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Background Adherence to daily inhaled corticosteroid medication is important for
asthma control but low health literacy is a barrier to comprehension of control status
and may contribute to medication nonadherence. Infographics tailored with patients’
own data can support comprehension of health status, but these have not been applied
to asthma successfully.
Objectives This two-phased study developed and tested tailored infographics of (1)
scores on the Asthma Control Questionnaire (ACQ), a self-report measure of symptom
burden, and (2) pulmonary function test (PFT) results. The infographics are intended
for use as communication and adherence-promotion tools in clinical interactions.
Methods For both phases, participants (18þ years, English- or Spanish-speaking, persistent asthma) were recruited through two primary care clinics. In Phase I, we used a hybrid
iterative participatory design process to reﬁne prototype designs. In Phase II, we conducted
individual comprehension assessment interviews with the ﬁnalized designs. Infographics
were hand-tailored for each participant using their ACQ score and PFT results collected at
the start of the interview. Two independent raters scored interview transcripts for gist and
verbatim comprehension based on a predetermined rubric.
Results The ﬁve Phase I design sessions led to ﬁnal prototypes that participants (n ¼ 21)
considered appealing and easy to comprehend. All Phase II participants (n ¼ 10) demonstrated complete gist and verbatim comprehension. Participants reacted favorably to
receiving their information via infographics and expressed intentions to engage in selfmanagement behaviors (e.g., medication adherence, smoking cessation, weight loss, and
review of their care plan) in response to the information.
Conclusion This study provides preliminary evidence that infographics can support
comprehension of asthma control status and promote self-management intentions among
adults with persistent asthma. Infographics can be programmed into electronic health
records and/or standalone applications to allow for instant tailoring at the point of care.

Background and Signiﬁcance
Adherence to daily inhaled corticosteroid (ICS) medication is
important for asthma control; nearly every death or hospitalization due to asthma could be prevented with appropriate ICS use.1 However, uncontrolled asthma due to poor ICS
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adherence is common,2 particularly among ethnic and racial
minority adults.3 Minority adults are also disproportionately
represented among those with low health literacy, reﬂecting
lower educational attainment and limited English proﬁciency among nonnative English speakers.4 Low health literacy is
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a barrier to comprehension of asthma control status and may
contribute to medication nonadherence.5–11 Prior adherence
promotion efforts have focused on communicating proper
inhaler technique, but have not highlighted the rationale
behind improved adherence, namely poor asthma control.12
Therefore, supporting comprehension of asthma control
status may be a useful approach to promoting adherence,
thereby addressing one of the primary drivers of disparities
in asthma outcomes.3
Recent studies have examined the use of information
visualization for supporting comprehension of health data.
The assumption underlying these studies is that leveraging
people’s existing visual analysis skills minimizes cognitive
load, thereby easing the acquisition of new information.13
The theoretical premise of our study is that, as per the Health
Belief Model,14 exposure to health information (i.e., a visualization) will alert the viewer to their susceptibility to a health
threat and thus function as a cue to taking preventive health
action.
Various information visualization formats have been
studied for speciﬁc uses. A reference range number line
(RRNL) is an information visualization format in which a
clinical value can be visually compared with one or more
relevant criterion rages. These have been described variously in the literature as block/gradient lines,15 progress bars,16
and bar graphs,17 to cite a few; we propose that the term
RRNL is preferable because it is both accurate and descriptive. RRNLs are demonstrably superior to tabular and other
graphical formats for displaying laboratory values such as
cholesterol,17 hemoglobin A1c,15,18,19 and fasting blood
glucose,20 as well as for clinical values such as blood
pressure and body mass index.17,21 Icon arrays comparing
the risks associated with various treatment conditions have
been shown to narrow the comprehension gap for people
with low health literacy.22–24 Pictograms and illustrations
are sometimes useful for conveying medication administration instructions,25–28 but success depends heavily upon
the cultural appropriateness of the images; testing with end
users is critical for evaluating comprehensibility.29 Similarly, infographics that incorporate icons have been tailored
with research participants’ data to successfully support
comprehension of health status, but members of the target
audience must be part of the design process to ensure the
cultural relevance of the icons selected.21,30 Advances in
informatics now permit easy conversion of patient/participant data into ﬁnished, tailored infographics.31
A variety of patient-facing visualizations for asthma are
documented in the literature. These include illustrated asthma
action plans,32–36 inhaler instructions with pictograms and/or
illustrations,37,38 measurement instruments with illustrated
response options,39,40 graphical patient-reported outcome
summaries,41 and interfaces for mobile apps that track symptoms over time.42–44 The use of stoplight colors (green, yellow/
orange, and red) are common across these visualizations, as are
images of inhalers, suns and moons (to represent medication
dosing times), and people having difﬁculty breathing. Of the
aforementioned patient-facing visualizations, only the graphical patient-reported outcome summaries are intended to
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show cross-sectional data about asthma control status.
Speciﬁcally, Turner-Bowker et al41 used a simple number
line to display scores for the Asthma Control Test (ACT)45
alongside scores for other patient-reported outcome measures. Some participants found the graphical output confusing,
possibly owing to the presentation of multiple metrics on one
page, or because the number lines had only text anchors to
support score interpretations.41 As such, there is a gap in the
literature with regard to optimal formats for supporting
comprehension of asthma control status.

Objectives
The objective of this two-phased study was to develop and
test English- and Spanish-language tailored infographics of
(1) scores on the Asthma Control Questionnaire (ACQ),46 a
self-report measure of symptom burden, and (2) pulmonary
function test (PFT) results. The infographics are intended for
use as communication and adherence-promotion tools in
clinical interactions.

Methods
Participants
For both phases, participants were recruited through a federally qualiﬁed health center in Philadelphia and a primary care
clinic in New York City, both of which serves a predominantly
low-income, racial/ethnic minority population. To be eligible
to participate, patients had to be 18 years or older, able to see
and read large print text in English or Spanish (by self-report),
and have persistent asthma, deﬁned as having been prescribed
a daily ICS. Eligible patients were notiﬁed of the study by mail
and had the opportunity to opt out of recruitment. Those who
did not opt out were contacted by phone using an institutional
review board-approved telephone script. Each participant
attended only one design session or interview; Phase I participants were ineligible for Phase II. Written informed consent
was obtained from all participants.

Measures
We measured asthma control status with ACQ (used with
permission).46 Scores are averaged across six symptombased self-report items to yield a total score ranging from
0.00 to 6.00; scores 1.50 and greater indicate uncontrolled
asthma in clinical trials. A change of 0.5 units is considered
clinically meaningful.46
We performed PFT (Phase II only) using an EasyOne Air
portable spirometer (ndd Medical Technologies, Inc.) to
record forced expiratory volume in one second (FEV1), the
reference value for a nonsmoker without asthma of comparable age, sex, height, and race/ethnicity (FEV1 predicted),
and the percentage of unobstructed lung volume (FEV1%
predicted). The latter is classiﬁed as mild (80% or more),
moderate (60–79%), or severe (59% or less) asthma.1
To assess health literacy, we used the Newest Vital Sign
(NVS)47 which is based on the number of correct responses to
questions about information shown on a nutrition label.
Scores of 0 and 1 suggest a high likelihood of limited literacy,
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scores of 2 to 3 indicate the possibility of limited literacy, and
scores of 4 to 6 indicate adequate literacy.

Phase I, Iterative Participatory Design Sessions
We used a hybrid iterative participatory design process21 in
which the initial prototype infographic designs were developed by experts (the lead investigators, A.A. and M.G., and a
graphic designer) and then iteratively reﬁned with feedback
from members of the target audience (i.e., adults with
persistent asthma) in group participatory design sessions.
The goal was to reﬁne one or more successful designs for each
of the two topics, ACQ score and PFT results. A design was
considered successful when the participants indicated that it
was appealing and when their interpretations of its meaning
matched the meaning we intended.
In preparation for the ﬁrst session, the research team prepared multiple prototype designs for each topic (see ►Figs. 1
and 2 for examples) in both English and Spanish. These designs
were informed by an earlier exploratory study.48 Text was
translated into Spanish by two bilingual members of the
research team.
Phase I sessions took place at the clinics from which participants were recruited. We collected ACQ scores and demographic data and administered the NVS. The designs were
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tailored with the simulated data of ﬁctitious characters and
printed on U.S. Letter size card stock. Each participant was given
his or her own stack of designs, and these were reviewed one at a
time as a group. Facilitators experienced in participatory design
elicited participants’ interpretations of meaning by asking
“What information do you think we are trying to convey with
this image?” After reviewing the various designs for a topic, we
asked participants to select their preferred design by voice or
hand vote. Discussion focused on the reasons for participants’
preferences and their suggestions for improvement. To assess
for self-management motivation, we asked, “Would this image
motivate you to address the health issue?” Sessions, which each
lasted about 2 hours, were audio-recorded; assistants took
notes. Participants were each compensated $50 for their time.
The goal of data analysis was to identify the design elements
that contributed to or hindered comprehension. Therefore,
analysis was concurrent with data collection such that design
sessions were followed by a peer debrieﬁng for the members of
the research team to review notes, discuss and synthesize
impressions, and come to consensus about next steps. The
principal investigator and graphic designer performed design
iterations between sessions, reﬁning promising designs and
discontinuing unsuccessful ones, as per research team consensus. They maintained detailed notes about design decisions and

Fig. 1 Initial prototype design of the Asthma Control Questionnaire (ACQ) infographic. CC BY 4.0 Adriana Arcia & Nicole Spiegel-Gotsch for
Columbia Nursing, https://doi.org/10.7916/d8-w8hz-w605, p. 8.
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severe. What do you expect the result to be? Your best guess
is ﬁne.” We asked these questions to later evaluate if the
unexpectedness of a result might hinder comprehension, as
has been found in previous work.49 Participants then completed the ACQ and we performed PFTs.
The principal investigator (A.A.) hand-tailored infographics
with the participant’s ACQ score and PFT results. The infographics were printed on U.S. Letter size card stock and folded
into pamphlets. For the ACQ infographic, we used the design
shown in ►Fig. 3 except that we displayed only one score
and interpretive statement; the PFT infographic design was
unchanged from the one shown in ►Fig. 4. For both infographics, we omitted the care plan summary on the back cover
because we did not have the participant’s clinician on hand to
provide speciﬁc recommendations.
The principal investigator assessed comprehension using
the International Organization for Standardization (ISO)
9186 method for testing comprehensibility of symbols,50
modiﬁed for verbal administration.51 The investigator ﬁrst
showed a “No Smoking Within 25 Feet” symbol and delivered
the following script:

Fig. 2 One of the initial prototype designs of the pulmonary function
test (PFT) infographic that proved unsuccessful. CC BY 4.0 Adriana
Arcia & Nicole Spiegel-Gotsch for Columbia Nursing, https://doi.org/
10.7916/d8-w8hz-w605, p. 21.

the rationale for them that, alongside the notes and transcripts,
later functioned as an audit trail. Sessions continued until
reaching design saturation which is the point at which participants express satisfaction with the remaining designs and do
not identify the need for further substantive changes.

Qualitative Rigor
We promoted qualitative rigor through the use of conﬁrmatory
audit trails methods (e.g., triangulation between research
team members and peer debrieﬁng) as well as the use of a
dependability audit (e.g., showing designs in multiple sessions
before making a ﬁnal decision to discontinue a design or
consider it successful).

Phase II, Individual Comprehension Assessment
Interviews
Participants were scheduled for individual hour-long interviews and received $25 for their time. Interviews took place
either at the clinic from which participants were recruited
(in Philadelphia) or at Columbia University School of Nursing
in New York City. We collected demographic data and
administered the NVS then asked, “We are going to determine whether or not your asthma is controlled based on
some questions about your symptoms. Do you expect your
asthma to be controlled or not controlled? Your best guess is
ﬁne.” and “We are also going to do a test of your lung
function. It will tell us if your asthma is mild, moderate, or
Applied Clinical Informatics
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Let’s say I show this sign to someone. They might say “No
smoking” and I would write that down. There may be
times I ask you to say more to make sure I understand
what you’re thinking. For example, if someone looked at
this sign and said it means, “You can’t smoke near here,” I
would ask, “What do you mean by near?” Or I might just
say, “Tell me more about that.”
Following the instructions, the investigator started the
audio-recorder, asked the participant to review one infographic and then said “Tell me what you think it means and
I’ll write it down,” taking down the participant’s responses
verbatim. As the goal was to evaluate comprehension rather
than recall, the participant had continued access to the
infographic while they gave their interpretations of meaning.
The process was repeated with the second infographic. At the
end of the interview, participants were asked about their
reactions to seeing their information.
Modiﬁcation of the ISO 9186 method to verbal administration was necessary because it is less burdensome to low-literacy
respondents and because the infographics contained much
more information than the symbols for which the method
was originally intended. The purpose of both the instructions
and the note-taking was to encourage enough granularity from
the participant’s responses to adequately gauge comprehension.
Direct questions such as, “How much air did you blow out in
one second?” were only used if open-ended prompts failed to
yield sufﬁciently detailed responses. The permissible direct
questions, relating to both gist and verbatim comprehension,
are shown in ►Table 1 in the scoring rubric along with the
scoring criteria. Two independent raters, who had not been
present for the interview, were provided with the scoring rubric
with the correct responses ﬁlled in, a copy of the participant’s
infographics from which the correct responses were drawn, and
a transcript of the interview. In the event of a disagreement
between raters, a third tie-breaking rater would be used.
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Fig. 3 Front cover (L) and inside (R) of pamphlet to show Asthma Control Questionnaire (ACQ) scores at two time points. Redundancy in
imagery, colors, and interpretive statements reinforces meaning. CC BY 4.0 Adriana Arcia & Nicole Spiegel-Gotsch for Columbia Nursing, https://
doi.org/10.7916/d8-w8hz-w605, p. 3.

Results
Phase I, Iterative Participatory Design Sessions
We conducted ﬁve iterative participatory design sessions
(4 English, n ¼ 18; 1 Spanish, n ¼ 3) with 21 Hispanic (38%)
and non-Hispanic black (62%) adults. As shown in ►Table 2,
mean age was 50.2 (range 31–73), 71% were female, 62% had a
high school diploma or less, and 81% had uncontrolled asthma.
Fewer than 30% had adequate health literacy, by NVS scores. By
the conclusion of Phase I, participants expressed satisfaction
with the ﬁnal prototypes, shown in ►Figs. 3 and 4, indicating
that they were easy to understand and appealing. For example,
in Session 5, one participant said, of the PFT infographic, “It’s
self-explanatory,” and another commented, “I just… I like this.
I like this a lot. A lot.”

Design Improvements
The initial ACQ prototype design used a RRNL format that has
consistently performed well in other studies with a variety of
health-related variables.15,17–21 As expected, it was successful in our design sessions and thus we made only modest
design improvements over the course of the sessions. Speciﬁcally, we deliberately introduced redundancies to the
design because we realized that giving a viewer multiple
meaning cues (e.g., text and color and illustrations) gives the
viewer conﬁdence that they have arrived at the correct
conclusion about the data and also supports the needs of
viewers with color blindness. Therefore, we added illustrations to anchor the endpoints of the number line and
included interpretive statements (e.g., “Your asthma is not
in control”). We also converted from a landscape page to a
pamphlet format and created a version which includes the
display of a previous score for comparison. For the latter, if

the most recent score was controlled, we changed the
interpretive statement to read “Great job – your asthma is
in control!” If not, we included a second interpretive statement based on whether there was a clinically meaningful
difference between the two scores: “It is about the same as at
your last visit” for changes less than 0.5 units, “You made
good progress!” for score reductions of 0.5 units or more, or
“It has gotten worse since your last visit” for score increases
of 0.5 units or more.
Unlike the ACQ prototype, the initial PFT prototype
designs were wholly unsuccessful and thus underwent substantial changes to imagery, information hierarchy, and
layout. Most importantly, we shifted our approach from
that of an information display (i.e., presenting information
with sufﬁcient contextual cues to support interpretation) to
a visual explanation52 which leads the viewer through the
information in a systematic, narrative fashion, scaffolding
the necessary concepts to make them more accessible. We
used images of soda bottles to help convert a metric that is
not intuitive for many Americans (liters) into familiar terms.
This approach proved to be very useful to the participants
generally but was especially memorable for one Session 4
participant in particular:
Participant: “Your image of the two-liter bottles, if I wake
up in the morning from now on and I’m having problems
breathing before I take my medicine—I’m going to think
about the bottle.”
Interviewer: “You are?”
Participant: “Yeah, that’s going to pop in my head from
now on. So, the image is going to be with me forever now.”
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►Fig. 2, but the superior imagery, information hierarchy, and layout promote the acceptability and comprehensibility of the infographic. CC BY 4.0 Adriana Arcia & Nicole Spiegel-Gotsch for
Columbia Nursing, https://doi.org/10.7916/d8-w8hz-w605, p. 4.

Fig. 4 Front cover (L) and inside (R) of ﬁnal pamphlet design to show pulmonary function test (PFT) results. The amount and complexity of information is comparable to the initial prototype shown in
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Table 1 Scoring rubric for Phase II individual comprehension assessment interviews
Asthma Control Questionnaire pamphlet

Correct response

Correct

Incorrect

Is your asthma controlled or not?



&

&



Yes
No

What is your asthma control score?

____.__

&

&

Lung function test pamphlet

Correct response

Correct

Incorrect

Is your asthma mild, moderate, or severe?



Mild
Moderate
 Severe

&

&

___.__ L

&

&

How much air is expected for patients like you?

___.__ L

&

&

What percentage of your lung function do you have?

______%

&

&

How much air did you blow out in 1 second?

Scoring Criteria (select one)
 Less than minimum comprehension: one or both gist (bolded) items is incorrect; 0 to 4 verbatim (nonbolded) items is correct
 Minimum comprehension: both gist (bolded) items are correct but no verbatim (non-bolded) items are correct
 More than minimum comprehension: both gist (bolded) items are correct and one or more verbatim (nonbolded) items is
correct.
 Complete comprehension: all items are correct.

For both infographics, the stoplight colors helped to
convey value judgments and the imagery reﬂected the
subjective experience of asthma. The images of the belted
lungs in the PFT infographic were particularly well-liked for
their ability to convey asthma severity. Reactions to them in
Session 5 were very favorable:
Interviewer: So, what about the image of the lungs? Does
that …?
Participant 1: That's all it.
Participant 2: That comes across perfect.
Participant 3: That makes it crystal-clear.
Participant 4: All us asthmatics know how this feels.
Participant 1: You couldn't have put this better.
We also added three bulleted lines labeled “Plan for you”
to the back cover (not shown) as a space for the clinician to ﬁll
in care plan action points. This feature was included in
response to participants’ assertion that understanding their
asthma control status was not enough; they wanted to know
what they should do about it.
Participants liked the idea of having a printed copy of their
infographic to take home because they could easily share the
information with loved ones:
Participant 1: They can understand it. [For] a person that
doesn’t have asthma and don’t [sic] know what you go
through, this is like, awesome. Two belts?!
Some mentioned the value of being able to easily make
sense of the information at a later date:

Participant 3: That works even three months down the
road, when you've got papers all over the place and you're
just looking. Half the time, if you've just got all those
discharge papers with a lot of mumbo-jumbo stuff on it,
nine times out of ten, it's going to get chucked before you
even realize what you did. That you'll keep.

Phase II, Individual Comprehension Assessment
Interviews
We conducted comprehension assessment interviews in
English with 10 adults (2 Hispanic, 7 non-Hispanic black, 1
refused). Mean age was 42.2 years (range 25–59), 7 were
female, 4 had a high school diploma or less, and 6 had
uncontrolled asthma (see ►Table 2). According to NVS
scores, 6 participants had adequate health literacy; the
remaining 4 were classiﬁed has having a possibility of
limited literacy.
All 10 participants demonstrated complete gist and
verbatim comprehension for both infographics; there were
no disagreements between raters. In a few cases, participants’
results were better or worse than what they had said they
expected them to be, but unexpectedness seemed not to have
hindered comprehension given the complete comprehension.

Participant Reactions to Their Tailored Infographics
Participants reacted very favorably to receiving their information via infographics and expressed intentions to engage in
self-management behaviors such as medication adherence,
avoiding triggers, smoking cessation, stress reduction, weight
loss, and reviewing their care plan with their clinician:
“I need to take my medicine more.” (Interviewee #9)

“Well, I’m going to continue to watch my weight. I’m going
to take – I’m going to continue to try to stop smoking, the
Applied Clinical Informatics
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Table 2 Participant characteristics
Phase I participatory design
sessions

Phase II comprehension
interviews

n

(%)

n

(%)

Male

6

(29)

3

(30)

Female

15

(71)

7

(70)

English

18

(86)

10

(100)

Spanish

3

(14)

0

(0)

Gender

Language

Location
New York City

11

(52)

3

(30)

Philadelphia

10

(48)

7

(70)

Hispanic

8

(38)

2

(20)

Non-Hispanic black

13

(62)

7

(70)

Refused

0

(0)

1

(10)

Race/Ethnicity

Education
Some high school

5

(24)

1

(10)

High school diploma

8

(38)

3

(30)

Some college

7

(33)

2

(20)

Associate’s

0

(0)

1

(10)

Bachelor’s

1

(5)

2

(20)

Education missing

0

(0)

1

(10)

Medicaid

10

(48)

10

(100)

Military/VA

2

(10)

0

(0)

Commercial

5

(24)

0

(0)

Missing

4

(19)

0

(0)

Controlled

4

(19)

4

(40)

Uncontrolled

17

(81)

6

(60)

Mild asthma

–

–

4

(40)

Moderate asthma

–

–

6

(60)

Severe asthma

–

–

0

(0)

High likelihood of limited literacy

6

(29)

0

(0)

Possibility of limited literacy

9

(43)

4

(40)

Adequate literacy

6

(29)

6

(60)

Range

Mean

Health Insurance

Asthma control

Pulmonary function test results

Health literacy

Mean
Mean income per person in household per year

9,789

Mean age

50.2a

Abbreviation: VA, Veterans Affairs.
a
n ¼ 20.
b
n ¼ 8.
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2,460–18,000

9,240

31–73

42.2

Range
b

0–33,996
25–59
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Given the option of being given their information verbally,
via text, or with an infographic, all wanted the infographic
every time they had an ACQ score or PFT result, with a few
indicating they would also want the information verbally:
“But you know like in – like these pictures and stuff. Like,
that speaks a lot more for a lot of people.” (Interviewee #10)
Interview participants had no further suggestions to
improve the infographic designs.

Discussion
Visualization Innovations
This study provides preliminary evidence that tailored infographics can support comprehension of asthma control
status and promote self-management intentions among
adults with persistent asthma. This is an important contribution because although there are a variety of asthmarelated information visualizations documented in the literature, none provided sufﬁcient guidance for displaying asthma control scores or PFT results. As predicted by the Health
Belief Model,14 participants regarded the infographics as
cues to taking preventive health actions such as improved
medication adherence and smoking cessation.
Based on prior research, we felt conﬁdent that the RRNL
format could be adapted successfully to display ACQ scores. In
this study, we make a modest contribution by showing how
redundancies in text, color, and imagery can be used to
underscore meaning and how two data points can be effectively displayed on one number line. A simple algorithm is all
that is needed to generate interpretive statements that accurately characterize the recent trend in a patient’s ACQ score.
Interpretive statements celebrating a clinically meaningful
improvement despite a lack of asthma control may help keep
patients with asthma from becoming discouraged by their
results.53 This enhanced RRNL format can easily be adapted
to display other measures of asthma control such as the ACT45
and the Asthma Therapy Assessment Questionnaire.54
Our design for a tailored PFT infographic represents a
substantial innovation because it has a very high level of
information complexity compared with tailored patientfacing visualizations currently documented in the literature.19–22 Success required demystifying unfamiliar terminology, clarifying that reference criteria varied according to
personal characteristics, and explaining the subtle distinctions between three different results (FEV1, FEV1 predicted,
and FEV1% predicted) on two different metrics (liters and
percentages). Our use of the soda bottle imagery capitalized
on the only liter referent likely to be familiar to most
Americans. Showing bottles for both the amount the patient
blew out and for the expected amount allowed us to visually
represent the part-to-whole relationship of unobstructed to
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total lung volume. The images of the belted lungs, inspired by
the Dalhousie Dyspnea Scale,40 were compelling because
they accurately reﬂected participants’ subjective experience
of asthma exacerbation.

Patients’ Information Needs
Our ﬁndings highlight some needs that patients have with
respect to acquiring and sharing/storing information. Our
participants made it clear that awareness of their asthma
control status was only useful when accompanied by information about appropriate self-management actions to
achieve or maintain asthma control (i.e., “Plan for You”).
This ﬁnding is similar to prior studies of patients’ responses
to receiving test results via portal,55 and is consistent with
the ethos behind the use of Infobuttons for linking out to
additional information about a given topic.56 It is also in line
with current best practices for sharing clinical data with
patients.53,57 Participants also reminded us of the importance of easily sharing their health information with loved
ones. In this use case, participants appreciated having a
printed infographic to show to a family member or friend
or to save for future reference. In other instances, however,
digital tools, such as health apps and patient portals, will be
the preferable media and thus must help patients strike a
balance between data security and easy sharing.

Informatics Requirements for Implementation
Infographics can be programmed into electronic health
records and/or standalone applications to allow for instant
tailoring at the point of care. Ideally, ACQ scores and PFT results
are captured, stored, and extracted electronically. However,
manual entry also may be used to input the data necessary for
tailoring the infographics. Clinicians can use pick lists, dropdown menus, or free-text entry to customize interpretive
statements and the care plan summary. Alternatively, care
plan action items can be handwritten on the back of the
already-tailored and printed infographic pamphlet as part of
a shared decision-making conversation with the patient. The
ACQ design is ﬂexible in that blank versions can be preprinted
on tear sheets and hand-tailored in pen or laminated and
marked up with a dry erase marker. These types of adaptations
are useful for low-resource settings where computerized
tailoring and/or color printing are not readily available. The
complexity of the PFT infographic, however, requires automated tailoring using a system that can covert patient data into a
completed infographic.31 Patients who are comfortable using
portals and apps may prefer to receive their tailored infographics digitally through those means. Tools such as the
Substitutable Medical Applications and Reusable Technologies
(SMART) and the Fast Health Interoperability Resource (FHIR)
Health Level Seven standard make it possible to create applications that interface with electronic health records.58

Limitations
Various limitations were evident in this study. We had few
Spanish speakers in Phase I and were unsuccessful recruiting
any for Phase II; additional work may be needed to ensure the
acceptability of the translated text. Also, our participants in
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patch is too strong for me, I’ve tried that in the past. The
gum is horrible, it really tastes bad, so I got to have to just
stop on my own. So, I’m going to just put my best foot
forward and try to stop.” (Interviewee #10)
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Phase II had slightly higher literacy and education than those
in Phase I, which could have inﬂuenced the favorability of our
results. Asking participants what they expected their results
to be may have primed them in a way that improved the
likelihood of correct response. We were willing to accept this
limitation because we felt it important to explore whether
the unexpectedness of a result might forestall comprehension, as has been documented in other studies.49 Our homogenous results and small sample size (due to funding
constraints) prevented a thorough exploration of this topic;
larger studies are needed and therefore we have characterized our results as preliminary.
Social desirability bias can affect design studies, particularly
if there is a perceived power differential between the study
team and the participants.59 We believe that the ﬁndings most
vulnerable to this bias are those related to behavioral intentions and we acknowledge this limitation. A future study is
warranted measuring actual performance of the desired
behaviors. We think it unlikely that social desirability had a
substantial impact on the design process, however, largely
because participants appeared uninhibited in their expressions of distaste for designs they did not like, both verbally (e.g.,
“I don’t like the image,” “very confusing”) and in their body
language (e.g., grimacing, pushing the paper away).

Future Work
The infographics we have designed are intended to meet the
speciﬁc needs of low-literacy audiences. However, all humans
have limited working memory for acquiring new information,
irrespective of literacy level.13 Therefore, materials that introduce new information in a way that minimizes cognitive load
should theoretically ease learning for everyone. We expect that
our designs will be appealing to and comprehended by a broad
range of patients but veriﬁcation is needed with further
empirical testing. In addition to testing in other populations,
next steps include research on the effect of tailored asthma
infographics on medication adherence and asthma control. If
infographics are found to be efﬁcacious, implementation
toolkits could be promoted through professional organizations
such as the Patient and Family Education Committee of the
American Thoracic Society or the American Lung Association.

Conclusion
Tailored infographics are a promising approach to making
asthma control status easily comprehensible for adults with
persistent asthma. Integration with electronic health records
will enable instant tailoring at the point of care so that
clinicians have easy access to a communication tool that
can support a conversation about medication adherence and
other asthma self-management behaviors.

Clinical Relevance Statement
Low health literacy is a barrier to comprehension of asthma
control status and may hinder engagement in self-management behaviors. This study highlights how tailored infographics can be used to support comprehension of asthma
Applied Clinical Informatics
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control and motivate intentions to engage in self-management behaviors. Informatics-based tools will be necessary to
automate tailoring of infographics in service of improved
patient–provider communication.

Multiple Choice Questions
1. How did the authors assess comprehension of tailored
asthma control infographics among adults with persistent
asthma?
a. By saying, “write down what you think it means.”
b. By saying, “tell me what you think it means and I’ll
write it down.”
c. By asking, “what is your reaction to seeing this
information?”
d. By collecting responses to a survey using 5-point Likert
response options.
Correct Answer: The correct answer is option b, by
saying, “tell me what you think it means and I’ll write it
down.” The authors used a modiﬁed International Organization Standardization (ISO) 9186 method to assess
comprehension by saying, “tell me what you think it
means and I’ll write it down,” as opposed to the original
comprehension testing method, which is to direct participants to “write down what you think it means.” Verbal
assessment is less burdensome than written assessment
for low-literacy respondents and encourages the length
and granularity of response necessary to assess comprehension of multiple pieces of information.
2. What did participants in the study express after exposure
to infographics tailored with data about their own level of
asthma control?
a. Intention to attend fewer scheduled clinician visits.
b. Desire to receive this information through a mobile
application.
c. Intention to engage in self-management behaviors.
d. Increased confusion about their asthma control status.
Correct Answer: The correct answer is: option c, intention to engage in self-management behaviors. In this
study, participants reacted favorably to receiving the
information displayed in infographics and in a pamphlet
form. Participants also expressed intentions to engage in
self-management behaviors such as medication adherence, smoking cessation, weight loss, and review of their
care plan with their clinician.
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