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ABSTRACT

Objective: The aim of this study was to design and assess the formative usability of a novel patient portal

intervention designed to empower patients with diabetes to initiate orders for diabetes-related monitoring and

preventive services.

Materials and Methods: We used a user-centered Design Sprint methodology to create our intervention prototype

and assess its usability with 3 rounds of iterative testing. Participants (5/round) were presented with the prototype

and asked to perform common, standardized tasks using think-aloud procedures. A facilitator rated task

performance using a scale: (1) completed with ease, (2) completed with difficulty, and (3) failed. Participants

completed the System Usability Scale (SUS) scored 0—worst to 100—best. All testing occurred remotely via Zoom.

Results: We identified 3 main categories of usability issues: distrust about the automated system, content con-

cerns, and layout difficulties. Changes included improving clarity about the ordering process and simplifying

language; however, design constraints inherent to the electronic health record system limited our ability to

respond to all usability issues (eg, could not modify fixed elements in layout). Percent of tasks completed with

ease across each round were 67%, 60%, and 80%, respectively. Average SUS scores were 87, 74, and 93,

respectively. Across rounds, participants found the intervention valuable and appreciated the concept of

patient-initiated ordering.

Conclusions: Through iterative user-centered design and testing, we improved the usability of the patient portal

intervention. A tool that empowers patients to initiate orders for disease-specific services as part of their

existing patient portal account has potential to enhance the completion of recommended health services and

improve clinical outcomes.
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Lay Summary

Despite the importance of regularly completing services that help monitor diabetes and prevent complications (eg, eye

exams, pneumonia vaccines), many persons with diabetes experience gaps in recommended care. In this study, we describe

the process of designing and testing the usability of an intervention included in the patient portal that would alert patients

of their care gaps and allow them to initiate care. To design the intervention, we used a 5-phase, user-centered process that

resulted in an intervention prototype. We then conducted 3 rounds of testing with users where they were asked to perform

common tasks in the prototype and rate its usability. We used feedback to make improvements after each round of testing.

We identified 3 main categories of usability issues: distrust about the system, content concerns, and layout difficulties. To

improve usability, we added clarity about the process to initiate care and used simpler language. The average usability score

across users improved from round 1 to round 3. Overall, patients found the intervention helpful. A tool that engages and

empowers patients to initiate services as part of their existing patient portal account has potential to improves rates of rec-

ommended care and clinical outcomes.

INTRODUCTION

Diabetes self-management can effectively control diabetes and

reduce rates of complications, but requires that patients regularly

engage in diabetes-related monitoring and preventive services (eg,

hemoglobin A1c [HbA1c] testing, nephropathy screening).1 How-

ever, many barriers prevent patients from completing these

evidence-based services, including both patient-level (eg, lack of

awareness of recommended screening, limited health literacy) and

clinician/system-level factors (eg, limited physician time, limited

patient support between visits).2–6 As a result, many patients experi-

ence gaps in recommended care.7 As one example, despite guidelines

recommending patients with type 2 diabetes receive an annual eye

screening, nearly half of adults with diabetes have not had retinop-

athy screening in the last year.7

Patient portals offer a promising platform for reducing barriers

to completing recommended diabetes health services. Most US

health care systems offer their patients convenient online portal

access to their electronic health record (EHR) data.8 Patients are

highly interested in using portals9 and adoption continues to

rise.10,11 New advances in patient portal technology have created

opportunities to engage patients further in their care by enabling

patients to receive heath alerts and request or self-schedule health

services.12–15 Early results suggest providing this functionality may

increase rates of preventive health services and patient activation,

and improve clinical efficiency.12–15

Despite growing availability, adoption, and potential to engage

and empower patients, challenges to patient portal use remain. For

example, patients often struggle with complex user-interfaces and

difficult to understand medical content.9,16,17 A recent scoping

review identified systematically measuring the usability of patient

portals as a research priority and best practice to achieve higher

rates of patient engagement.18 Incorporating formative usability

testing into the design process ensures the design meets users’ needs

prior to spending time and effort on programming and reduces the

likelihood that content and layout issues will interfere with

efficacy.19

There are many approaches to design and usability testing; how-

ever, many are time and resource intensive or lack the necessary

rigor. Our research team and others have previously described the

application of Design Sprint methodology, a 5-phase process for

rapidly testing and rigorously evaluating ideas,20 to design innova-

tive, patient-facing health apps.21,22 The process allows for early

feedback from end-users and implementation planning during

intervention development to ensure apps meet users’ expectations

and are designed to facilitate effective implementation.22,23

Objective
We sought to: (1) apply a user-centered Design Sprint methodology

to design a novel patient portal intervention to make patients aware

of and empower them to address diabetes care gaps and (2) assess

the usability of the resulting intervention prototype before evaluat-

ing the intervention in a trial. Our overall goal was to design an

intervention that would reduce the prevalence of diabetes care gaps

by notifying patients when they are due for services, promote under-

standing the importance of these services with content appropriate

for varying levels of literacy, and allow patients to initiate orders for

relevant care while facilitating care delivery.

METHODS

Setting
This research was conducted at Vanderbilt University Medical Cen-

ter (VUMC) in Nashville, TN. All clinical data at VUMC is stored in

the EHR supplied by Epic Systems Corp. Patients receive access to

their clinical data via an integrated patient portal called My Health

at Vanderbilt (MHAV)24 which is accessible on desktops and via a

native mobile app for iOS and Android operating systems. We

planned for our intervention to be embedded in this patient portal.

Design Sprint
We used a 5-phase user-centered Design Sprint methodology devel-

oped by Google Ventures (Alphabet Inc., Mountain View, CA) to

design our intervention.20 Figure 1 outlines each phase of a Design

Sprint. Below we generally describe our approach; more detailed

information on each phase is available in other resources.20,21,25

In phase 1, we mapped our challenge to create a patient portal

intervention that would empower patients to close diabetes care

gaps. In this phase, we sought to understand patients’ needs and

challenges with receiving recommended diabetes services. This proc-

ess was informed by a literature review26–31 and discussions with

expert stakeholders (eg, population health, patient experience, qual-

ity and safety, diabetes providers) to enhance our understanding of

challenges. In phase 2, we reviewed existing patient portal features

and functionality available on Epic’s MyChart platform as well as

existing ideas and architecture used for alerting patients, displaying

guidance, and enabling action. Using what we learned from stake-

holders in phase 1 and a shared understanding of Epic’s existing

2 JAMIA Open, 2023, Vol. 6, No. 2



infrastructure, we sketched potential intervention designs. The goal

was to broadly ideate and generate lots of solutions that creatively

leveraged Epic’s functionality. This involved having team members

sketch out different ways existing functions could be reenvisioned so

patients could receive alerts and request services. In phase 3, the

study team reviewed proposed designs and, guided by the feasibility

and sustainability of the proposed solutions, decided by consensus

which design had the greatest potential to successfully meet our

challenges in the long-term. In this phase, we chose to repurpose

Epic’s questionnaire template (originally designed for surveying

patients on symptoms and other health information) by adapting

this functionality into an alert and action/response tool for patients

to initiate orders for diabetes services. In phase 4, we used a proto-

typing tool (Figma) to develop an initial prototype for formative

usability testing in phase 5.

Formative usability testing
Study population

Participants were recruited from VUMC-affiliated adult primary

care clinics throughout middle Tennessee. Eligible patients were age

18 or older, diagnosed with type 1 or 2 diabetes mellitus, able to

speak and read English, and had an existing MHAV account. We

excluded patients living in long-term care facilities, with known cog-

nitive deficits or functional impairment preventing the use of a desk-

top or mobile device or receiving hospice care.

We queried the EHR for eligible patients and then sent them let-

ters describing the study and inviting them to participate. Interested

patients completed an online eligibility prescreener and signed an

electronic consent form via REDCap. Patients were then contacted

by phone to confirm eligibility, review study participation, and

answer questions. We recruited our participant pool expecting to

conduct 2–5 rounds of formative usability testing, with each round

consisting of approximately 5 participants. Based on prior usability

research, 85% of usability issues are discovered within the first 5

users, such that there is little additional benefit of testing with more

than 5.32,33 By including 5 users in each of our 3 rounds of testing,

we could be confident we would identify the majority of usability

issues with each new iteration of the intervention.34 Patients in the

participant pool completed a short survey of demographics and

health literacy.35,36 To ensure participation of groups with distinct

usability challenges, purposive sampling was used to include at least

1 person aged 65 years or older and 1 person with limited health lit-

eracy in each round of testing.36,37 The Vanderbilt Institutional

Review Board approved this research.

Procedure

Each formative usability session included a task-based usability

assessment of the patient portal intervention’s prototyped features

and functionality. All testing occurred remotely via Zoom; each ses-

sion took approximately 60 minutes and was audio/video-recorded

and transcribed. A Human Factors Researcher (author CR) facili-

tated each usability session using a semistructured interview guide.

First, the patient received a standardized introduction to the task-

based usability session. The facilitator instructed patients on “think-

aloud” procedures which allow for rich qualitative data collection

to better understand and track participants’ thought processes as

they attempt to use the prototype.38,39 Next, the facilitator pre-

sented participants with the prototype and asked them to perform

common, standardized tasks (Table 1). The interview guide elicited

participants’ (1) expectations for content and functionality, (2) abil-

ity to comprehend the information displayed, and (3) satisfaction

with the prototype. The facilitator privately rated the participants’

task performance after they completed each task and later used tran-

scripts to verify the rating. All participants completed the tasks

(Table 1) in the same order. The findings from 1 round informed

prototype revisions prior to the subsequent round.

At the end of session, participants completed a questionnaire

that included the 10-item System Usability Scale (SUS)40,41 and a

validated measure of eHealth literacy,42 and collected their demo-

graphics, diabetes characteristics (eg, insulin use, diabetes duration),

and familiarity with MHAV. All participants who completed a

usability session were compensated $40.

Outcome measures

Task performance. Facilitators rated participants’ task performance

using a 3-category scale adapted from prior studies: (1) completed

with ease (ie, successfully achieved all task goals without assistance

or any indication of confusion or uncertainty on how to proceed

with the task), (2) completed with difficulty (ie, successfully

achieved all task goals without assistance, but demonstrated some

confusion or uncertainty on how to proceed with the task), and (3)

failed (ie, did not successfully achieve 1 or more task goals, or

required assistance from the facilitator to continue with the task).

Usability. Participants completed the SUS using a 5-point Likert

scale (1 ¼ “strongly disagree” to 5 ¼ “strongly agree”).40,41 Overall

item scores are converted to a 0–100 scale, with 100 indicating the

best possible usability. Based on prior research,43 a score above 68

suggests “above average” usability and a score of 85 or above sug-

gests “excellent” usability.

Figure 1. The 5 phases in a Design Sprint. Adapted from Knapp et al.20
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Analysis

Quantitative. We used descriptive statistics to characterize the study

participants, task completion, and usability data. Analyses were

conducted using R (http://www.r-project.org; version 4.1.0).

Qualitative. We used a pragmatic approach to quickly analyze test-

ing session transcripts for participant feedback and support changes

to the prototype between rounds in a timely fashion.44 Between

rounds, a member of the research team (author CR) reviewed inter-

view transcripts and organized participants’ feedback by usability

issues. We then identified usability themes and specific user-

interface issues to (1) identify areas for improvement, (2) identify

areas of satisfaction, and (3) ascertain the overall tone and percep-

tion of the users’ feedback about the intervention.

RESULTS

Design Sprint
Figure 2 shows selected patient-facing screenshots of the initial pro-

totype that resulted from phase 4 of the Design Sprint and were sub-

sequently used for round 1 of usability testing. The design includes

patient portal notifications when diabetes monitoring and preven-

tive services become due (Figure 2A and B). Notifications direct

patients to a To Do list within the portal that presents tasks and

explains their importance using language at or below a 6th grade

reading level (Figure 2C). The To Do list item contains an “order”

button patients can click to initiate an order for the corresponding

care (Figure 2D and E). Using Epic’s Reporting Workbench, all

patients initiating care via the portal are included in bulk orders

placed for the corresponding services. Patients receive a confirma-

tion message when the order is processed with instructions on how

to proceed (eg, instructions to go to the lab) (Figure 2F). Results go

to their primary care physician via the EHR.

Formative usability testing
Participant characteristics

A total of 15 participants completed the usability testing with 5 par-

ticipants in each of the 3 rounds (Table 2). The average age of the

participants was 60.5 (SD: 12.9) years, 60% were non-Hispanic

White, 40% had less than a college degree, and 47% were currently

employed. Most participants (73%) were prescribed insulin and the

average HbA1c level was 7.8% (SD: 1.4%). About half (47%) had

limited health literacy and 40% used the patient portal (MHAV)

weekly.

Usability concerns and solutions

Table 3 summarizes the major usability issues identified during test-

ing and the resulting changes in the prototype that were evaluated in

subsequent testing rounds. Below we describe the issues and relevant

solutions in more detail based on the 3 most prevalent categories.

Trust/understanding of process. Several participants expressed skep-

ticism about the self-ordering process. Namely, patients were uncer-

tain about how and why the alert for due services was generated;

since it was not coming directly from their doctor, some were appre-

hensive about its legitimacy and accuracy. To help alleviate skepti-

cism, we added language associating the initial To Do item with the

patients’ doctor’s office (see Figure 3C). There was also confusion

about integration of the system with the patients’ care team and

who would get notified about the requests for care and care

received. We edited the language in the To Do item and confirma-

tion message to indicate that patients’ primary care physician (vs

their endocrinologist) would be informed of the request and results

(see Figure 3C and F).

Content/language. Participants pointed out several potential issues

with how they were being prompted to order care. First, they were

hesitant about “ordering” care, a function traditionally performed

by clinicians. Instead, they expressed a preference for “requesting”

care to make it easier to understand what they were being asked to

do and provide reassurance that their doctor’s office would be

involved in the process. Second, they felt it was important that an

option was available to decline self-ordering care (eg, if they were

not ready to order at that time or had an upcoming appointment

where they expected to receive the care). Respective solutions to

these concerns included changing the language so patients were

prompted to “request” care and adding an option to decline order-

ing a service (Figure 3D).

Table 1. Tasks participants were asked to complete as part of the usability assessment of the intervention prototype

Task Participant attempts to. . .

1. Interpret A1c Interpret the information presented within a To Do list item notifying the patient that they are

due for an A1c blood test and can request this care through MHAV.

2. Complete A1c Complete a To Do list item to request the A1c blood test.

3. A1c confirmation Review and interpret the confirmation message for the A1c blood test request.

4. Interpret microalbumin Interpret the information presented within a To Do list item notifying the patient that they are

due for a urine protein test (microalbumin) and can request this care through MHAV.

5. Interpret eye exam Interpret the information presented within a To Do list item notifying the patient that they are

due for a diabetes eye exam and can request this care through MHAV.

6. Eye exam done Complete a To Do list item to indicate the patient received a diabetic eye exam outside of VUMC

within the last 12 months.

7. Request eye exam Complete a To Do list item to request a diabetic eye exam.

8. Eye exam confirmation Review and interpret the confirmation message for the diabetic eye exam request.

9. Interpret pneumonia vaccine Interpret the information presented within a To Do List item notifying the patient that they are

due for a pneumonia vaccine and can request this care through MHAV.

10. Complete pneumonia vaccine Complete a To Do list item to request the pneumonia vaccine.

11. Pneumonia vaccine confirmation Review and interpret the confirmation email for the pneumonia vaccine request.

Abbreviations: MHAV: My Health at Vanderbilt; VUMC: Vanderbilt University Medical Center.
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A common concern from participants was that the language

introducing each test or service was difficult to understand. We

responded by consulting VUMC’s Effective Health Communication

(EHC) Core and revising the language for several of the To Do list

items which centered on simplifying the information and explaining

the purpose of and importance of completing a screening or test. For

example, instead of using the term “microalbumin” we stated, “It is

time for your urine protein test.”

Layout. Some participants identified layout issues involving naviga-

tion (unclear how to proceed to the next screen) and others the

mode of entering data (scrolling through a wheel). When layout

issues were resolvable within the constraints of the platform, we

made modifications to improve usability. As one example, the screen

where users indicate their eye exam was already completed outside

VUMC was modified to clearly state the purpose of the task (“When

was your diabetes eye exam done?”) and to allow patients to type in

the date the exam was completed (Figure 4).

However, some layout issues involved fixed elements in the Epic

system, which we did not have the ability to change. Most issues

stemmed from our repurposing of the questionnaire template built

into Epic (described in Design Sprint) which involved elements not

well-suited for this purpose. For example, we created To Do list

tasks that amounted to 1-item “questionnaires” (ie, Do you want to

order/request this health maintenance item?) (see Figure 2D).

Unfortunately, using the template in this novel way meant the single

Figure 2. Selected screenshots of the initial prototype.
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question was immediately followed by a built-in survey response

confirmation screen asking users to review their answer and confirm

(see Figure 2E). This redundancy caused some participants confu-

sion and frustration about the order/request and confirmation

screens (eg, extra clicks, repetitive words). In addition, some partici-

pants felt the order screen contained too much information and

were confused about where to click to request the service. Although

we were able to make small changes to the wording on these screens

to help with clarity (Figure 3D and E), fixed elements in the template

prevented us from modifying the layout.

Task performance

Supplementary Table S1 includes task performance ratings for

each task across all 3 rounds. Task performance generally

improved across each round of testing, such that tasks were more

likely to be completed with ease and less likely to be completed

with difficulty or failed from round 1 to round 3. Three tasks did

show a drop in performance from round 1 to round 2 (ie, Interpret

A1c, Interpret Pneumonia Vaccine, and Pneumonia Vaccine Con-

firmation), but after subsequent design modifications,

participants’ performance rebounded in round 3 to at or above

performance in round 1. Because tasks were presented in the same

sequence and many of the tasks were similar across several of the

topics (A1c, microalbumin, eye exam, and pneumonia vaccine),

task performance did improve within the same round of testing

with repeated exposure to the same set of screen templates. Task

performance was high across rounds 1 and 2 for Interpret Eye

Exam, Request Eye Exam, Eye Exam Confirmation, and Compete

Pneumonia Vaccine. Therefore, these tasks were eliminated from

round 3. Figure 5 shows changes in task performance from the ini-

tial (round 1) to the final prototype (round 3) for the 7 tasks we

assessed across all rounds. Complete A1c had lower task perform-

ance in all 3 rounds; this was due to the inherent usability chal-

lenges of using the questionnaire template for a novel purpose as

described above coupled with the fact that this task was the first

exposure to the template for all participants.

Usability ratings

The average SUS in round 1 was 87 (SD: 18) which corresponds to a

percentile ranking of 97%. In round 2, the average score dropped to

Table 2. Participant characteristics, n (%) or mean 6 SD

Total, N¼ 15 Round 1, n¼ 5 Round 2, n¼ 5 Round 3, n¼ 5

Gender, female 8 (53) 3 (60) 4 (80) 1 (20)

Age 60.5 6 12.9 62.1 6 11.7 61.0 6 17.0 58.2 6 12.2

Race/ethnicity

Non-Hispanic White 9 (60) 4 (80) 2 (40) 3 (60)

Non-Hispanic Black 5 (33) 1 (20) 2 (40) 2 (40)

Non-Hispanic Asian 1 (7) 0 (0) 1 (20) 0 (0)

Hispanic 0 (0) 0 (0) 0 (0) 0 (0)

Education

High-school graduate or GED 1 (7) 0 (0) 0 (0) 1 (20)

Some college or technical school 5 (33) 1 (20) 3 (60) 1 (20)

College degree 3 (20) 2 (40) 0 (0) 1 (20)

Graduate or professional degree 6 (40) 2 (40) 2 (40) 2 (40)

Employment status

Full time 6 (40) 2 (40) 2 (40) 2 (40)

Part time 1 (7) 0 (0) 0 (0) 1 (20)

Retired 5 (33) 1 (20) 3 (60) 1 (20)

Disabled, not able to work 3 (20) 2 (40) 0 (0) 1 (20)

Insurance status

Individual plan 2 (13) 0 (0) 0 (0) 2 (40)

Group plan via employer 5 (33) 2 (40) 2 (40) 1 (20)

Medicare 8 (53) 3 (60) 3 (60) 2 (40)

Years with diabetes 21 6 15 16 6 9 27 6 19 20 6 15

Uses insulin 11 (73) 5 (100) 3 (60) 3 (60)

Most recent hemoglobin A1c 7.8 6 1.4 8.7 6 1.8 7.0 6 0.4 7.7 6 1.4

Health literacya

Adequate 8 (53) 2 (40) 2 (40) 4 (80)

Limited 7 (47) 3 (60) 3 (60) 1 (20)

eHealth literacyb 33 6 4 35 6 5 32 6 2 32 6 5

Years of MHAV use 8 6 6 9 6 5 10 6 9 5 6 0

Frequency of MHAV use

Weekly 6 (40) 2 (40) 3 (60) 1 (20)

Monthly 4 (27) 3 (60) 0 (0) 1 (20)

Other 5 (33) 0 (0) 2 (40) 3 (60)

Abbreviations: GED: General Education Development; MHAV: My Health at Vanderbilt.
aAssessed using a validated 1-item scale to identify patients with limited health literacy: “How confident are you filling out medical forms?” Response options

included 1¼ not at all, 2¼ quite a bit, 3¼ somewhat, 4¼ a little bit, and 5¼ extremely. Consistent with prior research, participants reporting any lack of confi-

dence (ie, response options 1–4) were classified as having limited health literacy.
bAssessed using the eHealth Literacy Scale (eHEALS). Possible score range: 5–40. One participant did not respond to this measure.
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74 (SD: 19; percentile ranking: 70%) and then increased to 93 (SD:

7; percentile ranking: 99.9%) in round 3. The decreased SUS scores

in round 2 may be attributable to concerns about “self-ordering”

versus “requesting” care and trust in the system which were not

expressed by participants in the first round. Those concerns were

addressed in round 3 (final) prototype which received the highest

mean SUS score.

Overall perceptions

Table 4 includes themes and representative quotes summarizing par-

ticipants’ overall perceptions of the intervention. In general, impres-

sions were very positive. Participants appreciated the reminder when

services were due which they said would make them more likely to

initiate the order for care. Most indicated they would use the system

in the real word. Participants also emphasized the novelty of the sys-

tem. Several pointed out how this process was different from how

they typically received tests and services. Lastly, there were a few

participants who said they might not use the program themselves.

These participants mentioned how they regularly attended doctor

visits so would just complete the tests there; however, they did still

point out the value for others.

Unconstrained alternative design
As referenced above, there were some layout concerns, involving

fixed elements of the EHR and our repurposing Epic’s questionnaire

template that we were unable to address in our revisions. Therefore,

we chose to explore an unconstrained design with round 3 partici-

pants at the end of their session. Although the changes reflected in

the unconstrained design were not possible in the current system,

our goal was to explore users’ reactions if these constraints were not

in place and possibly inform future EHR system upgrades. The main

changes in the unconstrained design included linking to additional

information (rather than including all information on the order

screen) and adding buttons that clearly designated where users

should click to request care (see Supplementary Figure S1). In round

3, after data collection for the primary design (reported above) was

complete, participants were presented with the unconstrained design

and asked for their thoughts and feedback. All 5 participants pre-

ferred the alternative design and agreed the information was clearer,

more concise, and easier to understand.

DISCUSSION

Principal findings
To improve the rates at which patients receive diabetes monitoring

and preventive services, solutions are needed that improve clinical

efficiency, are appropriate for patients with varying levels of health

literacy and are highly scalable and sustainable. We designed a novel

patient portal intervention to empower patients with diabetes to ini-

tiate orders for guideline-based diabetes monitoring and preventa-

tive care.45 We used a user-centered Design Sprint methodology to

design a prototype of the intervention and then conducted 3 rounds

of formative usability testing to iteratively identify and resolve

issues. Overall, task performance and usability ratings improved

from the initial to the final prototype. In addition, participants gen-

erally felt the tool had value and would facilitate receiving diabetes

services. Most concerns relevant to trust and content were resolv-

able; however, some layout issues could not be addressed due to

design constraints inherent to the EHR system.

Although still a relatively new concept, patient portal functional-

ity that allows patients to self-schedule appointments and initiate

clinical services is starting to emerge. A recent review explored bar-

riers and facilitators of patient self-scheduling in health care; how-

ever, none of the studies included in the review mentioned usability

testing.46 Considering low technology adoption and digital literacy

among certain groups,16,18,47 involving these users early in the

design process is imperative. Similar to our study, the review of

patient self-scheduling in health care did identify trust in the system

as 1 factor which would impact use. Unlike most studies in the

review which focus on self-scheduling appointments for general

health services, our intervention focuses on a specific disease context

and aims to improve understanding around the importance of serv-

ices relevant to that disease. Although we designed the system to tar-

get diabetes, it can be adapted for preventive care and monitoring of

other chronic diseases. This study reflects a first step in a larger plan

to eventually evaluate the effects of the intervention on patient out-

comes. By starting with formative testing, it helps ensure the inter-

vention meets users’ needs in advance of the trial and reduces the

chance that usability issues will interfere with efficacy.19,23,34

One of the challenges and advantages of our intervention was

working within constraints inherent to our vendor supplied EHR

system. Namely, participants requested changes to the interface

which we were unable to accommodate due to specifications of the

Table 3. Usability issues and respective solutions

Issue type and description Solution

Trust/Assurance

• Skepticism about the automated system Added language associating the initial To Do item and confir-

mation message with patients’ primary care doctor’s office

• Unclear how the system was integrated with the patient’s care team Added clarity in To Do item content of who on the care team

would be informed of test and exam results

Content

• Hesitancy about “ordering” care and preference for “requesting” care Changed wording

• Desire for a response option to decline “self-ordering” services Added response option

• To Do list item was difficult to understand and contained too

much information

Simplified language and clearly stated reasoning and impor-

tance for the care

Layout

• Unclear how to advance to next screen from the To Do item Changed wording

• Unclear how to enter dates for when services were completed Added functionality that allowed patients to type in the dates

• Confusion about the order/request care screen and confirmation

screen and where to click

Layout was inherent to system; tested alternative design to

explore usability/reactions when no constraints
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built system. Other researchers who embed interventions in patient

portals, may experience similar difficulties. However, there are sev-

eral advantages to leveraging existing functionality within an EHR

vendor’s system when developing interventions. Compared to exter-

nal builds (eg, SMART on FHIR apps) which can become out of

date or out of sync over time, an existing infrastructure already

present within the healthcare setting can help minimize costs and

greatly facilitate sustainability and scalability. Notably, the EHR

system influenced both our original prototype and our response to

usability issues. By testing our alternate design, with a layout uncon-

strained by an underlying EHR platform, we explored users’

reactions to a user-interface that could inform EHR vendors’ prod-

uct development. For structural issues we could not currently

change, we used findings to inform training materials and onboard-

ing processes for an upcoming clinical trial by emphasizing points in

the process known to create difficulties for patients.

Limitations
Our study has several limitations. First, our study included a small

number of participants recruited from a single, urban medical center

which may limit the generalizability of our findings. Despite a

smaller sample, our purposive sampling approach allowed

Figure 3. Selected screenshots of the final prototype.
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representation from older adults and those with limited health liter-

acy who tend to experience usability challenges. Our study did not

include participants who were Hispanic/Latinx, a community dis-

proportionately affected by type 2 diabetes; future work should

focus on increasing their representation. Task presentation order

was not counterbalanced which may have impacted our results;

however, this was necessary due to the nature of the tasks building

on the previous one. Observing participants while they interacted

with the prototype allowed us to uncover usability issues; however,

knowing they were being observed may have altered participants’

behavior (ie, Hawthorne effect). In addition, while the session facili-

tator stressed the importance and value of honest feedback including

criticism, participants’ statements and ratings of the app’s usability

may have been affected by a desire to please the research team (ie,

Figure 4. Prototype screenshots illustrating a layout change made in response to user feedback.

Figure 5. Task performance ratings in rounds 1 and 3. Task performance was high across rounds 1 and 2 for Interpret Eye Exam, Request Eye Exam, Eye Exam

Confirmation, and Compete Pneumonia Vaccine. Therefore, these tasks were not included in round 3 and are not shown in this figure.

JAMIA Open, 2023, Vol. 6, No. 2 9



social desirability bias). Relatedly, completing the usability sessions

remotely and not on an actual phone may have contributed to some

of the difficulty participants experienced with navigating the proto-

type. Additional research focused on patients’ real-world use of the

app, including user engagement over time, may reveal more about

the user experience.

CONCLUSIONS

Through iterative user-centered design and testing, we substantially

improved the usability of a patient portal intervention to help ensure

it works as intended so patients can reap its potential benefits. A

tool that engages and empowers patients to self-order disease moni-

toring and preventative services as part of their existing patient por-

tal account has potential to enhance completion of recommended

health services and improve clinical outcomes. We hope this innova-

tive approach allows for improved disease self-management support

while enhancing access to health services between visits.
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