating visual

chunks from a graph for comprehension, whereas top-down pro-

cessing involves existing experiential knowledge for interpreta-

tion.11 Both elements were observed during our focus group

evaluations. A top-down approach contributed to preferences for the

bar plot display (Fig. 1), as participants cited familiarity and expe-

rience with the visualization. Bottom-up processes were described by

participants who used the visual displays to quickly identify longi-

tudinal trends such as drops in holistic wellness. Understanding

theoretical principles behind graph comprehension allows us to de-

sign better visualizations as part of further iterations. It can also

highlight where errors occur from cognition to comprehension.

Conceptually, older adults found the visualizations valuable as a

resource to stimulate discussion with HCPs. There was personal interest

in using the visualizations to monitor long-term health trends, in

particular, identifying changes that were gradual and not otherwise

observable day-to-day. The framework of wellness was favorably re-

ceived as older adults agreed that wellness is a multidimensional

concept. However, a personal level of customization was also re-

quested given that individuals place different weights on social, spir-

itual, cognitive, and physiological wellness.

Conclusions
Older adults are often faced with difficult decisions without full

access to all relevant information.31,32 According to Prahalad and

Ramaswamy,33 providing clinical information in an accessible manner

allows patients to have a personalized understanding of risk-benefits

to support decision-making. Our evaluation of three different ap-

proaches to synthesize and display wellness identified specific visu-

alization needs of older adults and provides recommendations to

inform the design of consumer-centric visualizations.
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