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Abstract

Background: Health consumers are increasingly taking a more substantial role in decision-making and self-care regarding their
health. A range of digital technologies is available for laypeople to find, share, and generate health-related information that
supports their health care processes. There is also innovation and interest in home testing enabled by smartphone technology
(smartphone-supported home testing [smart HT]). However, few studies have focused on the process from initial engagement to
acting on the test results, which involves multiple decisions.

Objective: This study aimed to identify and model the key factors leading to health consumers’ engagement and enablement
associated with smart HT. We also explored multiple levels of health care choices resulting from health consumer empowerment
and activation from smart HT use. Understanding the factors and choices associated with engagement, enablement, empowerment,
and activation helps both research and practice to support the intended and optimal use of smart HT.

Methods: This study reports the findings from 2 phases of a more extensive pilot study of smart HT for viral infection. In these
2 phases, we used mixed methods (semistructured interviews and surveys) to shed light on the situated complexities of health
consumers making autonomous decisions to engage with, perform, and act on smart HT, supporting the diagnostic aspects of
their health care. Interview (n=31) and survey (n=282) participants underwent smart HT testing for influenza in earlier pilot
phases. The survey also extended the viral infection context to include questions related to potential smart HT use for SARS-CoV-2
diagnosis.

Results: Our resulting model revealed the smart HT engagement and enablement factors, as well as choices resulting from
empowerment and activation. The model included factors leading to engagement, specifically various intrinsic and extrinsic
influences. Moreover, the model included various enablement factors, including the quality of smart HT and the personal capacity
to perform smart HT. The model also explores various choices resulting from empowerment and activation from the perspectives
of various stakeholders (public vs private) and concerning different levels of impact (personal vs distant).

Conclusions: The findings provide insight into the nuanced and complex ways health consumers make decisions to engage
with and perform smart HT and how they may react to positive results in terms of public-private and personal-distant dimensions.
Moreover, the study illuminates the role that providers and smart HT sources can play to better support digitally engaged health
consumers in the smart HT decision process.

(JMIR Mhealth Uhealth 2022;10(6):e34685) doi: 10.2196/34685
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Introduction

Emerging Smartphone-Enabled Home Testing
“If we can get a test that everyone wakes up and, just like they
put in their contact lenses, they take a test, and if it turns
positive, they stay at home...it will stop the vast majority of
transmission and cause these outbreaks to disappear in a matter
of weeks” [1].

Health consumers are increasingly taking a more substantial
role in decision-making and self-care of their health [2,3]. This
role includes using home-based diagnostic tests (also called
home tests, self-tests, or home-use tests), where new
technologies can expand and enhance our ability to “examine
the body’s inner workings and preoffer an exact explanation of
the person’s present medical condition” [4]. Home testing is
convenient and enhances the efficiency of obtaining test results.
Home tests are generally publicly available (eg, can be sold
over the counter). They allow health consumers to obtain and
test self-collected specimens from their location. Home test
consumers can interpret test results independently without the
help of trained health professionals [5]. Home tests differ from
home collection kits (eg, 23AndMe), which require individuals
to self-collect samples at home, mail them to a laboratory or
clinic for analysis, and obtain the results via phone or a
web-based portal. The more immediate results of home testing
also potentially help to avoid the spread of infections [6].
Currently, numerous biotechnical institutions are targeting new
frontiers in self-diagnostic innovations for viral infections that
aim to be client centered, technically robust, and financially
affordable [7-9].

Health information technology (HIT) is now seen as a
fundamental aspect of patient care as it stimulates patient
engagement and encourages personal health management [10].
Furthermore, health care providers increasingly demand patient
interaction with digital health technologies to enroll in care,
access personal health information, communicate with providers,
and monitor health [11]. Coupling technology with testing
supplies needed to obtain specimens (eg, tubes, containers and
swabs) for home tests can support and reinforce the decision
process and ultimate health care path resulting from diagnostic
testing. Specifically, smartphone-supported home testing (smart
HT) is receiving increasing interest and can give health
consumers the ability to play a more active role in the testing
experience [12-14].

Smart HT content and features support engaged health
consumers in testing safely and independently in their homes,
learning how to manage their illness based on test results,
learning how to manage the spread, and sharing test results for
personal or public health networks electronically [15,16]. Smart
HT may be particularly promising to support personal and public
health concerns (ie, contribute to public health surveillance and
management) related to respiratory viruses, such as influenza
and COVID-19. Furthermore, smart HT may leverage new

convenient means of connecting to care options, potentially
minimizing the spread of respiratory viruses. Specifically, a
smart HT accommodating a telemedicine encounter allows
enabled health consumers to act on results through an at-home
connection with health providers, thereby expediting suitable
personal care and minimizing contact with others when
quarantine is appropriate.

Consumer health tools, including smart HT, must be effectively
designed and used [10]. Therefore, it is increasingly important
to understand consumer HIT patterns, including who uses
specific technologies, how technologies are accessed, factors
associated with their use, and perceived and actual benefits [10].
Regarding the practicalities of home testing success, there is an
underlying assumption that the home-based tester is engaged
in the testing process, enabled to perform the test, and
empowered to act in ways conducive to their health (and the
health of others) after receiving results. These assumptions
involve multiple critical decisions that health consumers must
make regarding acquiring the test, self-performing the diagnostic
test, and choosing healthy choices and behaviors after testing
(particularly in response to positive test results).

Smart HT Empowerment and Activation Journey
For infectious disease management, the goal of using smart HT
is for individuals to receive test results and take the best course
of action based on their test results for themselves and society.
A holistic understanding of this journey is required for smart
HT to positively affect both individual and public health. Indeed,
feasibility cannot be genuinely achieved until health consumers
intending to use smart HT are aware, engaged, and empowered
and ultimately respond actively to the test results.

Figure 1 illustrates a patient engagement, enablement,
empowerment, and activation process model (hereafter referred
to as the Smart HT–Empowered Activation Model) informed
by work, resulting from an extensive literature review of these
states by Fumagalli et al [17]. This process model was adapted
to the context of smart HT. The path to empowered activation
includes healthy consumers’ responses to critical personal
assessments, leading to emergent states of engagement,
enablement, and empowerment. Our model shows that achieving
each state is ultimately based on a series of autonomous
assessments in response to the following types of questions:

• Am I motivated to engage with the test? (state of
engagement)

• Am I enabled to perform the test? (state of enablement)
• How am I empowered to act on the results of the test? (state

of empowerment and activation)

It is important to note that this process model assumes that a
health consumer is aware of and has access to smart HT.
Awareness of smart HT can result from the potential user being
the recipient of marketing or trial recruitment efforts (eg,
through trial enrollment, marketplace, and provider) that
promote the acquisition of smart HT. The factors associated
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with awareness have been addressed in prior research [14,18].
Health consumers who are aware of and have access to smart
HT can become engaged, enabled, empowered, and activated

through smart HT use (as illustrated in Figure 1). Descriptions
of these emergent states (engagement, enablement,
empowerment, and activation) are presented in Textbox 1.

Figure 1. Smartphone-supported home testing (Smart HT)–Empowered Activation Model (research questions, RQ's, highlighted).

Textbox 1. Descriptions of engagement, enablement, empowerment, and activation.

Engagement

• Engagement refers to individual motivation to participate in self-management behaviors.

Enablement

• Enablement comprises 2 components:

• having appropriate knowledge, skills, and abilities to understand one’s health condition and make decisions.

• having appropriate contexts to learn such knowledge, skills, and abilities

Empowerment and activation

• Empowerment is a consequence of enablement and engagement and takes a form of an emergent state and process:

• As an emergent state, empowerment allows individuals to have an active role in their own care.

• As a process, empowerment is a process of “activating” individuals, indicating that someone gains knowledge of how to manage their health
condition and access appropriate health care.

Note: Descriptions derived from a literature review performed in Fumagalli et al [17].

According to Fumagalli et al [17], engagement and enablement
are critical for achieving empowerment and activation. In the
context of smart HT, engaged health consumers are those who
develop the motivation to engage with smart HT, specifically
to test for their health condition by using smart HT. However,
engagement alone is not sufficient to achieve empowerment
and activation, as it is also essential for health consumers to
become enabled. Enabled health consumers have the appropriate
knowledge of how to complete smart HT and the capacity to
perform the test. In the context of smart HT, the technological
aspect of the test is an important component supporting health

consumers’ efforts to complete the test successfully. Therefore,
various characteristics of technology need to be considered
when exploring enablement.

As health consumers acquire engagement and enablement, they
achieve an emergent state of empowerment and activation.
When viewed as an emergent state, empowered health
consumers possess a higher level of power and appreciation for
their role in the health care process [17]. An activated patient
is “someone who has...the skills and behavioral repertoire to
manage their condition, collaborate with their health providers,
maintain their health functioning, and access appropriate and

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e34685 | p. 3https://mhealth.jmir.org/2022/6/e34685
(page number not for citation purposes)

LeRouge et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


high-quality care” [17]. Empowerment and activation can be a
recursive process for smart HT as initial empowerment may be
fueled by individual steps completed successfully as smart HT
testing is enacted, which further fuels empowerment for
downstream steps.

When empowerment is coupled with activation, possession of
knowledge, skills, attitudes, and self-awareness can improve
individuals’ life situations. In the context of smart HT, health
consumers become empowered to enact behaviors that could
affect them personally (eg, self-care) and affect the public (eg,
self-isolation to prevent spread) upon receiving positive test
results.

The attainment of enablement and engagement is affected by
multiple factors. The extensive literature that informed the model
in Figure 1 provides some insight into the basic concepts and
definitions of engagement, enablement, empowerment, and
activation (Textbox 1) [17]. However, we still have a limited
understanding of the factors affecting health consumers’ path
toward engagement and enablement and health consumer
choices resulting from empowerment and activation.

HIT studies that address the antecedents of consumer health
technology use [19-21] do not generally distinguish the factors
related to moving toward states of engagement and enablement.
Instead, these HIT studies tend to focus on demographic factors
(eg, race, sex, and socioeconomic status), health conditions (eg,
overweight or obese), or adherence to healthy behaviors (eg,
eating or physical activity patterns) holistically affecting
adoption without recognizing the emergent states in the process
leading to use or acceptance [21-25]. Furthermore, the literature
on HIT adoption does not explore the various pathways for
smart HT–empowered action. Therefore, in the case of smart
HT, we know little about consumers’ choice of options and
intentions once enabled by the test results. Thus, to fully uncover
and understand consumer patterns, it is imperative to understand
the factors influencing the enablement and engagement states
and the movement to the empowerment and activation process
and emergent states.

This study aimed to gain a deeper understanding of the process
related to achieving patient activation for smart HT by
understanding the factors that affect decisions to move along
the empowered activation process. We addressed this
exploration in the context of respiratory viral infection (RVI),
which is a serious public health threat [26], meriting smart HT
exploration and consideration. We specifically targeted the 3
decision points, particularly interactions with smart HT, by
addressing the following research questions (RQs):

• RQ1: For a health consumer aware of smart HT for RVIs,
what factors lead to the emergent state of engagement with
smart HT?

• RQ2: For a health consumer aware of smart HT for RVIs,
what factors lead to the emergent state of enablement to
perform smart HT?

• RQ3: For a health consumer who is enabled and engaged
with smart HT for RVIs, what choices result from the
emergent state of empowerment to act upon the results
(particularly positive test results) obtained through smart
HT?

Methods

Study Overview
The focus of this project is a pilot study of an innovation called
flu@home, a smart HT for influenza. This flu@home pilot is
part of a more extensive research study called the Seattle Flu
Study, which explored the feasibility of using home-based
testing for the surveillance and public health management of
viral outbreaks [27,28]. The flu@home smart HT contains 2
major components: a mobile app and an influenza test kit. The
mobile app was designed to screen participants experiencing
influenza-like illness (ILI) symptoms and facilitate testing of
participants. Once screened, the participants used the app to
consent to the research protocol and order their influenza test
kit. The influenza test kit included materials adapted from an
existing point-of-care lateral flow test called the QuickVue
Influenza A+B test (Quidel Corporation). Once participants
received the influenza test kit, the mobile app gave them
instructions to complete the self-test.

The flu@home pilot comprised four phases: (1) flu@home
smart HT usability study, (2) trial of flu@home, (3)
semistructured interviews regarding the experience of using
flu@home, and (4) a survey of those who used flu@home.
Figure 2 summarizes the 4 phases of the study and describes
the objectives of each phase.

Phase 1 (the flu@home smart HT usability study) focused on
the development of flu@home to meet usability standards.
Participants from phase 1 usability assessments used to inform
the software development were not recruited for the subsequent
phases.

After the development of flu@home, phase 2 (trial of
flu@home) was conducted to determine its accuracy. During
phase 2, the participants had a chance to experience the actual
flu@home test. Phase 2 participants were also recruited for
phases 3 and 4, which explored participants’ experiences with
the flu@home test, various factors affecting engagement and
enablement, and choices resulting from empowerment and
activation.

These multiple phases of the flu@home pilot leveraged mixed
methods (both qualitative and quantitative). Mixed methods
can be valuable for developing and evaluating complex
interventions such as smart HT [29,30]. Studies have recognized
that mixed methods add value by identifying the mechanisms
of complex problems, increasing the validity of the findings,
and providing a deeper understanding of the phenomenon of
interest [31,32]. In this study, we used an exploratory sequential
design described by Creswell and Clark [33], which was used
first to explore a phenomenon of interest (through qualitative
methods) and then clarify the findings by leveraging quantitative
methods. In line with this approach, we collected qualitative
data (phase 3) to explore the decision points and factors
associated with engagement, enablement, and empowerment.
We then conducted a quantitative phase (phase 4) to validate
and further explore various factors affecting decision points
associated with engagement and enablement and choices
resulting from empowerment and activation.
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The inclusion criteria for phase 2, which also applied to phases
3 and 4, involved eligible participants who were aged ≥18 years,
spoke English, had an iPhone or iPad, and had an ILI (defined
as the presence of a cough and at least one or more of the
following symptoms: fever, chills or sweats, muscle, body aches,
or feeling tired or more tired than usual). Recruitment was

limited to individuals in the lower 48 states of the United States
to ensure that they received their flu@home test kit within 2
days of enrolling in the study. Overall, 97.9% (724/739) of
participants who completed phase 2 consented to be contacted
for future, related research and were eligible to participate in
phases 3 and 4.

Figure 2. Study phases (phases 3 and 4 [shown in orange] are the objectives that relate to the scope of this paper). PCR: Polymerase chain reaction.

Semistructured Interviews
Participants from phase 2 (trial of flu@home) were invited to
participate in in-depth, semistructured interviews to share their
experiences with the flu@home smart HT and their beliefs and
attitudes toward using smart HT (for influenza) in the future.
Semistructured interviews involved a series of predetermined,
open-ended questions with probes and prompts to elicit further
information about the phenomenon of interest [34]. We used a
phenomenological approach to conduct semistructured
interviews. Phenomenology allows researchers to explore human
experiences to elicit meanings for individuals by analyzing their
perceptions of the phenomenon of interest [35]. In particular,
we leveraged hermeneutic phenomenology [36]. In hermeneutic
phenomenology (as distinguished from transcendental
phenomenology), pre-existing knowledge and researchers’
understanding of concepts related to the phenomenon of interest
cannot be fully bracketed in interpreting participants’
descriptions of the phenomenon [37]. Phenomenological
hermeneutic semistructured interviews were leveraged to gain
insights into factors influencing decision points associated with
engagement, empowerment, and activation, as well as choices
resulting from enablement [38-41].

Our interview guide (Multimedia Appendix 1 [18,42-46]) aligns
with the phenomenological interview method described by
Bevan [47]. The interview guide included a series of broad and
open-ended questions that allowed participants to express their
opinions extensively and freely. We recognized three aspects

in developing a phenomenological interview guide: (1)
contextualization (understanding of participants’ context in
which the experience of the phenomenon of interest is situated),
(2) apprehending the phenomenon (questions related to the
specific phenomenon of interest), and (3) clarifying the
phenomenon (eg, imaginative variation) [47]. In alignment with
the principle of contextualization, our interviews started with
general questions related to participants’ general attitudes and
behaviors related to health. After discussing participants’general
attitudes and behaviors related to health, our interview questions
transitioned to exploring participants’ experiences with
flu@home and the values and gains associated with using
flu@home (ie, apprehending the phenomenon). Although not
specifically referencing our high-level constructs of interest in
the discussion, these questions aimed to explore engagement,
enablement, and activation in more detail. Finally, we clarified
the smart HT phenomenon using imaginative variation [47].
Imaginative variation is leveraged when the researcher
understands a specific element of a participant’s experience,
which is then applied to varying its structural components to
uncover the invariant parts. We used imaginative variation to
explore hypothetical situations, such as using smart HT in the
future for influenza and other medical issues.

Prior literature was reviewed to inform the semistructured
interview questions and a priori coding schema for data analysis.
We looked to the literature that would provide more insight and
detail into elements of the conceptual framework used in this
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study, precisely, factors affecting engagement and enablement
and choices resulting from empowerment and activation (Figure
1). Two studies that included extensive literature review
especially informed our interview content and a priori coding
schema: the Fumagalli Concept Map of Engagement and
Neighboring Concepts [17] and the Digital Health Engagement
Model (DIEGO) [18].

Fumagalli et al [17] indicated that engagement manifests in
patients’ behaviors to improve their role in health care. Patient
motivation to engage in such behaviors can be determined by
intrinsic influences (eg, proactive role in health care resulting
in the patient making appointments, staying informed about
treatment options, and others) and extrinsic influences (eg,
specific characteristics of health intervention) [17,48]. In
alignment with this view of engagement, we focused on 2
categories of factors affecting decision points associated with
engagement: intrinsic and extrinsic influences.

To inform categories of factors associated with enablement, we
referred to applicable high-level concepts in the DIEGO [18]
The DIEGO model contains multiple categories of factors
associated with an individual’s enrollment in and engagement
with digital health interventions. Some categories of factors in
the DIEGO model point to specific aspects of health consumers’
interactions with digital health, which can enable health
consumers to complete a digital health intervention. We
leveraged factors particularly pertinent to health consumers’
ability to complete the intervention: considering the quality (of
the HIT) and assessing personal capacity (for using the HIT).

Finally, to inform the interview questions and high-level codes
for categories of choices resulting from health consumers’
empowerment and activation, we considered the different levels
of impact (patient and public). These different levels of impact
were partially informed by the DIEGO, which examined
individual-level and public-level engagement with digital health
interventions [18]. We subdivided these categories to consider
proximal associations (familiar and distant). Overall, 4
multilevel choices emerged: patient-familiar, patient-distant,
public-familiar, and public-distant. Patient-familiar actions are
defined as actions that individuals take to care for their illness
in a familiar setting (eg, visiting primary care providers or
self-managing the illness). Patient-distant actions are ways in
which individuals can seek care in a more distant manner (eg,
visiting urgent care or seeking telemedicine consultations).
Public-familiar actions are actions that individuals take to
prevent the spread of their illness to family, friends, coworkers,
and people they interact with frequently. Finally, public-distant
actions are those that individuals take to prevent the spread of
their illness in their community at large, such as sharing their
test results to contribute to the awareness of the illness in their
community.

The interview sample size was guided by data saturation, which
is the point at which additional data collection no longer
generates any new insights [49]. Prior studies with similar study
designs indicate that data saturation can generally be achieved
in data samples ranging from 10 to 40 individuals [50-53].

Therefore, in alignment with prior studies and general
recommendations for sample sizes, we determined a minimum
of 20 interviews to be an appropriate target number.

We recruited participants in 3 waves to include a diverse
representation of geographic locations and ages (to accurately
reflect the targeted user population). The first wave of the
selection process comprised sorting participants into age groups
(18-24, 25-34, 35-44, 45-64, and ≥65 years) and randomly
inviting them to interviews, selecting participants from each
group. During this initial recruitment wave, we sent 60
participants study invitations assuming that 50% of participants
would sign up for an interview based on completion rates of
home collection studies for other health conditions [54-56]. In
the 2 subsequent waves of recruitment, the proportion of
participants recruited from each age group was adjusted to
ensure sample representation across all age groups. Recruitment
continued until at least 3 participants from each age group were
interviewed in each stratum. A total of 115 participants were
invited, and 31 (26.9%) completed the interviews. Table 1
summarizes the participants’ demographics in phase 2 (trial of
flu@home) and phase 3 (specifically, participants who were
invited to participate in the semistructured interviews and
participants who completed the semistructured interviews).

Confidential 40- to 60-minute semistructured interviews were
conducted using Zoom videoconferencing [57]. A total of 3
research team members with backgrounds in HIT, consumer
technologies, and public health conducted the interviews. In
cases where 2 research team members were present, 1 team
member served as the lead interviewer. The other team members
served the role of scribe and active listeners. The 2 team
members conducting the interview held a debriefing session
after each interview to discuss key points to consider for coding
purposes and discuss the interview protocol flow. Deidentified
interview transcripts were uploaded to Dedoose, a software for
qualitative data analysis.

Thematic analysis was conducted to code the deidentified
interview transcripts. Thematic analysis allows the identification,
analysis, description, and reporting of themes found in
qualitative data [58]. We established the validity and reliability
of the thematic analysis results by following the Lincoln and
Guba [52] criteria for conducting qualitative research.
(researcher triangulation, code reviews, expert feedback, and
resolution meetings [52,59]).

First, we inductively coded (ie, created low-level codes) our
interview transcripts without referring to our conceptual model
(Figure 1). Inductive coding allowed us to capture
phenomenological user experiences with flu@home. Second,
after inductive coding, we referred to an a priori high-level
coding schema (Textbox 2) reflective of our conceptual model
(Figure 1). In particular, we reviewed our low-level codes to
determine potential connections with high-level concepts (ie,
engagement, enablement, empowerment, and activation). During
this step, we found conceptual associations between low-level
codes and high-level concepts in the model.
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Table 1. Demographic data of the sample frame (phase 2 participants) used for semistructured interview (phase 3).

Phase 3: completed semistruc-
tured interviews (n=31), n (%)

Phase 3: invited to participate in
semistructured interviews (n=115), n (%)

Phase 2: trial of flu@home
(n=724), n (%)

Phase (sample size)

Age (years)

3 (9.7)12 (10.4)86 (11.9)18-24

6 (19.4)34 (29.6)204 (28.2)25-34

11 (35.5)38 (33)199 (27.5)35-44

8 (25.8)21 (18.3)188 (25.9)45-64

3 (9.7)10 (8.7)47 (6.5)≥65

Ethnicity

21 (67.7)78 (67.8)510 (70.4)White

6 (19.4)10 (8.7)63 (8.7)Black or African American

0 (0)8 (6.9)60 (8.3)Asian

1 (3.2)1 (0.9)4 (0.6)Native Hawaiian or other Pacific

Islander

1 (3.2)18 (15.7)17 (2.4)American Indian or Alaska Native

2 (6.5)2 (1.7)70 (9.7)N/Aa, other, or prefer not to say

Geographic representation

14 (45.2)43 (37.4)214 (29.6)West

5 (16.1)21 (18.3)139 (19.2)Midwest

1 (3.2)2 (1.7)12 (1.7)Southwest

4 (12.9)32 (27.8)197 (27.2)Northeast

7 (22.6)17 (14.8)162 (22.4)Southeast

aN/A: not applicable.

Textbox 2. Categories of factors (engagement; enablement) and choices (empowerment and activation).

Engagement

• Intrinsic influences

• Extrinsic influences

Enablement

• Considering the quality

• Assessing personal capacity

Empowerment and activation

• Patient-familiar

• Patient-distant

• Public-familiar

• Public-distant

To enhance research reliability and validity, the research team
used a constant comparison method to refine coding [49,60].
This procedure involved 2 coders (unfamiliar with the
conceptual model) and an internal auditor (a research team
member with extensive qualitative research methods expertise
who was familiar with the conceptual model). The internal
auditor also reviewed the structure, syntax, and labeling of the
final coding schema and performed a code review of 100% of

the coded quotes to ensure alignment with the final coding
structure. The coding team met regularly to iteratively discuss
and reconcile initial inductive coding, which included ensuring
that codes were supported by linked quotes, refining coding
categories, and reviewing emerging themes. Once a detailed
inductive coding scheme was in place, the coding team
independently and collectively identified and reconciled the
conceptual associations between the low-level codes (created
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because of inductive coding) and high-level concepts (Textbox
2). The team members traced the codes forward from code to
model and backward from model to detailed codes and their
underlying quotes from the transcripts. Throughout both
inductive and deductive coding, the coding team collectively
discussed and resolved any identified issues with codes
associated with supporting quotes, as well as the structure,
syntax, and labeling of the final comprehensive model.
Reconciling points mainly focused on combining various
subcodes and updating the labels and definitions of individual
codes.

Surveys
The survey contained 3 sections. The first section contained
questions about the participants’ prior engagement with the
smart HT for influenza. The second section contained questions
about the impact of the COVID-19 pandemic on participants’
future engagement and enablement decisions associated with
smart HT for influenza. Finally, the third section contained
questions about participants’potential engagement, enablement,
empowerment, and activation decisions associated with smart
HT for COVID-19. The survey did not ask participants to
provide demographic information, given institutional review
board cautions in asking demographics to preserve the
anonymous nature of the survey (thus, we were unable to
perform an analysis of demographic and categorical data).

Insights from semistructured interviews informed the survey
questions, which were developed to validate and further explore
factors affecting decision points associated with engagement
and enablement, as well as choices resulting from empowerment
and activation. Further exploration of factors was conducted
because of the emergence of the COVID-19 pandemic. The
research team included additional questions related to
engagement, empowerment, and enablement associated with
smart HT for COVID-19. The survey questions used ordinal
and categorical response options. For ordinal questions, the
research team used a 5-item Likert scale for responses ranging
from strongly agree to strongly disagree. The Likert scale is an
efficient and reliable technique for examining individual
attitudes and perceptions [61,62]. Compared with 7- or 10-point
scales, 5-point Likert scales have been shown to reduce survey
fatigue and increase response rates [63,64]. In addition to
Likert-type questions, the survey included a few categorical
responses that aligned with the nature and purpose of the
questions and were not well-suited to a Likert scale. The

research team reviewed all the survey questions to ensure clarity.
The results are shared in Multimedia Appendix 2, and the
Results section of this paper showcases the survey questions
relevant to this study.

Participants from phase 2 (trial of flu@home) were recruited
to complete the survey (Table 1 shows participants’
demographics from phase 2). The participants received an initial
recruitment email and a follow-up email a week later. They did
not receive compensation for completing the survey, and no
demographic information was collected.

The anonymous survey was administered using Qualtrics Survey
Platform software [65] in June 2020. In total, 38.2% (282/739)
of eligible individuals from phase 2 completed the survey.

Survey data were analyzed using descriptive statistics (mode,
as well as response distribution counts and percentages), as
appropriate for Likert scales [66].

Ethics Approval
The study design was approved by the University of Washington
Institutional Review Board (STUDY00007627).

Results

Smart HT Engagement Overview
We aligned the general structure of our results with the Smart
HT–Empowered Activation Model (Figure 1), which showcases
the emergent states of engagement, enablement, empowerment,
and activation covered by this study. We provide associated
key interviews and survey highlights under the associated Smart
HT–Empowered Activation Model sections. We provide further
details of our findings in Multimedia Appendix 3 (interview
evidence trace table) and Multimedia Appendix 2 (details of
ordinal survey response questions).

Acquisition of Motivation: Smart HT Engagement

Overview
The acquisition of motivation involved both intrinsic and
extrinsic influences. We identified intrinsic influences covering
specific states (eg, mental distress) and traits (eg, personal
agency) of the users. In addition, the identified extrinsic
influences covered specific characteristics of smart HT (eg,
convenience) and environmental conditions (eg, public health
crisis). Figure 3 summarizes these findings.
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Figure 3. Factors affecting engagement. Smart HT: smartphone-supported home testing.

Smart HT Engagement: Intrinsic Influence Factors
Intrinsic influences include personal agency, awareness and
understanding of viral infection (influenza; COVID-19), mental
distress, and illness symptoms.

Personal agency was stated as a contributing factor to engaging
with smart HT. The participants generally expressed high
personal agency in managing their health. Most interview
participants articulated that they believed they were primarily
responsible for managing their health or acted as equal partners
in their care with their providers. Interviewees perceived the
flu@home smart HT as providing them with choice and control
over when and where to conduct diagnostic testing.

This technology appealed to interview participants who
proactively managed their health, as well as individuals who
self-identified as having poor health behaviors. Therefore,
although we recognize that this may play a role in the decision
process for some, there was no general consensus that health
behaviors and attitudes were influential factors in participants’
considerations of engaging with smart HT.

Awareness and understanding of the illness (in this study,
influenza and COVID-19) was a factor in the interview
participants’ consideration of engaging with smart HT.
Interviewees’beliefs regarding the severity of seasonal influenza
varied greatly. Those who believed influenza was a minor illness
(frequently referencing a cold) were less motivated to engage
with a self-test than those who perceived influenza as a serious
health concern.

Regarding when health consumers might be motivated to
perform a smart HT, survey responses indicated (Multimedia
Appendix 2) that 96.5% (272/282) of participants strongly or
somewhat agreed that they would use the flu@home test if they

experienced ILI symptoms. Only 32.6% (92/282) of participants
strongly agreed that they would use flu@home testing when
asymptomatic. As for COVID-19 testing, 95.8% (249/260) of
the participants strongly agreed or somewhat agreed that, if
available, they would use a COVID-19 home test when
experiencing COVID-19–related symptoms. Most survey
respondents (196/260, 75.4% strongly agreed or somewhat
agreed) stated that they would use a COVID-19 home test, even
if they did not experience symptoms common to COVID-19.
To further understand the relationship between the acquisition
of information and motivation stages, it is notable that symptom
onset did not necessarily correlate with the preferred timing of
test acquisition. Specifically, some interview participants
indicated that they might opt to proactively purchase smart HT
to keep at home for convenient access when symptoms (and the
need for testing) arise. One of the participants explained the
following:

I should keep some of the kits at home on an ongoing
basis so that anytime I feel I have this fever, sneezing,
runny nose and all those symptoms.

Moreover, interview participants also indicated that mitigating
mental distress at a time when they were also feeling physically
unwell was a motivating factor for smart HT. When asked what
would make them inclined to use a smart HT instead of going
to a physician, one participant said the following:

And I think that it would be more convenient because
sometimes you just don’t feel well and feel like leaving
the house. It’d be nice because I feel like you might
be able to find out results sooner than if you wait to
go to the doctor...I feel like there’s less pressure when
you’re at home, and you’re more relaxed...I shouldn’t
say pressure, but less stress. There’s always some, at
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least for me, levels of extra stress going to the doctor
just in general. Getting out of the house and sitting
in the waiting room, and being back there, and just
kind of like nervous and stuff, waiting to see what the
doctor’s going say.

We further delved into this issue in the survey. Although testing
at home when feeling ill may mitigate the stress of traveling
and waiting to see a provider to perform a diagnostic test, a
concern about the future of home testing is that test results
indicating a serious health condition (such as COVID-19)
delivered without provider support could cause mental distress.
According to our survey results, 74.1% (192/259) of the survey
respondents indicated that they would find testing positive (ie,
learning that they contracted the COVID-19 illness) in the
at-home context (smart HT) no more distressing than learning
of their diagnosis in other health care settings (Multimedia
Appendix 4).

Smart HT Engagement: Extrinsic Influence Factors
Extrinsic influences include convenience, public health crises,
and security and privacy. Participants overwhelmingly shared
that convenience was a primary motivating factor in considering
smart HT use. For example, one of the participants stated the
following:

Just the idea of being able to do home-based checking
interests me. It sounds like it has promise to me. And
I think that a lot of people might use something like
that rather than going through the grief of trying to
get a doctor’s appointment, which is hard to do here.

Convenience of engaging with smart HT manifested in avoiding
the burden of visiting a provider in person. Participants

mentioned some of the burdens of visiting a provider, including
difficulty in scheduling appointments, finding appointments
that would not require taking time off from work, and difficulty
meeting a provider in person while caring for young children.
Some interview participants indicated that they were particularly
motivated to use smart HT to diagnose their children.

Furthermore, survey respondents indicated that a public health
crisis (ie, the COVID-19 pandemic) affected their decision to
engage with smart HT for viral infections. Participants’attitudes
toward smart HT were affected by the COVID-19 pandemic
(Multimedia Appendix 2). For example, when asked, “Which
of the following best describes how COVID-19 influences your
thoughts about using flu@home to test for common, seasonal
flu if you have symptoms?” the most common response
(132/263, 50.2%) was, “I am much more likely to use flu@home
for testing of common, seasonal flu.”

Interview participants also identified the security and privacy
of the data generated from smart HT as a factor of engagement.
Participants were most concerned that their health data would
be sold or shared without their consent if tests were provided
via web-based sources.

Acquisition of Ability: Enablement Through Smart
HT
The interview data revealed various factors leading to
participants’ enablement facilitated by smart HT. We
categorized these factors into two groups: (1) considering the
quality of smart HT and (2) assessing personality capacity to
use smart HT (Figure 4).

Figure 4. Factors affecting enablement. Smart HT: smartphone-supported home testing.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e34685 | p. 10https://mhealth.jmir.org/2022/6/e34685
(page number not for citation purposes)

LeRouge et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Enablement: Considering the Quality of Smart HT
Regarding the quality of smart HT interactions, interview
participants shared that they valued a digital experience that
segmented the testing process into small, digestible, step-by-step
instructions with illustrations and videos in the app. The
participants also appreciated the built-in timers to reduce the
likelihood of errors.

Interviewees also considered the quality of smart HT health
information. Participants indicated that they understood and
retained content that differentiated common cold and influenza
symptoms, as well as information provided when it was
appropriate to consult a provider. Participants were also
receptive to the flu@home app, including general facts about
influenza, such as how many people are affected each year, and
other information to help remind consumers about the
importance of preventive measures (such as vaccination).

Participants also shared that they would like future iterations
of flu@home to include more health information, such as
explaining “how contagious the flu is,” and recommendations
for managing the illness. For example, one of the participants
described the following:

I think one of the biggest things we do that we
shouldn’t do in this day and age is just trying to take
something [medication] to suppress the symptoms
and then head right back to work or other things. I
think having some statistics or data about the dangers
of taking the flu out of the house...would be really
helpful.

In evaluating the usability of the testing processes, interview
participants described the flu@home system as easy to use,
attributable to clearly labeled kit contents and simple nasal
swabbing procedures with mild or no discomfort. These features
seemed to influence their decision to perform the test.
Incorporating a smartphone app into home testing broadens the
potential features that test developers can incorporate into smart
HT. The study team presented many potential features in
interviews with participants to consider enhanced value. Added
features that appealed to the participants included the ability to
share their home test results with their providers. Many
participants were interested in smart HT that incorporated data
collected from a wearable device. In addition, participants were
interested in receiving alerts if an RVI outbreak occurred in or
near their community. Nearly all participants indicated that they
would be willing to share deidentified data to contribute to their
community's public health management of influenza. However,
participants’ responses varied greatly regarding whether they
would value gamification features in smart HT.

Enablement: Assessing Personal Capacity to Use Smart
HT
The interview participants generally indicated that they felt
capable of completing the smart HT test. Specifically,
participants indicated that they felt enabled to complete the test
with the digital guidance provided in the flu@home app, thus,
informing their belief that they completed the swabbing
procedures as instructed in the app and that they felt capable of
completing the smart HT again in the future.

Digital health literacy was a critical factor in the assessment of
personal capacity. All participants indicated that they could
download the app, order the kit, and complete the testing without
clinician supervision. They demonstrated that they had the skills
to complete these actions because they completed the pilot study
in phase 1. However, frequent digital health experience (eg,
using mobile apps and wearables) was not a universal factor in
participants’ assessment of their capacity to use smart HT.
Although some participants described their lifestyle as including
the use of a wearable device or health app, others said they had
not found such products to be valuable and did not use digital
health resources unless necessary for clinical care.

Moreover, the location of the testing was another critical factor
in assessing the personal capacity to perform the test.
Participants generally indicated that finding a specific place in
their home was essential for performing the test. Participants
mentioned various locations where they could perform the test
(eg, bathroom, bedroom, and kitchen) and the specific
characteristics of such locations. For instance, some participants
indicated that it was critical for the location where they
performed the test to be clean. In addition, one participant
alluded to privacy as an essential aspect of choosing a location
for the test. This participant said the following:

I feel like I would do it at home because there’s no
other people around. They wouldn’t just see me stick
something, the little test tube up my nose, or whatever.
Can’t even think of what it’s called.

Acquisition of Higher Level of Power: Empowerment
and Activation

Empowerment and Activation Overview
In the case of smart HT, empowerment and activation involve
2 sequential points. The first factor was the intention to perform
the test. The second was the intention to act on confirmation of
influenza results from completing the smart HT test.

Empowerment and Activation: Intention to Test Using
Smart HT
We found evidence that the study population was empowered
to use smart HT to test for viruses. Approximately 81.5%
(207/254) of the participants who completed the survey indicated
that they would prefer to test for viruses at home rather than a
test conducted by a health care provider (Multimedia Appendix
4). Moreover, survey results indicated that 94.6% (265/280) of
participants somewhat to strongly agreed that they would use
the smart HT test kit for influenza in the future, regardless of
pandemic conditions (see Multimedia Appendix 2 for details).
Analogously, interview participants shared that they intended
to acquire and use smart HT in the future, once commercially
available.

Survey responses showed that many people were willing to test
for COVID-19 regularly, every 14 days (97/260, 37.3%), or
monthly (93/260, 35.8%) to ensure that they were healthy and
could interact with others (Multimedia Appendix 4).

Moreover, there were indications that an empowerment and
activation process could have spillover effects on other
possibilities. During the interviews, participants also mentioned
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various other (not necessarily viral) health conditions that they
would be interested in using smart HT in the future: common
cold, dementia, bronchitis, cancer, diabetes, pneumonia, sinus
infections, hepatitis, and many others.

Empowerment and Activation: Intention to Act on
Confirming Influenza Results
The findings indicate that individuals consider actions related
to all four themes regarding acting on positive smart HT
results:(1) patient-familiar, (2) patient-distant, (3)
public-familiar, and (4) public-distant. Figure 5 summarizes
these findings.

Textbox 3 summarizes the qualitative results that support
multilevel choices resulting from empowerment and activation.

In looking holistically at multilevel choices resulting from
empowerment and activation, some interview participants
gravitated toward patient-familiar means of self-care (eg,
self-management or primary care provider appointment).
However, other interview participants were open to less familiar
forms of care, such as urgent care or emergency room visits or
seeking a telemedicine (virtual) consultation (patient-distant).
Limited access to care for reasons such as rural living status
and insurance coverage were mentioned in the interviews as
deciding factors for self-management of illness or high
motivation for a virtual consultation. In addition, the rationale
shared for virtual consultation included convenience and
treatment expedience (eg, antiviral prescription), potentially
minimizing the chance of spreading the illness and acquiring a
new illness during a provider visit.

To assess whether participants’ attitudes toward telemedicine
(virtual care) changed because of COVID-19, we asked them
to reflect on their initial willingness to seek virtual care. Survey
respondents indicated that they were equally willing to have a

virtual care appointment (telemedicine) after testing positive
for influenza and COVID-19. Approximately 93.9% (265/282)
of the participants strongly or somewhat agreed that they would
have been willing to have a virtual appointment if the flu@home
results had returned positive. Similarly, 93.1% (242/260) of the
participants somewhat or strongly agreed that they would have
been willing to have a virtual appointment if their COVID-19
test results returned positive.

It is also noteworthy that interview participants reported that
the responsibility of caring for young children influenced their
test result response choices, with parents of young children
sometimes opting for distance care for themselves but preferring
in-person care for their children.

Regarding public considerations, interview participants indicated
that they were receptive to contributing to the public health
management of a viral outbreak (public-familiar). In addition
to the public-familiar means of managing the spread provided
in Multimedia Appendix 4 for influenza, most survey
respondents indicated that they were taking some of the
recommended actions to prevent the spread of COVID-19.

Regarding the public-distant choice, participants indicated that
they were willing to share data for research purposes. Although
the contribution to research generally denotes a distal
relationship, participants indicated that they were more likely
to participate in research studies if they were familiar with the
research organization (trusting the entity to secure their data
and maintain confidentiality). Moreover, most participants
indicated that the COVID-19 pandemic influenced their
motivation to share their smart HT results anonymously for
public surveillance or research purposes. The interview data
also seemed to indicate an escalated motivation for parents to
contribute to the community or public health management of
influenza.

Figure 5. Multilevel choices resulting from empowerment and activation. Smart HT: smartphone-supported home testing.
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Textbox 3. Key findings from interviews related to multilevel choices resulting from empowerment and activation.

Patient-familiar

• Self-manage: Reasons for self-management included assumptions that a provider would tell them to rest at home and take over-the-counter
medication to manage their illness anyway and the cost of care (particularly for the uninsured). Motivations for moving from self-care included
the perceived need for prescription medication.

• Primary care provider in person: Participants indicating that they would seek an appointment with their provider frequently referenced an
established, trusting relationship with their primary care provider: some referenced pre-existing conditions that could create health care complexities
with influenza.

Patient-distant

• Urgent care: Rationale for urgent care as a form of provider engagement included reference to accessibility, namely, urgent care clinic during
weekend or evening hours.

• Hospital emergency room: Some participants indicated that they would seek care from the emergency room as their default option when unsure
how to manage a health issue.

• Virtual consultation: Virtual consultation was referenced as a means of convenient verification of diagnosis and a quick means to obtain treatment
(ie, prescriptions).

Public-familiar

• Prevent spread to family: Although participants referenced both quarantining in and sanitizing their homes to prevent spread to family, they also
shared practical challenges, particularly with quarantine.

• Prevent spread to coworkers: Participants mentioned the preference to stay home when sick with influenza symptoms to prevent spread to
coworkers and more distant relationships (eg, public transit commuters). There was also mention of practical challenges because of some work
arrangements.

Public—distant

• Share for research: Some participants felt that anonymously sharing self-test results could contribute to improved influenza vaccine development.

• Share for public health: Participants were generally willing to share self-test results for surveillance if done anonymously. They also indicated
that they would personally reference a local or neighborhood-level influenza map in making prevention choices.

Discussion

Principal Findings
Smart HT aspires to facilitate the success and impact of
home-based diagnostic testing by coupling the diagnostic
procedure with technological supports [12-14]. Our findings
implicitly signal promising aspects of coupling home-based
medical procedures with digital support. However, for smart
HT to achieve its intended use advantages, health consumers
must have increasing levels of awareness, motivation, and ability
to perform home-based diagnostic tests and act on results
appropriately. Our mixed methods study results provide insight
into the nuanced and myriad factors that affect engagement and
enablement with smart HT for viral infections, as well as how
empowered users intend to respond to smart HT results. Overall,
this study extends a stream of past work by exploring each of
these concepts (patient engagement, empowerment, activation,
and enablement) in the smart HT context [17]. Our final Smart
HT–Empowered Activation Model may have implications for
an increased understanding of engagement, enablement, and
empowerment in other HIT contexts.

Essentially, we contribute to the existing knowledge by opening
the black box of engagement, enablement, and empowerment
by contextualizing these constructs in the context of smart HT
for viral infections. We were guided by the Fumagalli Concept
Map of Engagement and Neighboring Concepts [17] and the
DIEGO [18]. These models are based on an extensive literature

review that depicts a health consumer’s progression toward the
acquisition of a higher level of power (g, appreciating one’s
role in health care and managing one’s health) that allows them
to directly participate in the care process. Our results identify
factors (from the perspective of the health consumer) that come
into play for the engagement, enablement, and empowerment
emergent states and frame our findings in the Smart
HT–Empowered Activation Model.

Our findings highlight the complexity of digital health
engagement. One of the most apparent elements of complexity
is the number of factors that come into play during the
empowered activation journey. For smart HT information
technology developers, this indicates the importance of having
a strategy to consider, leverage, and support various factors that
lead to successfully performing the test and acting on test results,
essentially, a journey map (as noted in design thinking [67])
that showcases the potential of the technology to support the
test process.

Upon further reviewing our model through the lens of
complexity, it is noteworthy that various factors involving the
acquisition of motivation (engagement) can change over time.
For example, regarding intrinsic factors, changing illness
symptoms and awareness and understanding of RVIs can affect
motivation to engage with smart HT. This timing element is
something to consider, particularly in the role of technology in
message engagement considerations. Public health crises, an
extrinsic example, can influence an individual’s motivation to
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use smart HT. Smart HT technology features can help health
consumers evaluate the safety and feasibility of testing at home
versus seeking testing by other means during public health
crises. This motivating factor begets developers and perhaps
policy makers to promote the use of smart HT with demonstrated
efficacy during a public health crisis.

Regarding intrinsic motivation, smart HT technology can
provide information to enhance a user’s awareness and
understanding of a specific respiratory illness. Providing this
educational information also introduces some assessment
regarding how much information is provided, when to provide
the information, and whether information needs to be tailored
to a particular user’s capabilities, base knowledge, or interest
in the information. Additionally, it is important to note that
some factors of engagement may be more important than others.
For example, there were mixed findings regarding the
importance of participants’ general health behaviors and
attitudes. Some participants indicated that they generally
practiced healthy behaviors, whereas others indicated the
opposite. This factor may be subordinate to other factors (eg,
personal agency and illness symptoms). The relative importance
of these factors should be explored in future research.

Furthermore, regarding the acquisition of motivation
(engagement), we found evidence that individuals did not
anticipate feeling more distress when learning that they have
an RVI at home using smart HT than when learning about their
health status in a clinical setting. However, research indicates
that diagnosing different health conditions such as cancer,
dementia, and COVID-19 can evoke emotional distress [68-70].
Limited research assessing the mental distress of home testing
exists. As more home-based diagnostic tools are developed and
available for consumer use for various health conditions, future
research is needed to understand the mental distress of receiving
different types of diagnoses through a home-based test compared
with clinical settings. Anticipating and mitigating mental
anguish because of a positive test result may be worth
considering in the design and use of smart HT. Pretest and
posttest counseling have been suggested in some forms of home
testing [71]. When relevant, smart HT technology features and
functions may either provide functions to mitigate distress
directly or refer the user to resources for assistance in managing
distress.

The study shows that in the case of contagious diseases, multiple
level factors need to be considered to have a robust smart HT.
The acquisition of a higher level of power (empowerment and
activation) involves decisions at multiple levels, which can have
both personal and far-reaching impacts. For example, informed
individuals may vary in their patient, familiar, distant, and public
actions when testing positive for a viral infection. Ideally, this
choice variance is because of an informed decision process and
not because of missing information or misinformation.
Therefore, a key role of smart HT during the acquisition of
ability (enablement) stage is to prepare the individual performing
the test for the multiple downstream choices resulting from
enablement. In response, developers may want to embed quality
information and various paths of action into the design and
functions of smart HT to support an informed empowerment
and activation decision-making process. The multiple choices

presented to a patient upon receipt of their positive test results
should be carefully considered when developers design smart
HTs to reduce choice complexity. It is particularly important
to ensure that patients are not overwhelmed with too many
choices, as too many options can impair an individual’s
subsequent self-control (and, therefore, personal agency) [72].
Furthermore, choices should be limited to good choices,
indicating choices that align with the overall purpose of smart
HT. For instance, if a patient tests positive for influenza, smart
HT can provide them with a set of suggestions on managing
their conditions and preventing their spread to other people. In
addition, there can be an option for digitally sharing the results
for research or public health purposes with smart HT. Moreover,
smart HT might provide easy access to a digital provider
(telemedicine) for treatment. To further minimize complexity
and guarantee choices that keep the smart HT user heading in
the direction in which they want to go, developers should try
to limit recommendations or choices to those tailored to
individual smart HT users. In addition, to facilitate
empowerment regarding tailored choices, smart HT should
provide clear guidance regarding the next steps required and
the use of information for each possible option.

In addition to providing a better understanding of the affirmative
path of the Smart HT–Empowered Activation Model, our work
provides a foundation for future work to explore other paths
through the model. For example, future empirical research could
explore the relative importance of the identified factors or
whether the factors would hold in the context of other forms of
smart HT. Regarding the latter, participants did mention
potential interest in various forms of smart HT for both acute
and chronic conditions. Future research could explore and
validate the factors of engagement, empowerment, and
enablement (derived in this study) in other contexts mentioned
by the participants.

Limitations
As with most studies that include qualitative methods, the
generalization of the results must be approached with some
caution. Although the study included a diverse set of participants
in terms of age and geography, it had some limitations. Most
notably, our study population included only participants in the
flu@home study. Attitudes toward home testing may differ
among individuals who did not experience this specific smart
HT or type of respiratory testing. In addition, this study was
conducted early during the COVID-19 pandemic. COVID-19
home testing and self-swabbing availability and experiences
during the pandemic might have implications for smart HT for
influenza and other home-based diagnostic testing. Overall, we
strongly encourage future research to consider our findings in
other smart HT and HIT contexts.

Conclusions
Through our findings, we proposed and informed a Smart
HT–Empowered Activation Model depicting an engagement,
enablement, empowerment, and activation process for smart
HT use. The resulting model underscores the need to understand
and address the path to health consumer empowerment and
activation for smart HT use, resulting in actions that provide
maximum health benefits to individuals and society. Overall,
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this study provides a foundation for researchers and developers
to explore and create successful engagement strategies to align
with consumer digital health opportunities to promote

prevention, self-care, and spread control of infectious viruses
such as influenza.

Acknowledgments
The Seattle Flu Study was funded by Gates Ventures. The funder was not involved in the design of the study and does not have
any ownership over the management and conduct of the study, data, or rights to publish. The content is solely the responsibility
of the authors and does not necessarily represent the official views of the Seattle Flu Study Investigators.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Interview protocol.
[DOCX File , 128 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Likert scale survey questions.
[DOCX File , 20 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Evidence trace tables for analysis of interview data.
[DOCX File , 20 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Survey results.
[DOCX File , 34 KB-Multimedia Appendix 4]

References

1. Nania R. Simple over-the-counter home tests needed to slow COVID-19 spread. American Association of Retired Persons.
URL: https://www.aarp.org/health/conditions-treatments/info-2020/home-testing-coronavirus.html [accessed 2021-04-29]

2. Petrakaki D, Hilberg E, Waring J. Between empowerment and self-discipline: governing patients' conduct through
technological self-care. Soc Sci Med 2018 Sep;213:146-153 [FREE Full text] [doi: 10.1016/j.socscimed.2018.07.043]
[Medline: 30081356]

3. Sharma AE, Rivadeneira NA, Barr-Walker J, Stern RJ, Johnson AK, Sarkar U. Patient engagement in health care safety:
an overview of mixed-quality evidence. Health Aff (Millwood) 2018 Nov;37(11):1813-1820 [FREE Full text] [doi:
10.1377/hlthaff.2018.0716] [Medline: 30395509]

4. Kearns AJ, O'Mathúna DP, Scott PA. Diagnostic self-testing: autonomous choices and relational responsibilities. Bioethics
2010 May;24(4):199-207. [doi: 10.1111/j.1467-8519.2008.00711.x] [Medline: 19222443]

5. Ibitoye M, Frasca T, Giguere R, Carballo-Diéguez A. Home testing past, present and future: lessons learned and implications
for HIV home tests. AIDS Behav 2014 May 27;18(5):933-949 [FREE Full text] [doi: 10.1007/s10461-013-0668-9] [Medline:
24281697]

6. Procop GW, Kadkhoda K, Rhoads DD, Gordon SG, Reddy AJ. Home testing for COVID-19: benefits and limitations.
Cleve Clin J Med 2021 Mar 01 [FREE Full text] [doi: 10.3949/ccjm.88a.ccc071] [Medline: 33579779]

7. Abbott's Fast, $5, 15-minute, easy-to-use COVID-19 Antigen Test receives FDA emergency use authorization; mobile app
displays test results to help our return to daily life; ramping production to 50 million tests a month. Abbott Park. URL:
https://tinyurl.com/52ahxa8f [accessed 2020-05-29]

8. Berger K. COVID-19 at-home test kits: what we know. Single Care. URL: https://www.singlecare.com/blog/news/
at-home-coronavirus-tests/ [accessed 2020-07-25]

9. Coronavirus (COVID-19) Update: FDA authorizes first COVID-19 test for self-testing at home. U.S. Food & Drug
Administration. URL: https://www.fda.gov/news-events/press-announcements/
coronavirus-covid-19-update-fda-authorizes-first-covid-19-test-self-testing-home [accessed 2022-06-09]

10. Hung M, Conrad J, Hon SD, Cheng C, Franklin JD, Tang P. Uncovering patterns of technology use in consumer health
informatics. Wiley Interdiscip Rev Comput Stat 2013 Nov 31;5(6):432-447 [FREE Full text] [doi: 10.1002/wics.1276]
[Medline: 24904713]

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e34685 | p. 15https://mhealth.jmir.org/2022/6/e34685
(page number not for citation purposes)

LeRouge et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v10i6e34685_app1.docx&filename=48f22e0ac9bbe77e5645dff81e779342.docx
https://jmir.org/api/download?alt_name=mhealth_v10i6e34685_app1.docx&filename=48f22e0ac9bbe77e5645dff81e779342.docx
https://jmir.org/api/download?alt_name=mhealth_v10i6e34685_app2.docx&filename=9a3a2ab42fa06e57af6d482fdb5062b9.docx
https://jmir.org/api/download?alt_name=mhealth_v10i6e34685_app2.docx&filename=9a3a2ab42fa06e57af6d482fdb5062b9.docx
https://jmir.org/api/download?alt_name=mhealth_v10i6e34685_app3.docx&filename=63b3838f69d2cd405f84365f9ce712ec.docx
https://jmir.org/api/download?alt_name=mhealth_v10i6e34685_app3.docx&filename=63b3838f69d2cd405f84365f9ce712ec.docx
https://jmir.org/api/download?alt_name=mhealth_v10i6e34685_app4.docx&filename=b5e19579278b13e8da39c6fa6c930df4.docx
https://jmir.org/api/download?alt_name=mhealth_v10i6e34685_app4.docx&filename=b5e19579278b13e8da39c6fa6c930df4.docx
https://www.aarp.org/health/conditions-treatments/info-2020/home-testing-coronavirus.html
https://linkinghub.elsevier.com/retrieve/pii/S0277-9536(18)30410-6
http://dx.doi.org/10.1016/j.socscimed.2018.07.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30081356&dopt=Abstract
http://europepmc.org/abstract/MED/30395509
http://dx.doi.org/10.1377/hlthaff.2018.0716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30395509&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-8519.2008.00711.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19222443&dopt=Abstract
http://europepmc.org/abstract/MED/24281697
http://dx.doi.org/10.1007/s10461-013-0668-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24281697&dopt=Abstract
https://www.ccjm.org/cgi/pmidlookup?view=long&pmid=33579779
http://dx.doi.org/10.3949/ccjm.88a.ccc071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33579779&dopt=Abstract
https://tinyurl.com/52ahxa8f
https://www.singlecare.com/blog/news/at-home-coronavirus-tests/
https://www.singlecare.com/blog/news/at-home-coronavirus-tests/
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-first-covid-19-test-self-testing-home
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-first-covid-19-test-self-testing-home
http://europepmc.org/abstract/MED/24904713
http://dx.doi.org/10.1002/wics.1276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24904713&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Guendelman S, Broderick A, Mlo H, Gemmill A, Lindeman D. Listening to communities: mixed-method study of the
engagement of disadvantaged mothers and pregnant women with digital health technologies. J Med Internet Res 2017 Jul
05;19(7):e240 [FREE Full text] [doi: 10.2196/jmir.7736] [Medline: 28679489]

12. Abbott's New NAVICA App: what you need to know. Abbott. URL: https://www.abbott.com/corpnewsroom/
diagnostics-testing/abbotts-new-NAVICA-app-what-you-need-to-know.html [accessed 2021-04-11]

13. Acculi Labs develops mobile app for detection of COVID 19 infected individuals. PharmaBiz. URL: http://pharmabiz.com/
NewsDetails.aspx?aid=129938&sid=2 [accessed 2021-04-10]

14. Dharanikota S, LeRouge CM, Lyon V, Durneva P, Thompson M. Identifying enablers of participant engagement in clinical
trials of consumer health technologies: qualitative study of influenza home testing. J Med Internet Res 2021 Sep
14;23(9):e26869 [FREE Full text] [doi: 10.2196/26869] [Medline: 34519664]

15. Xiao M, Tian F, Liu X, Zhou Q, Pan J, Luo Z, et al. Virus detection: from state-of-the-art laboratories to smartphone-based
point-of-care testing. Adv Sci (Weinh) 2022 Apr 07:e2105904 [FREE Full text] [doi: 10.1002/advs.202105904] [Medline:
35393791]

16. Wood CS, Thomas MR, Budd J, Mashamba-Thompson TP, Herbst K, Pillay D, et al. Taking connected mobile-health
diagnostics of infectious diseases to the field. Nature 2019 Feb 27;566(7745):467-474 [FREE Full text] [doi:
10.1038/s41586-019-0956-2] [Medline: 30814711]

17. Fumagalli LP, Radaelli G, Lettieri E, Bertele' P, Masella C. Patient Empowerment and its neighbours: clarifying the
boundaries and their mutual relationships. Health Policy 2015 Mar;119(3):384-394. [doi: 10.1016/j.healthpol.2014.10.017]
[Medline: 25467286]

18. O'Connor S, Hanlon P, O'Donnell CA, Garcia S, Glanville J, Mair FS. Understanding factors affecting patient and public
engagement and recruitment to digital health interventions: a systematic review of qualitative studies. BMC Med Inform
Decis Mak 2016 Sep 15;16(1):120 [FREE Full text] [doi: 10.1186/s12911-016-0359-3] [Medline: 27630020]

19. Chau K, Lam M, Cheung M, Tso E, Flint S, Broom D, et al. Smart technology for healthcare: exploring the antecedents of
adoption intention of healthcare wearable technology. Health Psychol Res 2019 Mar 11;7(1):8099-8009 [FREE Full text]
[doi: 10.4081/hpr.2019.8099] [Medline: 31583292]

20. Laxman K, Krishnan S, Dhillon J. Barriers to adoption of consumer health informatics applications for health self
management. Health Sci J 2015;9(5):1-7 [FREE Full text] [doi: 10.1201/B13617-39]

21. Deng Z, Hong Z, Ren C, Zhang W, Xiang F. What predicts patients' adoption intention toward mHealth services in China:
empirical study. JMIR Mhealth Uhealth 2018 Aug 29;6(8):e172 [FREE Full text] [doi: 10.2196/mhealth.9316] [Medline:
30158101]

22. Drake C, Cannady M, Howley K, Shea C, Snyderman R. An evaluation of mHealth adoption and health self-management
in emerging adulthood. AMIA Annu Symp Proc 2019;2019:1021-1030 [FREE Full text] [Medline: 32308899]

23. Hung M, Jen W. The adoption of mobile health management services: an empirical study. J Med Syst 2012 Jun
29;36(3):1381-1388. [doi: 10.1007/s10916-010-9600-2] [Medline: 20878452]

24. Ndayizigamiye P, Kante M, Shingwenyana S. An adoption model of mHealth applications that promote physical activity.
Cogent Psychol 2020 May 12;7(1):1764703 [FREE Full text] [doi: 10.1080/23311908.2020.1764703]

25. Zhang X, Guo X, Lai K, Guo F, Li C. Understanding gender differences in m-health adoption: a modified theory of reasoned
action model. Telemed J E Health 2014 Jan;20(1):39-46. [doi: 10.1089/tmj.2013.0092] [Medline: 24161004]

26. Carvajal L, Perret PC. Epidemiology of respiratory infections. In: Pediatric Respiratory Diseases. Cham: Springer; 2020.
27. Chu H, Boeckh M, Englund J, Famulare M, Lutz B, Nickerson D, et al. The Seattle Flu Study: a multiarm community-based

prospective study protocol for assessing influenza prevalence, transmission and genomic epidemiology. BMJ Open 2020
Oct 07;10(10):e037295 [FREE Full text] [doi: 10.1136/bmjopen-2020-037295] [Medline: 33033018]

28. Lyon V, Zigman Suchsland M, Chilver M, Stocks N, Lutz B, Su P, et al. Diagnostic accuracy of an app-guided,
self-administered test for influenza among individuals presenting to general practice with influenza-like illness: study
protocol. BMJ Open 2020 Nov 19;10(11):e036298 [FREE Full text] [doi: 10.1136/bmjopen-2019-036298] [Medline:
33444172]

29. Homer C, Klatka K, Romm D, Kuhlthau K, Bloom S, Newacheck P, et al. A review of the evidence for the medical home
for children with special health care needs. Pediatrics 2008 Oct;122(4):e922-e937. [doi: 10.1542/peds.2007-3762] [Medline:
18829788]

30. Nutting PA, Miller WL, Crabtree BF, Jaen CR, Stewart EE, Stange KC. Initial lessons from the first national demonstration
project on practice transformation to a patient-centered medical home. Ann Fam Med 2009;7(3):254-260 [FREE Full text]
[doi: 10.1370/afm.1002] [Medline: 19433844]

31. McKim CA. The value of mixed methods research. J Mixed Methods Res 2016 Jul 08;11(2):202-222. [doi:
10.1177/1558689815607096]

32. Hansen M, O'Brien K, Meckler G, Chang AM, Guise J. Understanding the value of mixed methods research: the Children's
Safety Initiative-Emergency Medical Services. Emerg Med J 2016 Jul 23;33(7):489-494 [FREE Full text] [doi:
10.1136/emermed-2015-205277] [Medline: 26949970]

33. Creswell J, Plano Clark V. Designing and Conducting Mixed Methods Research. Los Angeles: SAGE; 2011.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e34685 | p. 16https://mhealth.jmir.org/2022/6/e34685
(page number not for citation purposes)

LeRouge et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://www.jmir.org/2017/7/e240/
http://dx.doi.org/10.2196/jmir.7736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28679489&dopt=Abstract
https://www.abbott.com/corpnewsroom/diagnostics-testing/abbotts-new-NAVICA-app-what-you-need-to-know.html
https://www.abbott.com/corpnewsroom/diagnostics-testing/abbotts-new-NAVICA-app-what-you-need-to-know.html
http://pharmabiz.com/NewsDetails.aspx?aid=129938&sid=2
http://pharmabiz.com/NewsDetails.aspx?aid=129938&sid=2
https://www.jmir.org/2021/9/e26869/
http://dx.doi.org/10.2196/26869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34519664&dopt=Abstract
http://europepmc.org/abstract/MED/35393791
http://dx.doi.org/10.1002/advs.202105904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35393791&dopt=Abstract
http://europepmc.org/abstract/MED/30814711
http://dx.doi.org/10.1038/s41586-019-0956-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30814711&dopt=Abstract
http://dx.doi.org/10.1016/j.healthpol.2014.10.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25467286&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0359-3
http://dx.doi.org/10.1186/s12911-016-0359-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27630020&dopt=Abstract
https://doi.org/10.4081/hpr.2019.8099
http://dx.doi.org/10.4081/hpr.2019.8099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31583292&dopt=Abstract
https://www.itmedicalteam.pl/articles/barriers-to-adoption-of-consumer-health-informatics-applications-for-health-self-management-105828.html
http://dx.doi.org/10.1201/B13617-39
https://mhealth.jmir.org/2018/8/e172/
http://dx.doi.org/10.2196/mhealth.9316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30158101&dopt=Abstract
http://europepmc.org/abstract/MED/32308899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32308899&dopt=Abstract
http://dx.doi.org/10.1007/s10916-010-9600-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20878452&dopt=Abstract
http://wwweditorialmanagercom/cogentpsychology
http://dx.doi.org/10.1080/23311908.2020.1764703
http://dx.doi.org/10.1089/tmj.2013.0092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24161004&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33033018
http://dx.doi.org/10.1136/bmjopen-2020-037295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33033018&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33444172
http://dx.doi.org/10.1136/bmjopen-2019-036298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33444172&dopt=Abstract
http://dx.doi.org/10.1542/peds.2007-3762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18829788&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=19433844
http://dx.doi.org/10.1370/afm.1002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19433844&dopt=Abstract
http://dx.doi.org/10.1177/1558689815607096
http://europepmc.org/abstract/MED/26949970
http://dx.doi.org/10.1136/emermed-2015-205277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26949970&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Ayres L. Semi-structured interview. In: The SAGE Encyclopedia of Qualitative Research Methods. Thousand Oaks,
California: SAGE Publications; 2008.

35. Creswell J, Poth C. Qualitative Inquiry and Research Design Choosing Among Five Approaches. Thousand Oaks, California:
SAGE Publications; 2016.

36. Alase A. The interpretative phenomenological analysis (IPA): a guide to a good qualitative research approach. IJELS 2017
Apr 30;5(2):9. [doi: 10.7575/aiac.ijels.v.5n.2p.9]

37. Patton M. Qualitative Research and Evaluation Methods. Thousand Oaks, California: SAGE Publications; 1980.
38. Lewin S, Glenton C, Oxman AD. Use of qualitative methods alongside randomised controlled trials of complex healthcare

interventions: methodological study. BMJ 2009 Sep 10;339(sep10 1):b3496 [FREE Full text] [doi: 10.1136/bmj.b3496]
[Medline: 19744976]

39. Bunniss S, Kelly D. Research paradigms in medical education research. Med Educ 2010 Apr;44(4):358-366. [doi:
10.1111/j.1365-2923.2009.03611.x] [Medline: 20444071]

40. Creswell J. The Political in Qualitative Methods Qualitative Inquiry and Research Design: Choosing among Five Traditions.
Thousand Oaks: Thousand Oaks: Sage Publications; 1998.

41. Flowers P, Larkin M, Smith J. Interpretative Phenomenological Analysis Theory, Method and Research. Thousand Oaks,
California: SAGE; 2009.

42. Bartlett G, Macgibbon B, Rubinowicz A, Nease C, Dawes M, Tamblyn R. The importance of relevance: willingness to
share eHealth data for family medicine research. Front Public Health 2018;6:255 [FREE Full text] [doi:
10.3389/fpubh.2018.00255] [Medline: 30234095]

43. Ben-Zeev D, Brenner CJ, Begale M, Duffecy J, Mohr DC, Mueser KT. Feasibility, acceptability, and preliminary efficacy
of a smartphone intervention for schizophrenia. Schizophr Bull 2014 Nov;40(6):1244-1253 [FREE Full text] [doi:
10.1093/schbul/sbu033] [Medline: 24609454]

44. Hibbard JH, Stockard J, Mahoney ER, Tusler M. Development of the Patient Activation Measure (PAM): conceptualizing
and measuring activation in patients and consumers. Health Serv Res 2004 Aug;39(4 Pt 1):1005-1026 [FREE Full text]
[doi: 10.1111/j.1475-6773.2004.00269.x] [Medline: 15230939]

45. Chinn D, McCarthy C. All Aspects of Health Literacy Scale (AAHLS): developing a tool to measure functional,
communicative and critical health literacy in primary healthcare settings. Patient Educ Couns 2013 Feb;90(2):247-253.
[doi: 10.1016/j.pec.2012.10.019] [Medline: 23206659]

46. Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MIS
Q 2003;27(3):425-478. [doi: 10.2307/30036540]

47. Bevan MT. A method of phenomenological interviewing. Qual Health Res 2014 Jan 10;24(1):136-144. [doi:
10.1177/1049732313519710] [Medline: 24413767]

48. Rodriguez KM. Intrinsic and extrinsic factors affecting patient engagement in diabetes self-management: perspectives of
a certified diabetes educator. Clin Ther 2013 Feb;35(2):170-178. [doi: 10.1016/j.clinthera.2013.01.002] [Medline: 23411000]

49. Glaser BG. The constant comparative method of qualitative analysis. Social Problem 1965 Apr;12(4):436-445. [doi:
10.2307/798843]

50. Sim J, Saunders B, Waterfield J, Kingstone T. Can sample size in qualitative research be determined a priori? Int J Soc Res
Methodol 2018 Mar 27;21(5):619-634. [doi: 10.1080/13645579.2018.1454643]

51. Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et al. Saturation in qualitative research: exploring its
conceptualization and operationalization. Qual Quant 2018;52(4):1893-1907 [FREE Full text] [doi:
10.1007/s11135-017-0574-8] [Medline: 29937585]

52. Lincoln YS, Guba EG. But is it rigorous? Trustworthiness and authenticity in naturalistic evaluation. New Directions
Program Eval 1986;1986(30):73-84. [doi: 10.1002/ev.1427]

53. Onwuegbuzie AJ, Leech NL. Validity and qualitative research: an oxymoron? Qual Quant 2006 May 25;41(2):233-249.
[doi: 10.1007/s11135-006-9000-3]

54. Carozzi B, Barrett S. An audit of home testing kits. In: Proceedings of the Joint Annual Conference of the British Association
for Sexual Health and HIV & the Society for the Study of Sexually Transmitted Diseases. 2017 Presented at: The Joint
Annual Conference of the British Association for Sexual Health and HIV & the Society for the Study of Sexually Transmitted
Diseases; Jun 18-20, 2017; Ireland URL: https://www.morressier.com/o/event/58ef894fd462b80290b503ea/article/
58ef94ddd462b80290b50542 [doi: 10.26226/morressier.58ef94ddd462b80290b50542]

55. Manavi K, Hodson J. Observational study of factors associated with return of home sampling kits for sexually transmitted
infections requested online in the UK. BMJ Open 2017 Oct 22;7(10):e017978 [FREE Full text] [doi:
10.1136/bmjopen-2017-017978] [Medline: 29061625]

56. Seguin M, Dodds C, Mugweni E, McDaid L, Flowers P, Wayal S, et al. Self-sampling kits to increase HIV testing among
black Africans in the UK: the HAUS mixed-methods study. Health Technol Assess 2018 Apr;22(22):1-158 [FREE Full
text] [doi: 10.3310/hta22220] [Medline: 29717978]

57. Archibald MM, Ambagtsheer RC, Casey MG, Lawless M. Using zoom videoconferencing for qualitative data collection:
perceptions and experiences of researchers and participants. Int J Qual Methods 2019 Sep 11;18:160940691987459. [doi:
10.1177/1609406919874596]

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e34685 | p. 17https://mhealth.jmir.org/2022/6/e34685
(page number not for citation purposes)

LeRouge et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.7575/aiac.ijels.v.5n.2p.9
http://europepmc.org/abstract/MED/19744976
http://dx.doi.org/10.1136/bmj.b3496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19744976&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2923.2009.03611.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20444071&dopt=Abstract
https://doi.org/10.3389/fpubh.2018.00255
http://dx.doi.org/10.3389/fpubh.2018.00255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30234095&dopt=Abstract
http://europepmc.org/abstract/MED/24609454
http://dx.doi.org/10.1093/schbul/sbu033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24609454&dopt=Abstract
http://europepmc.org/abstract/MED/15230939
http://dx.doi.org/10.1111/j.1475-6773.2004.00269.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15230939&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2012.10.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23206659&dopt=Abstract
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1177/1049732313519710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24413767&dopt=Abstract
http://dx.doi.org/10.1016/j.clinthera.2013.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23411000&dopt=Abstract
http://dx.doi.org/10.2307/798843
http://dx.doi.org/10.1080/13645579.2018.1454643
http://europepmc.org/abstract/MED/29937585
http://dx.doi.org/10.1007/s11135-017-0574-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29937585&dopt=Abstract
http://dx.doi.org/10.1002/ev.1427
http://dx.doi.org/10.1007/s11135-006-9000-3
https://www.morressier.com/o/event/58ef894fd462b80290b503ea/article/58ef94ddd462b80290b50542
https://www.morressier.com/o/event/58ef894fd462b80290b503ea/article/58ef94ddd462b80290b50542
http://dx.doi.org/10.26226/morressier.58ef94ddd462b80290b50542
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29061625
http://dx.doi.org/10.1136/bmjopen-2017-017978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29061625&dopt=Abstract
https://doi.org/10.3310/hta22220
https://doi.org/10.3310/hta22220
http://dx.doi.org/10.3310/hta22220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29717978&dopt=Abstract
http://dx.doi.org/10.1177/1609406919874596
http://www.w3.org/Style/XSL
http://www.renderx.com/


58. Nowell LS, Norris JM, White DE, Moules NJ. Thematic analysis. Int J Qual Methods 2017 Oct 02;16(1):160940691773384.
[doi: 10.1177/1609406917733847]

59. Forero R, Nahidi S, De Costa J, Mohsin M, Fitzgerald G, Gibson N, et al. Application of four-dimension criteria to assess
rigour of qualitative research in emergency medicine. BMC Health Serv Res 2018 Feb 17;18(1):120 [FREE Full text] [doi:
10.1186/s12913-018-2915-2] [Medline: 29454350]

60. Hsieh H, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov 01;15(9):1277-1288.
[doi: 10.1177/1049732305276687] [Medline: 16204405]

61. Ho GW. Examining perceptions and attitudes. West J Nurs Res 2017 May 24;39(5):674-689 [FREE Full text] [doi:
10.1177/0193945916661302] [Medline: 27456460]

62. Leung S. A comparison of psychometric properties and normality in 4-, 5-, 6-, and 11-point Likert scales. J Soc Serv Res
2011 Jul;37(4):412-421. [doi: 10.1080/01488376.2011.580697]

63. Babakus E, Mangold W. Adapting the SERVQUAL scale to hospital services: an empirical investigation. Health Serv Res
1992 Feb;26(6):767-786 [FREE Full text] [Medline: 1737708]

64. Sachdev SB, Verma HB. Relative importance of service quality dimension: a multisectoral study. J Serv Res 2004;1:93-116
[FREE Full text]

65. Qualtrics XM. Qualtrics. 2020. URL: https://www.qualtrics.com/ [accessed 2020-02-01]
66. Robertson J. Likert-type scales, statistical methods, and effect sizes. Commun ACM 2012 May;55(5):6-7. [doi:

10.1145/2160718.2160721]
67. Dorst K. The core of ‘design thinking’ and its application. Design Stud 2011 Nov;32(6):521-532. [doi:

10.1016/j.destud.2011.07.006]
68. Aminzadeh F, Byszewski A, Molnar FJ, Eisner M. Emotional impact of dementia diagnosis: exploring persons with dementia

and caregivers' perspectives. Aging Ment Health 2007 May;11(3):281-290. [doi: 10.1080/13607860600963695] [Medline:
17558579]

69. Cook S, Salmon P, Hayes G, Byrne A, Fisher PL. Predictors of emotional distress a year or more after diagnosis of cancer:
a systematic review of the literature. Psychooncology 2018 Mar;27(3):791-801 [FREE Full text] [doi: 10.1002/pon.4601]
[Medline: 29318702]

70. Sahoo S, Mehra A, Dua D, Suri V, Malhotra P, Yaddanapudi LN, et al. Psychological experience of patients admitted with
SARS-CoV-2 infection. Asian J Psychiatr 2020 Dec;54:102355 [FREE Full text] [doi: 10.1016/j.ajp.2020.102355] [Medline:
33271684]

71. Ng OT, Chow AL, Lee VJ, Chen MI, Win MK, Tan HH, et al. Accuracy and user-acceptability of HIV self-testing using
an oral fluid-based HIV rapid test. PLoS One 2012 Sep 17;7(9):e45168 [FREE Full text] [doi: 10.1371/journal.pone.0045168]
[Medline: 23028822]

72. Vohs K, Baumeister R, Schmeichel B, Twenge J, Nelson N, Tice D. Making choices impairs subsequent self-control. In:
Self-Regulation and Self-Control. Milton Park, Abingdon-on-Thames, Oxfordshire, England, UK: Routledge; 2018.

Abbreviations
DIEGO: Digital Health Engagement Model
HIT: health information technology
ILI: influenza-like illness
RQ: research question
RVI: respiratory viral infection
smart HT: smartphone-supported home testing

Edited by L Buis; submitted 07.03.22; peer-reviewed by L Marcial, T Risling; comments to author 08.04.22; revised version received
15.05.22; accepted 17.05.22; published 30.06.22

Please cite as:
LeRouge C, Durneva P, Lyon V, Thompson M
Health Consumer Engagement, Enablement, and Empowerment in Smartphone-Enabled Home-Based Diagnostic Testing for Viral
Infections: Mixed Methods Study
JMIR Mhealth Uhealth 2022;10(6):e34685
URL: https://mhealth.jmir.org/2022/6/e34685
doi: 10.2196/34685
PMID:

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e34685 | p. 18https://mhealth.jmir.org/2022/6/e34685
(page number not for citation purposes)

LeRouge et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1177/1609406917733847
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-2915-2
http://dx.doi.org/10.1186/s12913-018-2915-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29454350&dopt=Abstract
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
http://dxdoiorg/101177/0193945916661302
http://dx.doi.org/10.1177/0193945916661302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27456460&dopt=Abstract
http://dx.doi.org/10.1080/01488376.2011.580697
http://europepmc.org/abstract/MED/1737708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1737708&dopt=Abstract
https://www.researchgate.net/publication/252640723_Relative_importance_of_service_quality_dimensions_A_multisectoral_study/link/5747eb3208aef66a78b083d0/download
https://www.qualtrics.com/
http://dx.doi.org/10.1145/2160718.2160721
http://dx.doi.org/10.1016/j.destud.2011.07.006
http://dx.doi.org/10.1080/13607860600963695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17558579&dopt=Abstract
http://europepmc.org/abstract/MED/29318702
http://dx.doi.org/10.1002/pon.4601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29318702&dopt=Abstract
http://europepmc.org/abstract/MED/33271684
http://dx.doi.org/10.1016/j.ajp.2020.102355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33271684&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0045168
http://dx.doi.org/10.1371/journal.pone.0045168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23028822&dopt=Abstract
https://mhealth.jmir.org/2022/6/e34685
http://dx.doi.org/10.2196/34685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Cynthia LeRouge, Polina Durneva, Victoria Lyon, Matthew Thompson. Originally published in JMIR mHealth and uHealth
(https://mhealth.jmir.org), 30.06.2022. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete
bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as this copyright and license
information must be included.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 6 | e34685 | p. 19https://mhealth.jmir.org/2022/6/e34685
(page number not for citation purposes)

LeRouge et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

