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Abstract

Improving access to HIV testing among youth at high-risk is essential for reaching those who 

are most at risk for HIV and least likely to access healthcare services. This study evaluates 

the usability of mLab, an app with image-processing feature that analyzes photos of OraQuick 

HIV self-tests and provides real-time, personalized feedback. mLab includes HIV prevention 

information, testing reminders and instructions. It was developed through iterative feedback with a 

youth advisory board (N=8). The final design underwent heuristic (N=5) and end-user testing 

(N=20). Participants completed think-aloud protocols with use-case scenarios. Experts rated 

mLab following Nielsen’s heuristic checklist. End-users used the Health Information Technology 

Usability Evaluation Scale. While there were some usability problems, overall study participants 

found mLab useful and user-friendly. This study provides important insights into using a mobile 

app with imaging algorithm for interpreting HIV test results with the ultimate goal of improving 

HIV testing and prevention in populations at high-risk.
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Mobile health (mHealth) is an increasingly popular platform for delivery of health 

interventions, especially those targeting young adults, since smartphones are a favored 

communication tool among this population (Lenhart, Ling, Campbell, & Purcell, 2015; 

Pew Research Center, 2018; Sheehan, Lee, Rodriguez, Tiase, & Schnall, 2012; Silver, 

2019; Ybarra et al., 2017). Additionally, mHealth applications can be useful for reaching 

marginalized groups, like young men who have sex with men (YMSM) who may be less 

likely to access care in person for fear of stigma or discrimination (Beach et al., 2018; 

Catalani, Philbrick, Fraser, Mechael, & Israelski, 2013; Devi et al., 2015; Rossman & 

Macapagal, 2017). This is especially important as YMSM have high incidence of HIV in the 

United States (US). To illustrate, in 2018, adult and adolescent MSM made up 69% of all the 

new HIV diagnoses in the US and its dependent areas (Dailey et al., 2020).

HIV at-home testing interventions may help reduce barriers to accessing HIV testing and 

related services. However, there are concerns among MSM that while completing HIV 

self-testing at home they could misinterpret their results or perform the test incorrectly 

(Legrand et al., 2017; Schnall, John, & Carballo-Dieguez, 2016; Zhong et al., 2017). 

mHealth interventions serve as a promising avenue for overcoming these HIV testing 

barriers and increasing testing rates in YMSM (LeGrand, Muessig, Horvath, Rosengreen, 

& Hightow-Weidman, 2017). In the past decade, there has been an increase in mHealth 

interventions targeting HIV prevention (Catalani et al., 2013; Forrest et al., 2015). However, 

these interventions are often not developed using a rigorous design process to ensure 

usability (Bevan, Carter, Earthy, Geis, & Harker, 2016; Davis, Gardner, & Schnall, 2020; 

Nguyen et al., 2019).

Given the importance of testing in the HIV care continuum, apps promoting HIV testing, 

particularly among youth at high-risk of HIV, like YMSM, are an important area for 

developing health interventions. However, a recent review of over 100 eHealth interventions 

found less than half of the interventions were designed for HIV negative individuals, 

and less than a quarter of the interventions linked people to care (Maloney, Bratcher, 

Wilkerson, & Sullivan, 2020). Additionally, only 37% of interventions were designed 

for young adults, illustrating the need for HIV prevention apps for YMSM, our target 

population (Maloney et al., 2020). Furthermore, the number of usability studies evaluating 

e-Health HIV interventions focusing on at-home HIV testing and linkage to care among 

YMSM is also limited. A comprehensive review of usability evaluation methods in eHealth 

HIV interventions yielded only 28 studies that assessed eHealth usability, and none of 

the interventions specifically focused on both HIV at-home testing and linkage to HIV 

information and care (Davis, Gardner, & Schnall, 2020). This small number of interventions, 

with none centering on HIV at-home testing and linkage to HIV information and care, helps 

illustrate that the lack of eHealth HIV prevention studies focusing on testing and linkage to 

and the need for rigorous usability testing.

In this paper, we report on the user-centered design process to improve the usability of 

the mLab App (Jaspers, 2009; Schnall et al., 2016; Tan, Liu, & Bishu, 2009). Conducting 

usability studies of an iterative design process is essential for ensuring the usability of an 

HIV prevention app (Hayat & Ramdani, 2020; Kushniruk, Senathirajah, & Borycki, 2017).
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Methods

The mLab App consists of educational HIV prevention information, automated testing 

reminders, instructions for at-home HIV testing, and an image processing algorithm. This 

image processing algorithm enables end-users to upload photographs of their OraQuick 

at-home HIV test result and receive real-time feedback displaying results on a subsequent 

window with information personalized to users’ test results. Before the usability evaluation, 

a youth advisory board (YAB) comprised of eight community members representative of 

our target population reviewed initial iterations of the App developed by our research team 

and made modification recommendations. The final iteration of the mLab App designed by 

the YAB was tested during the usability evaluation with informatics experts and potential 

end-users (i.e. YMSM) in individual research sessions. The experts performed a think-aloud 

protocol while completing a set of tasks known as “use-cases” during their individual 

research sessions. The use-cases were used to help evaluators find usability problems and 

categorize and rate the severity of the issues. The experts’ review also provided a means 

for comparing the experts’ experience using the App with those of the end-users, creating a 

more comprehensive evaluation. Experts rated the mLab App and the tasks they completed 

following Nielsen’s heuristic checklist. End-users also participated in the same think-aloud 

protocol and use-case scenario as the heuristic evaluators to find and rate usability problems 

during their individual research sessions. End-users rated the usability of the tasks they 

completed in the use-case scenario using the Health Information Technology Usability 

Evaluation Scale (Schnall, Cho, & Liu, 2018).

Study activities took place from January-August 2019. The FDA issued an Investigational 

Device Exemption to use the mLab App since the image-processing algorithm is authorized 

for investigational purposes only. The Institutional Review Boards at Lurie Children’s 

Hospital and Columbia University approved all study activities; all participants consented 

before participating in research activities and were compensated for their participation.

Youth advisory board

Sample selection.—The YAB was comprised of eight YMSM. They were recruited 

from the Mailman School of Public Health or were former study participants of Columbia 

University School of Nursing (CUSON) research studies. All YAB members were 18- to 

29-year-old MSM, reflecting the demographic of the study population. The YAB meetings 

took place at CUSON.

Procedures.—Members of the YAB met four times from January-March 2019. At each 

meeting, the research coordinator demonstrated use of the mLab App and each of the 

mLab’s components while the YAB provided feedback. The YAB sessions were audio 

recorded, and the coordinator recorded field notes. After each meeting, the software 

developer and graphic designer worked together to update the App based on suggestions 

from the YAB. Following each update, YAB members re-convened to review the revised 

version of the App.
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Heuristic evaluation

Sample selection.—Five experts in human-computer interaction evaluated the mLab 

App. The sample was chosen based on Nielsen’s recommendation to include three-to-five 

experts to achieve saturation in identifying usability flaws (Nielsen & Molich, 1990 ). The 

heuristic evaluators were faculty and IT Directors from the New York-Presbyterian Hospital 

or CUSON with an average of 17 years of informatics experience (range 7–35 years). These 

heuristic evaluators were invited to join because of their expertise in IT and human-computer 

interactions. All sessions took place on the Columbia University Medical Center campus.

Procedures.—Heuristic evaluators participated in usability study visits and completed a 

think-aloud protocol (Bertini, Gabrielli, & Kimani, 2006). Evaluators were first given a 

mLab App login and asked to complete an OraQuick HIV home test. Experts were then 

asked to complete the use-cases tasks. The use-case tasks were: watch the OraQuick video in 

the App, take the OraQuick test, read test results and enter their interpretation of the visual 

results into the App, upload a picture of the OraQuick test into the App, receive results 

from the mLab App algorithm, check for nearby services, contact the mLab App team 

to ask a question and check the inbox, check the testing history and timeline, and finally 

watch videos on PEP and PrEP in the “learn” section of the app. The Heuristic evaluators’ 

OraQuick tests provided data to test the App’s image upload and interpretation feature. 

As evaluators completed use-case tasks, they described what they were thinking, feeling, 

seeing, and doing. Morae software captured all verbal comments and movements of what 

participants did on their phones while completing the use-case scenarios. Morae software 

was used by the research team to review the recordings and analyze task completion to 

assess if the App was usable and if users could complete the principal functions of mLab 

App. The research team members (GF, BB) conducting the study visits also took field notes. 

The goal of having heuristic evaluators complete a think-aloud protocol was to compare 

their process and experience with those of the end-users.

Instruments.—After completing the use-cases, usability experts completed a demographic 

survey and Nielsen’s heuristic checklist for usable interface design (Bertini et al., 2006). The 

completion of the use-case tasks was compared to Nielsen’s heuristic checklist and rated on 

a scale from 0–4, where 0 indicates no usability problem, the App is ready for use, and 4 

being usability catastrophe meaning this problem must be immediately addressed (Bertini et 

al., 2006).

Data Analysis.—The mean severity scores were calculated for each of the 10 heuristic 

principles following Nielsen’s heuristic checklist identifying the usability problems found 

during the completion of the use-case tasks (Mack & Nielsen, 1994). Morae recordings of 

the heuristic evaluation session and evaluator comments were reviewed by research team 

members (GF, BB). The recordings were organized by mLab’s central tasks (e.g. clicking on 

start timer, uploading images to mLab App, getting results on the results page, and checking 

for nearby services) and analyzed based on the overall task success. Task success rate was 

included in this heuristic evaluation to provide a more comprehensive understanding of the 

severity of the usability problems. Task success rate was evaluated based on the participant’s 

ability to complete the assigned task without assistance from the research team member (GF, 
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BB) administering the visit. The tasks were categorized based on the Morae software’s task 

completion categories. A task was classified as “completed with ease” if the participant did 

not require guidance. If participants asked the research team members (GF, BB) questions 

on how to complete the assigned task, they were labeled as “completed with difficulty.” 

Only participants who could not complete the task, even with the research team members’ 

(GF, BB) help, were labeled as “failed to complete.” These different task ratings along with 

the Morae recordings and completion of Nielsen’s heuristic checklist help to identify central 

areas of usability concern for improving the App.

End-user testing

Sample selection.—Eligibility criteria included: 18–29 years of age, assigned male sex at 

birth of any current gender identification, understand and read English, sexually active and 

at risk for HIV infection per Centers for Disease Control and Prevention (CDC) guidance 

(e.g., recent anal sex with men), smartphone ownership, and self-report being HIV-negative 

or unknown status (Centers for Disease Control and Prevention, 2019). A sample size of 

20 participants was determined based on prior studies’ evidence of adequacy in identifying 

usability issues (Faulkner, 2003). Recruitment occurred through Instagram posts, posting 

flyers at community-based organizations, and recruiting from a REDCap database of past 

volunteers who expressed interest in research with CUSON.

Procedures.—During usability study visits, participants first completed a self­

administered electronic survey which collected information on the participants’ technology 

use, health literacy, PrEP and PEP exposure, and HIV testing. After the first survey, 

participants completed an OraQuick test and followed the same use-case tasks as the 

heuristic evaluators. Like the heuristic evaluators, they were recorded using Morae software 

and followed the same think-aloud protocol for easy comparison.

Instruments.—Following the think-aloud protocol, participants completed the Health 

Information Technology Usability Evaluation Scale (Health ITUES). The Health ITUES 

is a 20 item Likert scale question, allowing alterations at an item level to match the specific 

task/expectation and health IT system while keeping the construct level standardized with 

higher scores indicating better App usability (Schnall et al., 2018). Health ITUES were 

used for this analysis as it is an instrument which has been validated for use in mHealth 

technologies (Schnall et al., 2018). The sociodemographic characteristics or the testing 

history of end-users were not linked to their subscore.

Data analysis.—The study team reviewed and organized each session’s Morae recordings, 

analyzing the task success rate of the defined tasks which were also completed by the 

heuristic evaluators (Table 3). The task success rate was evaluated based on the user’s ability 

to complete the assigned task without guidance from the research team member conducting 

the visit. Two research team members (GF, BB) also reviewed the Morae recordings of 

the end-users and identified common usability concerns, positive feedback, and areas of 

improvement.
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Results: Youth Advisory Board

The YAB provided feedback and created the final version of the mLAB App that heuristic 

evaluators and end-users tested. Their feedback primarily centered around graphic design 

enhancements and content development in the App.

Graphic design enhancements.

YAB members provided iterative feedback on the user interface of the initial App developed 

at each of their four meetings. A consistent point of feedback was the design of the 

login screen, particularly the color scheme and font. Additionally, the testing timer was 

revised with each iteration. The YAB recommended the testing timer be visible but not 

overshadowing in order to not make participants feel nervous. As seen from Figure 1 below, 

the timer’s design went through several iterations ending with a small timer appearing on the 

upper right-hand corner of the App.

Youth advisory board app development: Content development.

The YAB also contributed to the App’s “learn” section. The YAB suggested including more 

information about HIV risk, treatment, biomedical prevention, and improving the interface 

by including visual graphics. Based on these recommendations, additional revisions were 

made to expand the content and the interface was updated to include a search function, 

collapsible details, and incorporation of infographics, links to articles and videos on the 

content areas.

Results: Heuristic Evaluator

All heuristic evaluators were cisgender females (n=5). Each visit took approximately two 

hours to complete. Mean severity scores were based on Nielsen’s 10 usability heuristics and 

ranged from 0.2–2.6 (Table 1) (Nielsen, 1992; Nielsen & Molich, 1990 ). The heuristic 

evaluators also engaged in think-aloud procedures during their heuristic evaluation to 

complement their mean severity scores and to help identify usability problems. The heuristic 

evaluation mean severity scores were used to categorize the usability problems found in the 

App and helped to rate the severity of the issue.

Usability Problem: User Control and Freedom

The heuristic principle identified with the highest (i.e., worst) mean severity score was “user 

control and freedom” (Mean 2.6, SD 1.1). An example of poor user control and freedom in 

the App is the testing timer. Initially, the testing timer lived locally within the user’s browser, 

creating the unintended consequence of requiring users to keep their device’s browser open 

to the App. If the participant exited the App, the timer stopped, not allowing participants to 

read their results within accurate time windows.

Usability Problem: Visibility of System Status

Another high mean severity score was “visibility of system status” (Mean 2.2, SD 1.1). 

Experts had trouble uploading images of their OraQuick tests to the App for the algorithm to 
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read. Many found the language difficult to understand and were unsure if they uploaded the 

pictures correctly or if the image was acceptable.

Usability Problem: Help and Documentation

In terms of the usability factor “help and documentation” (Mean 1.4, SD 0.9), the 

connection was unclear between how the user would use the App in conjunction with the 

OraQuick tests. One evaluator stated:

When we look at some of the standard heuristic principles, the two, the two that I 

think have the most issue are…well, there are three because there is the mapping, 

the mental model between the actual test kit and mLab, there is the recovery from 

errors, and then navigation is not as clear as it needs to be.

Results: End-users

Twenty end-users participated (10 Chicago; 10 New York City). The mean age was 24.25, 

ages ranging between 18–29 years. The end-users were 55% White, 20% Black or African 

American, 15% Asian or Asian American, and 20% multiracial. 45% of participants 

completed some college, and 35% had an undergraduate degree.

End-user Health-ITUES Usability Problems

The Health-ITUES results are listed in Table 2. The Health-ITUES scores allow for broad 

identification of usability issues. The scale that scored the highest (i.e. best) for the end­

users was perceived ease of use, capturing the user-system interaction (Schnall et al., 

2018). The scale with the lowest (i.e. worst) score was the user control scale, corroborating 

the heuristic evaluators’ ratings in their heuristic evaluation mean severity scores. The 

sociodemographic characteristics or the testing history of end-users were not linked to their 

subscore.

End-user Qualitative Feedback

In addition to the Health-ITUES, we used the Morae audio recordings for our qualitative 

analysis. Most end-users found the service-locator feature very useful. One participant 

stated:

I think the finding service thing is really useful though because I can’t tell you 

how many times I’ve been (looking), maybe not just for HIV stuff, but just for like 

healthcare information and stuff. It’s good to have an easy portal.

Many of the participants also found the results feature reassuring, providing an added layer 

of confirmation. One end-user mentioned:

It’d be a really useful tool. If I was ever to do another HIV home test, I would 

use the [mLab] app, especially to take a photo of the result and to get the second 

confirmation.
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End-user Task Completion

In addition to end-user feedback, four primary tasks were coded and analyzed for success 

rate (Table 3). These were the same four tasks that were analyzed during the heuristic 

evaluation and were selected because they are the four central tasks of the App that lead 

to other app procedures. Without completing these tasks, users could not complete the 

remaining tasks in the use-case scenarios. These tasks were assessed for completion success 

rate to understand the usability of the App and identify potential usability problem areas 

for the App developers to address before testing the efficacy of the App in a randomized 

controlled trial.

Of the 25 participants (end-user, n=20; heuristic experts, n=5), 92% were able to check 

for nearby services with ease, without prompting from research team members (GF, BB) 

administering the study visit. Furthermore, 84% started the timer with ease, while 16% 

completed the task with some difficulty. Additionally, 60% of the total participants uploaded 

the image to the App, while 12% failed to complete this task. One end-user expressed 

frustration after the timer reset when he exited the App:

Fix that timer guys…Because if that timer was at 5 minutes left and then you 

did something and then I came back, that’ll just mess everything up…you need to 

make it ‘stupid-proof’ and this is one the things that you need to do to make it 

stupid-proof.

Results: App Updates from Testing Feedback

This feedback from Health-ITUES rating, think-aloud protocol, task success rate, and 

heuristic mean severity scores together provide the App developers with a details on features 

needing improvement. This usability evaluation’s informed updates to the App. One update 

included moving the OraQuick testing timer to the webserver, which allows participants 

to navigate through the App and exit it without interfering with the timer. To improve 

“help and documentation,” an overlay walk-through was created assisting users the first 

three times they enter mLab, and is also available anytime through a button on the home 

screen. The overlay helps to bridge the gap between the OraQuick device and the mLab 

Application, showing participants how to use the App in conjunction with the OraQuick 

test. Additionally, several end-users and heuristic evaluators described the image uploading 

language for the App as ambiguous, which may explain why 28% of participants reported 

difficulty uploading their OraQuick test image. Based on heuristic and end-user suggestions, 

the image uploading directions were updated to be more explicit. However, this was changed 

to follow the FDA’s guidance which required us to include additional details even though 

this did not align with our participants’ preferences.

Discussion

Using technology to provide support for HIV self-testing has the potential to increase HIV 

testing uptake among YMSM (LeGrand et al., 2017). This paper focuses on a multi-method, 

user-centered design approach to evaluate the usability of the mLab App. Although the 

findings yielded feedback on specific areas needing improvement, overall, participants 
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found mLab highly usable receiving high scores on validated usability scales. Participants 

commented on how they enjoyed using the App, and the secondary confirmation the imaging 

algorithm provided with future action steps. This feedback shows that the mLab App met 

the study’s overarching goal to develop an HIV prevention app that could help users better 

understand their HIV results and link people to HIV information and services.

Our study is distinct in the field of mHealth usability evaluations. The study population 

represents an underrepresented group of end-users -- young sexual minorities at high-risk 

for acquiring HIV in their lifetime (Rasberry et al., 2018; Wood, Lee, Barg, Castillo, & 

Dowshen, 2017). Additionally, despite the extensive use of apps by youth, few apps are 

designed or evaluated by YMSM (Zapata, Fernández-Alemán, Idri, & Toval, 2015). In a 

2015 review of 285 HIV and AIDS smartphone apps, 7% of apps were developed for MSM 

(Sullivan, Jones, Kishore, & Stephenson, 2015). While technology-based interventions 

promoting at-home HIV testing have increased, the interventions do not include all the 

features available in mLab (LeGrand et al., 2017). For example, one study used video 

conferencing to provide pre and post-test counseling and support for at-home testing 

(Maksut, Eaton, Siembida, Driffin, & Baldwin, 2016). Another study used an app to 

prompt a follow-up call for post-test counseling and linkage to care once the home-test 

was opened (Wray, Chan, Simpanen, & Operario, 2017). A study in Seattle and Atlanta 

focused on prevention recommendations, ordering HIV self-tests and condoms, reminders, 

and service locators (Sullivan et al., 2017). However, none of the interventions provided HIV 

testing information, linkage to care, and result interpretation in one central mobile health 

application, which has been achieved through the development of the mLab App.

The innovation of this approach is grounded in the image-processing algorithm and the 

multi-method, user-focused usability evaluation process. This is highlighted by a recent 

comprehensive literature review of usability evaluations of eHealth HIV interventions, which 

yielded 128 full-text articles from 2005–2019 (Davis et al., 2020). However, only 28 articles 

described usability evaluations, with just five studies conducting think-aloud protocols with 

end-users and experts and only five studies using use-case scenarios (Davis et al., 2020). 

Only two studies addressed HIV at-home testing in the field of HIV prevention (Davis 

et al., 2020). Both studies only used one method of evaluation, questionnaires, and only 

one study used a validated questionnaire, the System Usability Scale, illustrating a lack 

in the literature on current mix-methods eHealth usability evaluations (Davis et al., 2020; 

Sullivan et al., 2017). The mLab usability study expands the current literature by providing 

an example of a multi-method evaluation of an innovative HIV testing intervention using 

validated questionnaires, think-aloud protocols, and use-case scenarios. This study provides 

a potential framework for future multi-method eHealth usability studies to follow. In 

addition to providing a framework for future evaluations, the innovative imaging algorithm 

while currently being used for YMSM in HIV at-home testing purposes, could be tried 

in various other populations at risk of HIV infection and has the potential to also expand 

beyond HIV testing and move into reading and processing other at-home medical tests.
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Limitations

A limitation of our evaluation was that our sample was primarily recruited from a database 

that included participants who had either expressed interest in future studies or had 

participated in past research with CUSON. Since most participants had previously expressed 

interest in research, they may be more interested in HIV prevention and health management 

than their peers. Additionally, all heuristic evaluators were assigned female sex at birth, not 

representative of our target population. Since the heuristic evaluators are not representative 

of our target population, their experience interfacing with the App could be different as 

the App was targeted towards another population. Despite these limitations, we were able 

to identify areas of improvement to refine the mLab App further and test the imaging 

algorithm.

Conclusion

The feedback from the YAB, end-users, and expert evaluators led to graphic design 

enhancements and updates to both the content and functional features of the mLab App. 

Both informatics experts and end-users described the App as helpful in organizing at-home 

testing, aesthetically pleasing, and easy to use. Feedback from this usability evaluation 

informed the refinement of the mLab App, which is currently being tested in a multi-site, 

12-month efficacy trial. This study expands the current literature on usability evaluation of 

at-home HIV testing apps by having both end-users and heuristic evaluators use validated 

measures to evaluate a new, comprehensive HIV testing and prevention App. This usability 

evaluation provides essential insights into using imaging algorithms to help users understand 

their results in both the field of HIV testing and other medical testing fields and has the 

potential to centralize HIV self-testing.
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Figure 1. 
mLab App Timer Developments
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Table 1

Heuristic Evaluation Mean Severity Scores
a

Heuristic Principle Mean SD

User control and freedom 2.6 (1.1)

Visibility of system status 2.2 (1.1)

Match between system and the real world 1.4 (1.1)

Error prevention 1.4 (1.1)

Help and documentation 1.4 (0.9)

Consistency and standards 1.2 (1.0)

Flexibility and efficiency of use 1.2 (1.3)

Recognition rather than recall 1.0 (1.0)

Help users recognize, diagnose, and recover from errors
b 0.75 (0.9)

Aesthetic and minimalist design 0.2 (0.4)

a
Rating score from 0=best to 4=worst; no usability problem (0), cosmetic problem only (1), minor usability problem (2), major usability problem 

(3), usability catastrophe (4).

b
4 out of 5 evaluators answered the question
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Table 2

Health-ITUES Scores (n=20)
a

Scale Mean (SD)

Impact 4.2 (1.2)

Perceived usefulness 4.1 (1.2)

Perceived ease of use 4.4 (0.9)

User control 3.6 (1.2)

Overall health-ITUES score 4.1 (1.1)

a
Rating is based off a five-point Likert scale with five being the highest or best score.
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Table 3

Task Success Rate (n=25)
a

Task Percentage completed with ease
Percentage completed with 
difficulty Percentage failed to complete

Click on start timer 84 16 0

Upload image to mLab app 60 28 12

Get your results on the results page 80 4 16

Check for nearby services 92 0 8

a
The task success rate percentages include attempts by both heuristic evaluators and end-users
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