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Abstract
Background: Poor patient-clinician communication around patient-reported out-
comes (PROs) is a barrier to the effective management of rheumatoid arthritis (RA). 
We aimed to develop an RA ‘dashboard’ that could facilitate conversations about 
PROs and that would be acceptable to a wide range of patients, including English and 
Spanish speakers and patients with adequate or limited health literacy.
Methods: A diverse group of RA patients along with clinicians from two academic 
rheumatology clinics joined separate focus groups. We solicited feedback and made 
iterative changes to mock-ups of an RA dashboard that visualized PROs using a human-
centred design process. We used the thematic analysis method to identify and charac-
terize themes from the focus groups and used these insights to refine the dashboard.
Results: We conducted six focus groups involving 25 RA patients and three groups with 
11 clinicians. Patients and clinicians agreed that the dashboard could enhance com-
munication about PROs and RA disease activity and could promote patient self-man-
agement. Patients varied in their (a) comprehension, (b) preferences for the display and 
features of the dashboard, and (c) desired uses for the dashboard. Clinicians expressed 
significant concerns about the logistics of using the dashboard in clinical practice.
Conclusion: Using principles of human-centred design, we created an RA dashboard 
that was well-accepted among patients and clinicians. The ability to customize the data 
display is important for tailoring the dashboard to patients with diverse needs and pref-
erences. Special attention should be given to feasibility concerns voiced by clinicians.
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1  | INTRODUC TION

The effective use of patient-reported outcomes (PROs) data is an-
ticipated to play a critical role in improving health-care delivery, pa-
tient experiences with care, and outcomes. In rheumatoid arthritis 
(RA), a complex chronic condition characterized by joint pain and 
inflammation, validated PROs have been used over the past several 
decades to assess levels of RA disease activity and functional sta-
tus. Routine assessment of PROs is now recommended by American 
College of Rheumatology (ACR) guidelines, and quality measures to 
encourage the regular collection of RA PROs have been endorsed 
by the National Quality Forum.1 Treatment algorithms for RA rely 
on PROs to guide clinical decisions around use of disease-modifying 
drugs (DMARDs).2 RA is thus an important example of how an ap-
plication to visualize PROs could be used during face-to-face visits 
to influence care, providing key data for clinical decision making, 
quality measurement, practice improvement, and research.

In recent years, scientists and clinicians have become more in-
terested in developing patient-facing dashboards for many chronic 
conditions, some of which have shown great promise in empowering 
patients and facilitating self-management. In diabetes, for example, 
some mobile applications have demonstrated clinical improvement 
in glucose control.3 PRO-specific dashboards have also been devel-
oped to track outcomes relating to prostate cancer, multiple sclero-
sis, various surgical procedures, among others.4-8 In their pilot study, 
Hartzler et al found the use of a PRO dashboard created meaning-
ful discussions on quality-of-life issues between prostate cancer 
patients and their clinicians during follow-up visits. Six RA-specific 
dashboards have been developed previously, such as Rheum-PACER 
from Geisinger Health System, the Swedish Rheumatology Quality 
Register, and Rheum4U from the University of Calgary.3,9-11 These 
platforms aggregated disease activity measures and PROs, but were 
designed to support clinician decision-making, rather than focus on 
enhancing a patient's understanding of their own disease.12

Building on preliminary work by our group to design a first proto-
type,13 the objective of this study was to develop an RA ‘dashboard’ 
that could facilitate conversations about PROs between patients 
and clinicians. One key requirement was that the dashboard be ac-
ceptable to a wide range of patients, including English and Spanish 
speakers and patients with adequate or limited health literacy. To 
this end, we performed focus groups with a diverse group of pa-
tients and clinicians, eliciting information to help us tailor this digital 
tool to address the needs and preferences of patients as well as the 
health-care team.

2  | MATERIAL AND METHODS

2.1 | Dashboard prototype development

We tested various dashboard prototypes during patient and clini-
cian focus groups to arrive at an optimal dashboard design. We used 
the principles of human-centred design, which aims to integrate 

the needs of people, the possibilities of technology, and the re-
quirements for success, and is used widely in the development of 
health-IT tools.14,15 We utilized a modified version of A/B testing 
(ie, comparing two versions of the dashboard with only one major 
difference side by side) with patients where they provided verbal 
feedback on prototypes ranging from rough sketches on paper to 
interactive mock-ups on a tablet computer.

The first prototype was previously developed by our investi-
gative team using principles of human-centred design.13 In brief, 
we conducted patient and clinician semi-structured interviews, 
small focus groups of English speakers, and heuristic evaluations 
in rheumatology clinics to generate the first prototype (Figure  1, 
Prototype A). The first prototype included visualizations of three 
PROs: (a) a measure of RA disease activity; we chose to display a 
validated instrument to measure RA disease activity that is used 
routinely in our clinic, the Clinical Disease Activity Index (CDAI). 
The CDAI is a composite score that includes a tender joint count, 
swollen joint count, patient global assessment score, and physician 
global assessment score that has been endorsed by the American 
College of Rheumatology,16 (b) a measure of functional status; 
we chose to display a validated instrument to measure functional 
status that is used routinely in our clinic, the Patient-Reported 
Outcomes Measurement Information System (PROMIS)-physical 
function scale. The PROMIS-PF is a patient-reported measure 
that includes questions about activities of daily living and level of 
physical activity and has been endorsed by the American College 
of Rheumatology.17), and (c) a pain score that is collected during 
routine clinical care on all patients. These were each displayed in 
series on a graph with level or score for the PRO on the y-axis and 
time on the x-axis. The five most-current time points were visible to 
begin with, and scroll buttons allow users to see historical scores. 
Relevant medications used specifically for treating RA were also 
shown as solid bars (representing time spent receiving the drug) 
underneath the PRO measures. Key laboratory results, including 
a measure of inflammation (CRP), liver function (ALT), and kidney 
function (Creatinine) in relation to normal ranges, were also dis-
played. Prototype A was translated into Spanish by a native speaker 
on the research team (GS).

The second set of prototypes (Prototype B, see Figure  2A,B) 
were developed in response to the early patient focus groups (groups 
1, 2, 3), and refined and tested for acceptability in the later focus 
groups (groups 4, 5, 6). In general, the second prototypes were partly 
customizable by making each section of the dashboard expandible/
collapsible so that each PRO (or laboratory) could be displayed one 
at a time, based on a patient's preferences. Additional key changes 
from the first prototype included (a) adding a homunculus (a cartoon 
humanoid creature with red dots in the extremities representing 
areas of joint inflammation) to correspond to swollen joints counts, 
with historical data available by scrolling to the left; (b) changing the 
orientation of the disease activity visualization so that ‘better’ was 
in the ‘up’ direction; (c) removing references to ‘ideal ranges’; and (d) 
adding ‘pop-up’ explanatory text to provide more details on a PRO 
or test result.
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2.2 | Focus group participants

Human-centred design prioritizes the iterative and in-depth en-
gagement with potential users of the product under design in 
order to ensure that the product is sensitive to the user popu-
lation's hopes, needs, capacities and preferences.18 Focus groups 
are an effective and commonly used method that allows designers 
to obtain this information. Guided by principles of human-centred 
design, we conducted a series of six focus groups with patients 
and three focus groups with clinicians. Patients were eligible for 
the study if they had a diagnosis of RA, were ≥18 years old, were 
primarily English- or Spanish-speaking and received care in rheu-
matology clinics at either a university hospital (tertiary academic 
referral centre) or in a county hospital based in California. Patient 
focus group participants were recruited via purposeful sampling 
by telephoning RA patients from these different clinics with pre-
viously documented adequate or limited health literacy. Modest 
compensation was provided for patient participation. For the clini-
cian focus groups, eligible clinicians included fellow trainees, fac-
ulty rheumatologists and other members of the health-care team 

(eg, nurse practitioners or medical assistants) who practiced at 
these sites.

Patient characteristics, such as their age, sex, race/ethnicity and 
language preferences, were obtained from the electronic health re-
cord (EHR). Patient's health literacy was assessed based on the Short 
Test of Functional Health Literacy in Adults (S-TOFHLA), a validated 
measure of health literacy.19 Patients scored ‘marginal’ or ‘inade-
quate’ were deemed to have limited health literacy.

2.3 | Focus groups

Patient focus groups were formed based on patient language 
preference (English and Spanish) and health literacy level. We 
conducted separate groups based on health literacy because we 
hypothesized that adequate vs limited health literacy patients might 
have distinct preferences for dashboard content and presentation. 
Clinician focus groups included rheumatology clinical trainees and 
faculty rheumatologists and a nurse practitioner. Focus groups 
lasted 60-90  minutes and were held in a conference room near 

F I G U R E  1   Prototype A mock-up of 
RA dashboard. Sections include ‘My RA 
symptoms’, representing the CDAI disease 
activity score, ‘How well can I function’ 
showing PROMIS physical function scores, 
and ‘My pain’. Medication and laboratory 
information are also displayed
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F I G U R E  2   Prototype B mock-up of 
RA dashboard, showing collapsed (A) 
and expanded (B) views. Sections include 
‘My RA symptoms’, representing the 
CDAI disease activity score along with 
homunculus with red circles representing 
areas of disease activity, ‘How well can 
I function’ showing PROMIS physical 
function scores, and ‘My pain’. Medication 
and laboratory information are also 
included, but collapsible in case less 
detail is desired. Key changes from 
earlier prototype include flipping the 
direction of ‘good’ for the disease activity 
score; removing reference to ‘CDAI’ and 
‘PROMIS’; the addition of the homunculus; 
making all sections collapsible; and 
changing ‘ideal’ to ‘goal’ and ‘better’

(A)

(B)
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each of the rheumatology clinics. Focus groups were facilitated by 
native speakers in each language who had qualitative research and 
facilitation expertise (SBG, CK). The primary facilitator, designer 
and research assistant attended all focus groups to ensure consist-
ency of focus group conduct and note-taking across groups (SBG, 
DR and JL).

At the beginning of each focus group, participants were assured 
that their responses would be aggregated for presentation and that 
standard steps would be taken to ensure confidentiality of the data. 
Verbal consent was obtained. Facilitators encouraged all individuals 
to participate; invited participants to voice diverse experiences and 
ideas rather than seek to find consensus in the group; and explicitly 
solicited participants’ concerns about the dashboard and its use in 
clinic settings. The study team provided paper- as well as iPad- and 
laptop-based prototypes. Participants were encouraged to write and 
draw on the paper versions. All focus groups were audio recorded. 
Research staff collected annotated copies of the prototype at the 
end of each focus group. After each focus group, the study team 
shared notes and discussed emergent themes.

All focus group guides were developed in English by an expert in 
qualitative research (SBG) and authors who had participated in qualita-
tive research activities with RA patients during an earlier phase of the 
study13: though patients were not directly involved in guide develop-
ment, the patient guides were informed by preliminary data the team 
had collected from patients in prior semi-structured interviews and 
focus groups. Native speakers on the research team then translated 
(GS) and back-translated (CK) the guide for the Spanish focus groups. 
Consistent with human-centred design principles, focus group guides 
were designed to encourage patients to think concretely about their 
individual experiences (past, present and future) when evaluating the 
dashboard rather than discussing the dashboards abstractly or for a 
‘typical user’. Patients first discussed their experiences in the RA clinic, 
focusing on their expectations and needs during appointments. The 
RA dashboard was then introduced, and patients described their un-
derstanding of the dashboard and shared feedback on whether the 
dashboard adequately represented factors important to them and 
their disease. Patients were asked to discuss how the dashboard might 
be used for managing their disease, and how it might change their fu-
ture appointments or self-care. They were also given an opportunity to 
share thoughts on different formats of the dashboard.

Cognizant that some participants might feel pressure to agree 
with group sentiment or to embrace the dashboard prototype in 
front of its designers, we sought to capture patients’ private views 
as well. We developed an anonymous, 2-item survey administered at 
the end of the focus groups, that asked patients to indicate whether 
they would like to use a dashboard themselves at their next visit and 
what dashboard format they would prefer (eg, in-clinic computer 
screen; home-based computer screen; mobile device; paper). The 
survey required less than a minute to complete. Results were de-
scriptively tabulated and summarized in the text below.

The focus group guide for clinicians was similar in format to 
the patient guide and focused on how the dashboard could en-
hance communication with patients. Guide designers solicited the 

feedback of clinicians on the research team in order to assess and 
improve the relevance, clarity and appropriateness of the guide 
questions. Clinician focus groups began by discussing clinician goals 
and challenges for RA face-to-face visits, followed by the introduc-
tion of the dashboards. Clinicians gave feedback on the dashboard, 
commented on potential application in their practice, and suggested 
improvements.

2.4 | Focus group analysis

All audio recordings were professionally transcribed and, for 
the Spanish focus groups, translated. An author with expertise 
in qualitative methods (SBG) conducted iterative inductive and 
deductive thematic analysis20,21 during and after data collection 
to identify themes relevant to patient or clinician perspectives 
on the dashboard and its use. Deductively, for example, we in-
vestigated expressions of interest in and understanding of the 
dashboards in each group, as these were phenomena the team 
had a priori sought to study. Inductively, we explored what fac-
tors participants cited when describing why they would or would 
not be interested in using the dashboard. We used analytic 
memo-ing to document preliminary themes within and across 
focus groups; to explore relationships between themes (eg, inter-
est and understanding); and to integrate the interpretations of 
other team members who observed and took notes on the focus 
groups. Other members of the team (LHL, JL, GS) reviewed the 
data and preliminary analyses and collectively evaluated, refined 
and affirmed the proposed themes. Members of the team who 
attended the focus groups (SBG, JL, DR, CK) reviewed the data 
and preliminary analyses and collectively refined and affirmed 
these themes.20,21 This study was approved by our institution's 
Institutional Review Board. The data that support the findings of 
this study are available from the corresponding author upon rea-
sonable request.

3  | RESULTS

3.1 | Patient focus groups

Six-patient focus groups were conducted, four in English and two in 
Spanish, involving a total of 25 RA patients. Characteristics for the 
patients are shown in Table 1. Eighty percentage of patients were 
female; average age was 59.9. There were 15 English-speaking and 
10 Spanish-speaking patients. Sixteen patients had adequate health 
literacy and nine patients had limited health literacy (three groups 
were majority adequate health literacy; three groups were majority 
limited health literacy). For nearly all groups, patient attendance rep-
resented approximately 50% of the patients recruited for the event.

We identified four main themes across focus groups: (a) accept-
ability and interest in the dashboard, (b) comprehension of the data 
displayed in the dashboard, (c) preferences for dashboard display 
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and features, and (d) suggestions for potential uses. Illustrative 
quotes are presented in Table 2.

3.1.1 | High levels of acceptability and interest in 
dashboard use

Rheumatoid arthritis patients in the focus groups were generally 
positive about the dashboard and desired to use it for RA manage-
ment. Patients described it as ‘helpful’, ‘useful’ and ‘interesting’. 
Some patients saw it as a repackaging of information with which 
they were familiar; others felt it would give them novel information 
about themselves and their disease. Spanish-speaking and limited 
health literacy participants were more likely to consider this infor-
mation new or more accessible to them than what they were used 
to. This support and interest emerged across all patient focus groups 
(Table 2A).

In the anonymous summary survey, 21 of 24 patients expressed 
that they would like to see their own data represented in a dashboard 
at a future appointment. The remaining three patients responded 

‘maybe’. Most patients indicated that they would be interested in 
using a dashboard similar to one or both prototypes. Very few pa-
tients indicated that they would not use the dashboard unless it were 
substantially modified. Many patients, especially adequate health 
literacy patients but also some limited health literacy patients, ex-
pressed preference for the presentation of more detailed information.

3.1.2 | Variation in the 
comprehension of the dashboard

Many patients found the dashboard difficult to understand at first 
glance. This initial confusion was more common among limited 
health literacy patients but not exclusive to them. A few patients 
were able to understand the dashboard nearly immediately; oth-
ers after a couple minutes of study or talking through the con-
tent. Several patients, particularly in the limited health literacy and 
Spanish-language groups, did not notice or understand the longitu-
dinal nature of the data from left to right nor the temporal connec-
tion between the different graphic elements, particularly the timing 

TA B L E  1   Characteristics of focus group patient participants

FG # ID Age range (y) Gender Race/ethnicity Health literacy Primary language Clinic site

1 P1 60-70 F Hispanic Limited English County Hospital

1 P2 60-70 M Black Limited English County Hospital

1 P3 60-70 F Hispanic Limited English Academic Center

2 P4 60-70 F Black Adequate English Academic Center

2 P5 70-80 F White Adequate English Academic Center

2 P6 60-70 F Hispanic Adequate English County Hospital

2 P7 60-70 M Black Adequate English Academic Center

3 P8 60-70 F American Indian or 
Alaska Native

Limited English Academic Center

3 P9 60-70 F Black Limited English County Hospital

4 P10 40-50 M White Adequate English Academic Center

4 P11 70-80 M White Adequate English Academic Center

4 P12 30-40 F White Adequate English Academic Center

4 P13 60-70 F Hispanic Adequate English Academic Center

4 P14 60-70 F Asian Adequate English Academic Center

4 P15 60-70 M White Adequate English Academic Center

5 P16 60-70 F American Indian or 
Alaska Native

Limited Spanish County Hospital

5 P17 40-50 F Hispanic Limited Spanish County Hospital

6 P18 40-50 F Hispanic Limited Spanish County Hospital

6 P19 60-70 F Hispanic Limited Spanish County Hospital

6 P20 60-70 F Hispanic Adequate Spanish County Hospital

6 P21 60-70 F Hispanic Adequate Spanish County Hospital

6 P22 50-60 F Hispanic Adequate Spanish County Hospital

6 P23 40-50 F Hispanic Adequate Spanish County Hospital

6 P24 40-50 F Hispanic Adequate Spanish County Hospital

6 P25 60-70 F Hispanic Adequate Spanish County Hospital
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TA B L E  2   Quotes and thematic findings from adequate health literacy and limited health literacy patient focus groups conducted in 
English or Spanish

Themes Adequate health literacy group quotes Limited health literacy group quotes

A. High levels of 
acceptability and 
interest among 
patients

‘I was just diagnosed with this disease, but it would be really helpful to see my 
progress by receiving this kind of information’. (P23, FG6)

‘I think it would be positive because it shows you your progress, what works 
and what doesn't work in the long run’ (P7, FG2)

‘This is useful because a lot of times I go in and I don't remember how I was 
feeling six months ago… or a year ago, and how it is comparable to that. So it's 
kind of nice to see the tracking here’. (P11, FG4)

‘I'm for it…I would go with it just like it is…I'd 
like to see that every time I go see my 
doctor… I can be prepared- how to take 
care of my disease and how the doctor 
could better see how I'm doing with that 
information’. (P2, FG1)

‘Well, it'll show me that I'm doing what I'm 
supposed to be doing - taking my meds, 
exercising, doing the right things. You know? 
And I can see that I'm doing the right things 
by this chart here’. (P2, FG1)

B. Variation in the 
comprehensibility/
accessibility of 
the dashboard; 
improvements in 
understanding 
followed explanation

‘It took me a long time to understand it… I think, ‘What are all these numbers 
doing here?’ (P5, FG2)

‘I have no idea. I have no idea of what this really is’. (P22, FG6)
‘I just glaze over looking at numbers. It took me a very long time to figure out 

how to deal with this because I'm not a numbers person’ (P5, FG2)
‘You've got to come up with a tutorial. When people go visit their 

rheumatologist appointment, ask them do they have five minutes to watch 
something and to learn. That's how it's going to get over. But you can't just 
put it out like this’. (P4, FG2)

‘It feels like a really dumbed-down child version, like this is the version for the 
children that adults are taking care of’. (P10, FG4)

‘At the beginning it was a little confusing, but later we were talking and it 
cleared up our confusion, because now I understand this chart’. (P6, FG2)

‘The truth is I don't understand that one well 
because they didn't draw the [homunculus]… 
If the five fingers are hurting, they draw 
circles’ (P17, FG5)

‘This really isn't pleasing to my eye to look 
at, really… But I don't know what to expect 
when I'm looking at something like this 
about me. Because I do fill out these forms 
every time I go to the doctor. I do have 
blood work two or three times a year… And 
they do have a thing about my meds.’ (P8, 
FG3)

‘It's not unappealing. It's very childish, 
actually’. (P9, FG3)

C. Diverse preferences 
on dashboard display 
design and features

‘They should scale the circles [on the homunculus] based on how bad it is’ (P12, 
FG4)

‘It would be better to have numbers, because we can measure the amount’. 
(P20, FG6)

‘I think it's confusing that good [CDAI] is on the bottom and the [bad] CDAI 
score on the top….The axis [should be] scaled better. I get the [PROMIS score] 
because that's a percentage, but that should be stated’. (P12, FG4)

‘The ideal range for me isn't nowhere near the ideal range for the general 
population. So, I think that it needs to be personalized because a person that 
has as much as I do don't ever get normal…Everything is not a general thing’ 
(P4, FG2)

‘“My meds” is a waste of space. We all know what medications we're taking. 
We could put other more useful information, like labs over time’. (P12, FG4)

‘I want all of the information. I want access to all of my labs over time. I want 
access to my doctor's notes, which I currently have no way to get access 
to in any way. I want access to the notes that they send each other, which I 
also have no way of getting access to over time. I mean, this is like comics, 
right? For somebody who's an active enough patient managing care, like 
who is active enough in managing their own care, this is almost, yeah, like a 
caricature’ (P12, FG4)

‘The best thing would be if we could customize it….I want to see CRP, sed 
rate… because that's what I care about. (P12, FG4)

‘You can correlate the meds your taking during the times you're having trouble 
and no trouble, which I guess would be significant’. (P15, FG4)

‘So if they had all of these things plus all the other things we mentioned like 
fatigue and breaking out these components and stress…then we could line 
up the blood levels on the same axis and then show instead of them like this 
maybe we did like an arrow, like here's where you started prednisone, and 
here's where you got your cortisone shot in your knee. And then we could 
- and obviously you can't display all those things at once so you could let us 
pick what we're going to [see] at any moment. (P12, FG4)

‘I would draw it with a person there and 
I would draw marks for the pain and its 
intensity, bigger or smaller, with different 
colors to differentiate it. Inflammation is red 
and pain is blue, for example…’ (P16, FG5)

‘The meds - what are they there for? We 
know what kind of meds we take. We don't 
need [this]’. (P9, FG3)

‘Meds are important. Especially if [you're like] 
me, I go back five year meds. Okay? Because 
what did I take three years ago that I did, 
that I didn't - that I took five years ago, and 
it didn't work. I want to know that time lapse 
of what was then and what I can't take now’. 
(P8, FG3)

‘I like to know what my kidney is and what my 
liver is. That's important if you have RA. And 
for the CRP, I can feel it’. (P9, FG3)

‘The labs don't mean nothing to me… [My 
doctor] tells me the main things, and that's 
it. I don't care after that point’. (P8, FG2)

‘My pain level - it's like neutral… Because… 
mine's never been so high or so low that it 
hasn't been managed. So I wouldn't even 
count that one. But that's me’. (P8, FG2)

‘What I would like to know… is [what] the 
doctor's comments are written down (P9, 
FG3)

‘It would be very nice to see doctor's notes 
and your allergies’. (P9, FG3)

(Continues)
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of the medications tracking with the timing of the symptoms. At 
least one limited health literacy patient found the design ‘not pleas-
ing’. A few patients misinterpreted the line drawn between two data 
points to mean information from between the visits. Some patients 
did not understand the dashboard at all until focus group leaders or 
other patients explained the sections. One adequate health literacy 
patient explained, ‘I’m not a numbers person’. Once patients under-
stood the organization of the dashboard, however, they were able to 
engage with the information and viewed the dashboard more posi-
tively. Others communicated support for the concept of the dash-
board, even before they achieved comprehension. Another patient 
with adequate health literacy suggested developing a clinic-based 

video tutorial for the dashboard, which other patients in the focus 
group supported (Table 2B).

3.1.3 | Diverse views on dashboard 
display and features

Patients were divided in terms of preferred dashboard style, with 
some patients preferring Prototype A (which was more numerical 
and displayed a large amount of detailed information) and some 
preferring Prototype B (which had a simpler design with more 
graphics; see Table 2C). A few patients (both adequate and limited 

Themes Adequate health literacy group quotes Limited health literacy group quotes

D. Interest in 
enhancing the 
dashboard to support 
more resources/
capabilities

‘[It would be helpful] if it shows when things are not in your range and it's 
starting to be where it's dangerous or you should see a doctor, that it pop up 
on your screen or you get a telephone call or something’ (P4, FG2)

‘I have a problem with my health that is not addressed in any of this, but I don't 
know that it could be… The symptoms that I have with RA is flares that take 
the form of fatigue where I get exhausted and need to take naps… This is not 
reflected anywhere I think in this … and I would kind of want to track that’ 
(P5, FG2)

‘For me fatigue is a big one, which they actually do not ask about on their little 
form, but would be a key variable for me to track how I'm doing… It doesn't 
always go with joint pain, either’. (P12, FG4)

‘I [want] something that tracks stress levels because… sometimes my stress will 
go up to mask when I'm flaring or joint pain with everything’. (P10, FG4)

‘I think doctors, nowadays, they don't have 
enough time when we go there to pay 
attention about the food… you have this 
study on your own, I would do that. And I do 
something. And I discuss by myself. It says, 
okay, and say, "I may notice it, doctor. And 
in three months I didn't see you, I've been 
eating this and this and this and this."’ (P1, 
FG1)

‘I'm thinking about the journals. And I think 
about food. Fruits - what kind of fruit, what 
kind of meat, the time that I eat. And I feel 
like that is the only one time we will see 
what is going on’ (P1, FG1)

‘[We would like to] know when the disease 
becomes more severe and why, if it's 
because of the food we eat or because 
we don't work out, if it's because of the 
concerns, if that also causes more pain and 
inflammation. We would like to know that: 
stress, depression, not working out… All 
those things we all have, how they affect the 
disease over time’ (P16, FG5)

E. Diverse potential 
uses

‘I would share it with my son because he's the one who knows. I only have 
a son and he's the one who always knows about everything. I show him 
everything…Because he wants to know everything’. (P21, FG6)

‘it's an option for us to be able to receive it and share it with our family, not for 
us to pretend we're sicker but for them to know what we suffer from’. (P25, 
FG6)

‘I noticed a lot of times when I go to the doctor, when one of my specialists, 
my spinal doctors or something, wants to do some type of procedure or 
whatever, he'll say no because my arthritis is too active. So, this would help 
a lot. I think it would help you as well as your other physicians as far as to be 
able to check the activity of your arthritis’. (P4, FG2)

‘This would be useful for me to take the information to discuss with my PCP 
or other doctors because the computer systems in each hospital sometimes 
not linked. So my PCP sometime doesn't get the information from my 
rheumatologist. So I don't know whether that can be done internally but if I 
have this information… I can at least print out a hard copy… and [bring it to my 
clinicians] that's not in this hospital’. (P14, FG4)

‘if you're able to access it from home, that you don't have to go to the doctor to 
find out that your stuff is acting up’. (P4, FG2)

‘In the clinic, it gives you something to discuss with your doctor or give you 
information that you're not sure, because I used to didn't know, "What does 
that mean that it's active? I know I've got it, but what do you mean? Is it doing 
something else?"’ (P4, FG2)

‘I think this system should be online integrated with MyChart’. (P14, FG4)

‘I would be happy because I would check from 
home if the doctor has anything to write 
about me and I wouldn't have to ask him. 
Because sometimes when they do my labs, 
I have to wait until I have an appointment 
with my family doctor, which is sometimes 
three or four months later’. (P17, FG5)

‘If they give it to me in a paper, I can read 
it before and if there is anything I don't 
understand, I can underline it and ask about 
it. Because, as I said, we get very little time 
for our appointments and we sometimes 
feel cut off. So if they give me the paper, 
like they say, everything holds up on paper’. 
(P17, FG5)

‘By the time you're done with your doctor's 
visit, this could be printed up on one of the 
final sheets of your summary sheet… and we 
can see "Oh, this is what I answered today. 
Oh, okay. I get it. Now I see I'm getting 
better or I'm not doing so well.”’ (P8, FG3)

‘Not online, though… I trust nothing online’ 
(P9, FG3)

TA B L E  2   (Continued)
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health literacy) had a strong negative reaction to the simpler pro-
totype, stating that it was, for example, ‘childish’. In general, there 
was more support for more detailed information and more com-
plex design in the adequate health literacy groups, but this prefer-
ence was expressed by some limited health literacy participants 
as well. Many patients expressed the importance of being able to 
customize the dashboards to their needs. Some patients disliked 
the objective ‘ideal range’ and ‘goal’ targets because they did not 
expect to achieve them given the severe or longstanding nature 
of their disease.

Patients expressed interest in expanding the dashboard capa-
bilities to include tracking other events between appointments, 
including RA flares, medication side effects, fatigue, sleep, stress, 
diet, smoking and exercise (Table 2D). Several patients mentioned 
that they currently keep a journal of all their RA symptoms and that 
they envisioned using the dashboard in a similar capacity. Other 
patients—regardless of health literacy level—wished to use the 
dashboard as a portal for accessing more information about their 
medications (mainly side effects), disease management (ie, diet and 
exercise), clinician's interpretations of how they were doing, and cli-
nician notes.

3.1.4 | Diverse potential uses

Patients expressed the desire to use the dashboard to further not 
just their own understanding of their disease process, but also to 
help with communicating their experience of their disease to other 
clinicians or family members. Many expressed that the dashboard 
could help enhance clinician understanding of their condition and 
improve coordination of care between multiple specialty clinicians 
and hospital systems. Patients also thought the dashboard could 
help them communicate about their disease with their family mem-
bers. One mentioned that the dashboard would help validate her 
symptoms to her family and friends (Table 2E).

The importance of being able to share the dashboard with others 
is reflected in the summary survey, where many patients indicated 
interest in being able to access their dashboards regularly. Most pa-
tients desired a paper version of the dashboard that they could take 
home with them and show their families or other clinicians. Half of 
the patients wished to have the dashboard accessible on their per-
sonal smart phones, but this was less often mentioned by limited 
health literacy and Spanish-speaking patients. About half of the pa-
tients also wished to access the dashboard online.

Many patients felt the dashboard could enhance their understand-
ing of their symptoms and disease trajectory, which could in turn help 
them with self-management. In particular, patients were interested in 
tracking disease activity with lifestyle modifications such as dietary 
changes and exercise. Patients also felt that the dashboard could 
help them better prepare for their appointments and help focus the 
discussion with clinicians, particularly in the context of rushed visits. 
This aspect of use was particularly important to Spanish-speaking pa-
tients, who described constrained communication opportunities with 

clinicians. Many of these patients felt that the dashboard would help 
minimize the number of questions that they would need to ask their 
clinicians. Spanish-speaking patients did not anticipate challenges in 
using the dashboard with an interpreter.

3.2 | Clinician focus groups

Eleven clinicians participated in three focus groups. Eight women 
and three men differed in their level of training and included three 
faculty rheumatologists, six rheumatology clinical fellows, one nurse 
practitioner and one medical assistant. Most participating clinicians 
practiced at the university hospital, although one group included cli-
nicians from the county hospital as well.

3.2.1 | High levels of interest in dashboard use

Most clinicians were supportive of the concepts presented in the 
dashboard (Table 3A). Many believed it would enhance their ability 
to communicate with patients and to show them their progression 
or improvement over time. Some expressed how showing both dis-
ease activity and pain on the dashboard would help distinguish what 
could be treated with RA medications vs not. Clinicians also saw the 
dashboard as a potential method for aggregating data from various 
sources (Table  3B). Many mentioned that aggregating information 
about medication history, number and location of swollen joints, his-
toric laboratory data and imaging results could help with continuity of 
care and hand-offs between clinicians. Some thought that a ‘snapshot’ 
of relevant information for a particular patient would make their own 
medical decisions easier. A few clinicians thought that two different 
dashboards would be more effective—one for physicians with more 
detailed information and another for patients that was more limited.

3.2.2 | Scepticism about utility of the dashboard

Despite interest in the content and potential uses of the dashboard, 
a few clinicians expressed significant scepticism that they would 
use the dashboard during face-to-face visits with their own patients 
(Table 3C). Several clinicians thought that the dashboard would be 
overwhelming to patients and that they would prefer to continue 
using their current strategies of writing down medication plans dur-
ing the visit. Even among enthusiastic clinicians, some would want to 
use the dashboard only in limited cases, for example, when recom-
mending a medication change.

3.2.3 | Interest in enhancing the dashboard to 
support more capabilities

Similar to the patients, clinicians were also very interested in cus-
tomizing the dashboard to their own needs and recommended that it 
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TA B L E  3   Quotes and thematic findings from clinician focus groups

Themes  

A. General support of the concept 
of the dashboard, to enhance 
communication with patients

‘Having spoken to a lot of RA patients throughout the years and given presentations to patients, I think 
this would be a very awesome tool… because patients always want to know, “Where am I at with my 
disease?”’

‘I think it's a great coaching piece for MAs and the patients as well. Because a lot of patients ask us, what 
are we really doing this PROMIS score. Why do I have to do this every time that I come into clinic?’

‘A lot of the patients…ask me… “How was my last lab? What was it related or correlated to the previous 
one before that?” So, pulling that up on [the computer] and showing them the trend line [would be] such 
a cool tool’.

‘[This dashboard can help] correlate[e] that their pain level is irrespective of their exam. Because there are 
so many patients who come in and say, my RA is flaring. When the reality is if you can show them, well, 
you know what, your joints are actually better and you're functioning…you're actually doing well and 
we've got all the right meds and your labs look great. Let's talk about the pain, and let's see what else we 
can do because it sounds like it's outside of your RA now’.

‘I think it would be most helpful when we're counseling around continuing medications. The patient that 
comes in wanting to stop medications, if you had a way visually to say well, actually, I really do think this 
has been helping you. I know we're not necessarily in a perfect scenario and your pain level isn't zero, but 
look what we've been able to achieve. I think that's a helpful visual tool’.

‘It's nice because it compiles a few things in the same place’

B. Interest in using the dashboard 
as a tool primarily for clinicians

‘Often the fellows are having to inherit a patient who's been cared for by many different people. And 
especially for patients who have a long-standing disease who are complicated and who have been on 
a lot of medications, sometimes things were stopped for unclear reasons. … So, having that historical 
medication information that's accurate with when it stopped, why it was stopped, etc, would…potentially 
improve safety for patients in treatment’.

‘The homunculus makes a really big difference because it does help us as providers also see, gee, where 
did they hurt last time and are they better, any worse’.

‘I think these details that the other people are discussing kind of point to the importance of probably 
having a different dashboard for the physicians as opposed to the patients, because I think for us to 
be able to use this in a way that would help us in making a treatment decision for example, we do want 
to see more granular detail. Which would include the trends in the labs, and also the dosing of the 
medications. Whereas, if you add all of that detail into a dashboard for the patients, it's probably going 
to be overwhelming; and it might just not be interpretable because they're coming from such a different 
background’.

‘I like the idea of being able to click through a few labs. Although, I would need to see more than these 
three labs for my own assessment of their status. And I definitely don't want to be looking at labs in two 
different places in the same visit’.

‘I think also it would help me in engaging my threshold to change a medication as well. You kind of do this 
as you're pre-charting and…looking back at the last three to four visits over the last year… So being able 
to kind of pull this up automatically [on the dashboard], actually would I think be helpful’.

C. Scepticism that the dashboard 
would enhance communication 
beyond their existing discussions 
with patients

‘I feel like patients retain so little in a visit because it's really overwhelming… I don't know for my practice, 
how useful [this dashboard] would be. I find it's more useful to sit with them and draw it out together’.

‘I may not use this as much as with someone who has active disease, [when] my agenda would be to 
increase their methotrexate’.

‘I think what I would… print it out, so the patient has something physical and then I would probably draw 
in… here we started with three [pills], and then here we have six [pills]. That's usually how I practice, 
anyway’.

D. Interest in enhancing the 
dashboard to support more 
resources/capabilities.

‘Something that I was thinking, too, is can you get the homunculus in here, too? The actual picture with the 
joints that are shaded? It's sort of going back to the [picture thing], but these are a lot of lines and dots. 
And for patients with [limited health literacy]… pictures [will be better]’.

‘I do think this might get confusing…the fact that the [CDAI and PROMIS] go in opposite directions. I think 
for patients, that might get confusing to understand that. Intuitively for me, at least, I would think up is 
better and down is worse’.

‘I don't really use the PROMIS when I make treatment… [But] the nicest part about [the PROMIS] is that 
it's a little bit easier for patients to understand rather than CDAI, as a gauge of like how well their RA is 
being managed’.

‘All of these [elements] depend heavily on the subjective pain sense of the patient, which I don't think is 
that uncommon that it may be quite different than our RA-focused specific disease assessment. Having at 
least one visual that was maybe more based on the physician's assessment would be [helpful]’.

(Continues)
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be designed to present more detailed information (Table 3D). Many 
clinicians wished for additional or enhanced resources in the dash-
board, including patient-facing educational materials about medica-
tions, or other tools to assist patients with medication adherence 
and management, especially for those requiring complex instruc-
tions such as prednisone tapers. Another clinician requested a mech-
anism for annotating medications on the dashboard, for example, to 
explain why it was discontinued.

3.2.4 | Concerns about the feasibility of 
building and using the dashboard

Perhaps the most serious concerns expressed by clinicians were 
around the availability and accuracy of the EHR data to be imported 
into the dashboard (Table 3E). All of the clinicians worried about the 
accuracy of the medication list in the EHR and the availability of 
laboratories, especially those performed outside of the institution. 
Most clinicians were also concerned about how using the dashboard 
would fit into their existing workflows and affect their time manage-
ment (Table 3F). They worried it would raise a large number of ques-
tions from patients that would lengthen the visit. Some mentioned 
that having medical assistants review the dashboard with patients 
while checking vital signs before the clinical visit began physicians 
might be a way to save time.

4  | DISCUSSION

In this qualitative study of a diverse group of RA patients, includ-
ing English and Spanish speakers and patients with adequate or 
limited health literacy alongside clinicians, we assessed the ac-
ceptability of a series of RA dashboard prototypes. After several 
iterations, we found a high level of patient and clinician acceptance 
for an RA dashboard across all groups of patients (ie, positive re-
actions to using the dashboard and the absence of refusals to use 
it). Patients and clinicians anticipated that the final dashboard could 
enhance communication around RA disease activity and improve 
patient self-management. Patients saw the dashboard as valuable 
for communicating with their rheumatology clinicians, and also for 
coordinating care between different medical specialists and help-
ing their families better understand their disease. Clinicians were 
also enthusiastic about using a dashboard during their visits; they 
seemed to underestimate the extent to which patients wanted de-
tailed information about their disease, including access to doctor's 
notes and interpretations. Although most clinicians believed the 
dashboard could enhance their ability to communicate with patients, 
they were sceptical that the dashboard would work as intended, and 
anticipated difficulties in importing accurate data from the EHR and 
incorporating it effectively into their workflows.

Few studies have examined the impact and feasibility of using 
health information technology (IT) to improve communication 

Themes  

E. Concern about the quality and 
availability of EHR data to be 
imported into the dashboard.

‘[Extracting automatically from the medication list] would make me nervous, and maybe that's a good thing 
that it would really encourage us to be making sure that the medication list is always up-to-date. I know 
that sometimes it's not, and then I would worry about that being confusing for patients’.

‘The ability to edit the medication… comes in especially when you've written somebody for three [tablets] 
and they've been really taking however many [tablets]… It would be more useful for us to know what 
they're actually taking, versus what the prescription actually says’.

‘The MAs flag [medications] for the providers to remove. That doesn't get done, so it's still on the list and 
it's an ongoing issue unfortunately’.

‘Unfortunately, [labs done at outside labs] will never show in the EHR. They're just scanned or printed from 
like a paper form, and scanned into the EHR. So, that will never be abstracted’.

F. Apprehension about how the 
dashboard would fit into their 
work flow.

‘With those patients where it is already always really tight on time, I would kind of need to think about 
whether or not this is going to be helpful or harmful for time management. Because it could bring up a 
need to do a lot of explaining, since [a lot of them] probably haven't heard of the word CDAI or PROMIS, 
and so kind of getting into defining all of the different pieces of the graph and what those measurement 
tools mean and what's good and what's bad. I don't know if I would do that for everybody’.

‘if a patient is late to their appointment, they don't finish their PROMIS form, and the provider finishes the 
visit, how will we print out everything and get it to them on time? Maybe it can cause a delay in a rooming 
situation’.

‘Just pulling up another application and presenting this to the patient for the first time. They'll be like, oh, 
what is this? So, you might have another like five, ten minute conversation just about this – [or] anything 
that we're implementing’.

‘In the beginning, it would take a lot of time just to explain it when they're first rolled out, but I think 
afterwards, it probably won't be. And as you get new patients coming in, we can have the MAs talk about 
it right as they go in’

‘I think it's a good tool that patients would love. Having given talks to patients before with RA disease, 
they never really quite know how well they're doing because they gauge it on their pain level. And so, 
seeing all these identifiers pulled open for them would be helpful. And I know as a provider, I don't have 
time to go over everything I just told you about… Here's a new program… let my MA explain it to you. It 
sounds like it would be a much more viable option to be able to [use the dashboard better]’.

TA B L E  3   (Continued)
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around RA PROs during ambulatory visits, and few RA-specific 
dashboards have been developed to date.3,9-11 These platforms 
aggregate similar data as our RA dashboard but were not designed 
to be patient-facing. In 2010, the French Society of Rheumatology 
launched Sanoia, a web-based platform specifically designed for 
patients to track and monitor their RA symptoms and disease 
activity.22 Although Sanoia seemed to make improvements in 
patient-clinician communication, a quarter of patients never ac-
cessed the tool, and use declined after 1 year. Our RA dashboard is 
unique in that it was designed in collaboration with RA patients to 
be patient-facing, with the purpose of improving patient-clinician 
communication and enhancing patients’ understanding of their 
disease.

Themes from patient focus groups illustrated the strength of 
an iterative, human-centred design process. Although we engaged 
the intended end users at every stage of development, we con-
tinued to gain new insights around design preferences for data 
presentation during focus groups. The dashboard was initially de-
signed to only present the most essential data using simple lan-
guage and iconography, based on previous patient feedback.13 Yet 
many patients expressed difficulty interpreting the dashboard, 
irrespective of their health literacy level. At the same time, pa-
tients from both adequate and limited literacy groups objected 
to the ‘childish’ representation of the data and were interested in 
increasing the amount of detail presented. These divergent views 
on dashboard design highlight the need for customizable elements 
when developing a tool for RA patients. While initial iterations of 
the RA dashboard primarily featured numeric graphs that depicted 
trends in disease activity, pain and functional status, some pa-
tients requested more visual depictions, including representations 
of the body. Designers then incorporated a homunculus as a pic-
torial representation of disease activity, which many subsequent 
focus group participants identified as their preferred prototype. 
Importantly, these preferences could not be reliably predicted by 
level of health literacy or language group. This may be explained 
by differences in numeracy or graphical literacy, which we did not 
formally assess. A previous study on the types of literacy skills 
needed to comprehend a medical dashboard showed that there is 
variability in numeracy and graphical literacy even among patients 
with adequate health literacy.23

Limited health literacy and monolingual Spanish-speaking pa-
tients are particularly vulnerable to suboptimal patient-clinician 
communication. Previous studies have shown that RA patients 
with limited health literacy and limited English proficiency are 
more likely to report suboptimal shared decision-making when 
interacting with their clinicians24 and that these patients are par-
ticularly vulnerable to adverse outcomes,25-27 highlighting the 
importance in facilitating patient-clinician communication in this 
particular population. Engaging a diverse group of patients, as we 
did here, revealed important connotative meanings that would not 
have otherwise been considered during the design process. For 
example, one patient recommended inverting the CDAI scale be-
cause the ‘good’ value should be represented on the top. Patient 

focus groups also generated innovative ideas for expanded capa-
bilities in a dashboard, such as a journaling function to help track 
self-management strategies. End-user participation is critical in 
designing a tool that will have a high likelihood of being adopted 
by its intended audience.28

This study has several strengths. First, the iterative, human 
centred-design process engaged end-users at every stage of de-
velopment. We included a diverse group of patients, including 
Spanish-speaking patients. Native Spanish speakers facilitated 
and analysed data from the Spanish-language groups. We included 
adequate and limited health literacy patients in the focus groups, 
which builds confidence in our findings of utility and acceptability 
of the tool. Facilitators specifically designed the focus groups to 
solicit patient and clinician concerns about the tool or its use in 
clinic. As a result, we are more confident that we have a realis-
tic view of stakeholder perspectives on the implementation of the 
dashboard.

There are some limitations to this study as well. First, as is the 
case for all small studies, the generalizability of these findings is 
unknown. We included clinicians and diverse patients from multi-
ple health systems to improve the potential applicability of these 
findings to other settings, but more research will be needed to 
confirm our findings outside of this institution. Second, we can-
not be sure from the focus group data whether the RA dashboard 
will, once implemented, significantly change patients’ health be-
haviours, such as improving medication adherence, exercise or 
other self-management strategies, although some patients pre-
dicted it might. Our hypothesis is that by improving patient-cli-
nician communication around RA disease activity, use of the 
dashboard will promote shared decision-making, which would ulti-
mately improve patient knowledge and engagement, and perhaps 
medication adherence and patient outcomes.29 Further studies 
are needed to evaluate patient activation once the RA dashboard 
has been piloted.

Work is currently underway to implement the RA dashboard 
into our local EHR. The dashboard will be launched from inside the 
patient's chart in the EHR during the face-to-face visit with the cli-
nician, and data elements will be automatically populated from re-
al-time EHR data. We plan for the dashboard to be curated—that is, 
it will be displayed on the screen in the examination room and its 
elements can be explained by the clinician; it can serve as a jump-
ing-off point for a conversation between the patient and the clinician 
in order to support shared decision-making.

Informed by the findings of this study, we have designed the 
RA dashboard to be partially customizable to patient and clinician 
preferences. Specifically, for patients, we have made each section 
of the dashboard expandable and collapsible so that only one sec-
tion can be ‘expanded’ at a given time. Additional ideas for future 
iterations of the dashboard include making it possible for patients 
to contribute additional information or annotations to the visualiza-
tions, such as information about exercise, mood, or sleep; to change 
the time range of the graphs to the most relevant period for an 
individual patient; or to edit the ‘goal’ green zone for each PRO 
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based on their personalized targets. Explanatory ‘pop-ups’ in each 
section of the dashboard could also be tailored to the patient's 
preferences. Training videos or tutorials may need to be developed 
in order to enhance patient understanding of the RA dashboard. 
We also anticipate that the RA dashboard could be made accessible 
to patients through the online patient portal. On the clinician's side, 
we can make it possible to add other ‘widgets’ to the dashboard, 
including other useful information such as X-ray results, osteopo-
rosis screening results, or relevant vaccination information. Future 
studies should focus on how different types of patients or clinicians 
engage with the dashboard and on evaluating the impact the RA 
dashboard will have on patient care, particularly on disease out-
comes, medication adherence and patient self-management.

In sum, using principles of human-centred design, we created a 
RA dashboard that is well-accepted among RA patients, although 
clinicians remained sceptical about its implementation. The ability 
to customize data display preferences is important in tailoring the 
dashboard to patients with diverse needs and preferences. Special 
attention should be given to feasibility concerns voiced by clinicians.

ACKNOWLEDG EMENTS
We would like to acknowledge the contributions of Celia Kaplan 
DrPH (Philip Lee Institute for Health Policy Studies, UCSF) to the 
conduct of the Spanish-language focus groups.

CONFLIC TS OF INTERE S TS
The authors report no conflict of interests.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Sarah B. Garrett   https://orcid.org/0000-0002-3238-5692 
Patricia P. Katz   https://orcid.org/0000-0002-8146-2519 
Jennifer L. Barton   https://orcid.org/0000-0002-6771-3465 
Jinoos Yazdany   https://orcid.org/0000-0002-3508-4094 
Gabriela Schmajuk   https://orcid.org/0000-0003-2687-5043 

R E FE R E N C E S
	 1.	 Singh JA, Saag KG, Bridges SL, et al. 2015 American College 

of Rheumatology Guideline for the Treatment of Rheumatoid 
Arthritis: ACR RA treatment recommendations. Arthritis Rheumatol. 
2016;68(1):1-26.

	 2.	 NQF: NQF-Endorsed Measures for Musculoskeletal Conditions. 
http://www.quali​tyfor​um.org/Publi​catio​ns/2015/01/NQF-Endor​
sed_Measu​res_for_Muscu​loske​letal_Condi​tions.aspx. Accessed 
January 22, 2019.

	 3.	 Fu H, McMahon SK, Gross CR, Adam TJ, Wyman JF. Usability 
and clinical efficacy of diabetes mobile applications for adults 
with type 2 diabetes: A systematic review. Diabetes Res Clin Pract. 
2017;131:70-81.

	 4.	 Cronin RM, Conway D, Condon D, Jerome RN, Byrne DW, Harris 
PA. Patient and healthcare provider views on a patient-reported 
outcomes portal. J Am Med Inform Assoc. 2018;25(11):1470-1480.

	 5.	 Hartzler AL, Izard JP, Dalkin BL, Mikles SP, Gore JL. Design 
and feasibility of integrating personalized PRO dashboards 
into prostate cancer care. J Am Med Inform Assoc JAMIA. 
2016;23(1):38-47.

	 6.	 Hartzler AL, Chaudhuri S, Fey BC, Flum DR, Lavallee D. Integrating 
patient-reported outcomes into spine surgical care through visual 
dashboards: lessons learned from human-centered design. eGEMs. 
2015;3(2):1133.

	 7.	 Wilson J, Arshad F, Nnamoko N, Whiteman A, Ring J, Roy B. 
Patient-reported outcome measures: an on-line system empow-
ering patient choice. J Am Med Inform Assoc. 2014;21(4):725-729.

	 8.	 Jongen PJ, Sinnige LG, van Geel BM, et al. The interactive web-
based program MSmonitor for self-management and multidisci-
plinary care in multiple sclerosis: concept, content, and pilot results. 
Patient Prefer Adherence. 2015;9:1741-1750.

	 9.	 Nelson EC, Dixon-Woods M, Batalden PB, et al. Patient fo-
cused registries can improve health, care, and science. BMJ. 
2016;354:i3319.

	10.	 Barber C, MacMullan P, Barnabe C, et al. Rheum4u-preliminary re-
sults of piloting a web-based tool for quality improvement in rheu-
matology clinics. J Rheumatol. 2017;44(6):884.

	11.	 Barber CEH, Sandhu N, Rankin JA, et al. Rheum4U: Development 
and testing of a web-based tool for improving the quality of 
care for patients with rheumatoid arthritis. Clin Exp Rheumatol. 
2019;37(3):385-392.

	12.	 Newman ED, Lerch V, Billet J, et al. Improving the quality of 
care of patients with rheumatic disease using patient-cen-
tric electronic redesign software. Arthritis Care Res (Hoboken). 
2015;67(4):546-553.

	13.	 Ragouzeos D, Gandrup J, Berrean B, et al. “Am I OK?” using 
human centered design to empower rheumatoid arthritis pa-
tients through patient reported outcomes. Patient Educ Couns. 
2019;102(3):503-510.

	14.	 McCreary L. Kaier permanente’s innovation on the front lines. Harv 
Bus Rev. 2010;88(9):92, 94-97, 126

	15.	 Brown T. Design thinking. Harvard Business Review. 2008. https://
hbr.org/2008/06/desig​n-thinking. Accessed November 23, 2019.

	16.	 England BR, Tiong BK, Bergman MJ, et al. 2019 Update of the 
American College of Rheumatology recommended rheumatoid 
arthritis disease activity measures. Arthritis Care Res (Hoboken). 
2019;71(12):1540-1555.

	17.	 Barber CEH, Zell J, Yazdany J, et al. 2019 American College of 
Rheumatology recommended patient-reported functional status 
assessment measures in rheumatoid arthritis. Arthritis Care Res 
(Hoboken). 2019;71(12):1531-1539.

	18.	 IDEO. The Field Guide to Human-Centered Design. San Francisco, CA: 
IDEO; 2015.

	19.	 Chew LD, Griffin JM, Partin MR, et al. Validation of screening ques-
tions for limited health literacy in a large VA outpatient population. 
J Gen Intern Med. 2008;23(5):561-566.

	20.	 Boyatzis RE. Transforming Qualitative Information: Thematic Analysis 
and Code Development. Thousand Oaks, CA: Sage Publications; 1998.

	21.	 Guest G, MacQueen KM, Namey EE. Applied Thematic Analysis. Los 
Angeles, CA: Sage Publications; 2012.

	22.	 Gossec L, Cantagrel A, Soubrier M, et al. An e-health interactive 
self-assessment website (Sanoia®) in rheumatoid arthritis. A 12-
month randomized controlled trial in 320 patients. Joint Bone Spine. 
2018;85(6):709-714.

	23.	 Nayak JG, Hartzler AL, Macleod LC, Izard JP, Dalkin BM, Gore JL. 
Relevance of graph literacy in the development of patient-centered 
communication tools. Patient Educ Couns. 2016;99(3):448-454.

	24.	 Barton JL, Trupin L, Tonner C, et al. English language profi-
ciency, health literacy, and trust in physician are associated with 
shared decision making in rheumatoid arthritis. J Rheumatol. 
2014;41(7):1290-1297.

https://orcid.org/0000-0002-3238-5692
https://orcid.org/0000-0002-3238-5692
https://orcid.org/0000-0002-8146-2519
https://orcid.org/0000-0002-8146-2519
https://orcid.org/0000-0002-6771-3465
https://orcid.org/0000-0002-6771-3465
https://orcid.org/0000-0002-3508-4094
https://orcid.org/0000-0002-3508-4094
https://orcid.org/0000-0003-2687-5043
https://orcid.org/0000-0003-2687-5043
http://www.qualityforum.org/Publications/2015/01/NQF-Endorsed_Measures_for_Musculoskeletal_Conditions.aspx
http://www.qualityforum.org/Publications/2015/01/NQF-Endorsed_Measures_for_Musculoskeletal_Conditions.aspx
https://hbr.org/2008/06/design-thinking
https://hbr.org/2008/06/design-thinking


     |  859LIU et al.

	25.	 Bruce B, Fries JF, Murtagh KN. Health status disparities in ethnic 
minority patients with rheumatoid arthritis: a cross-sectional study. 
J Rheumatol. 2007;34(7):1475-1479.

	26.	 Barton JL, Trupin L, Schillinger D, et al. Racial and ethnic dispari-
ties in disease activity and function among persons with rheuma-
toid arthritis from university-affiliated clinics. Arthritis Care Res. 
2011;63(9):1238-1246.

	27.	 Caplan L, Wolfe F, Michaud K, Quinzanos I, Hirsh JM. Strong as-
sociation of health literacy with functional status among rheuma-
toid arthritis patients: a cross-sectional study. Arthritis Care Res. 
2014;66(4):508-514.

	28.	 van Gemert-Pijnen JE, Nijland N, van Limburg M, et al. A Holistic 
Framework to Improve the Uptake and Impact of eHealth 
Technologies. J Med Internet Res. 2011;13(4):e111.

	29.	 Stacey D, Légaré F, Col NF, et al. Decision aids for people facing 
health treatment or screening decisions. Cochrane Database Syst 
Rev. 2014;28(1):CD001431.

How to cite this article: Liu LH, Garrett SB, Li J, et al. Patient 
and clinician perspectives on a patient-facing dashboard that 
visualizes patient reported outcomes in rheumatoid arthritis. 
Health Expect. 2020;23:846–859. https://doi.org/10.1111/
hex.13057

https://doi.org/10.1111/hex.13057
https://doi.org/10.1111/hex.13057

