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ABSTRACT
US asthma prevalence increased by five million in the last decade and health care
spending for the disease increased from $53 billion to $56 billion. Children are more likely than
adults to have an asthma attack and its estimated that 1-in-10 youth has asthma. Despite
initiatives to promote adherence to practice guidelines, childhood asthma emergency room) visits,
and hospitalizations remain steady while the number of asthma deaths have increased over a 17year period. Preliminary studies find the majority of adolescents prefer smartphones as a means
of education and guidance. A modified Technology Acceptance Model (TAM) survey was
comprised of 15 statements that explored providers’ acceptance of smartphone applications
(apps) as an adjunct strategy for management of asthma among adolescents in the outpatient
setting. Current insight in adolescent asthma demonstrates multifaceted disparities in care
stemming from biological and developmental transitions unique to adolescents. The quantitative,
descriptive design of the project assessed two factors integral to the TAM related to provider
acceptance and perception: 1) Perceived use (PU), and 2) Perceived ease of use (PEU). The
survey sample consisted of 18 providers. Overwhelmingly, the majority of providers surveyed
favored use of a smartphone app for adolescent asthma and believed apps had the potential to
improve the quality of adolescent asthma management. Most participants agreed; smartphone
apps might help accomplish benchmarks for adolescent asthma management. Numerous studies
demonstrate adolescents’ preference for technological interventions for self-management of their
asthma symptoms. The survey results reinforce the willingness of providers to accept asthma
smartphone apps as a potential adjunct management strategy for adolescent asthma. Additional
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studies involving providers are required to further explore provider attitudes of acceptance and
rejection relating to smartphone apps for chronic health conditions.
Keywords: smartphone applications, mobile applications, adolescent, self-management, asthma,
primary care, provider, mHealth
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BACKGROUND
US asthma prevalence continues to increase with 1 in 14 having asthma in 2001 (around
20 million, or 7%) compared with 1 in 12 in 2009 (roughly 25 million, or 8%). Despite initiatives
to promote adherence to practice guidelines, childhood asthma emergency room (ER) visits and
hospitalizations remain steady while the number of asthma deaths have increased over a 17-year
period. More than half of the population diagnosed with asthma has experienced an asthma attack;
children had more attacks than adults and 1 in 10 youth have asthma. From 2008-2010, asthma
was more prevalent in children than adults and data from the same period indicate less than half of
affected patients were directed on how to avoid asthma triggers. These figures represent a
significant cost burden with an estimated $3,300 per person for health care, work and school
absenteeism, and morbidity. On the whole, asthma care spending increased in the US from $53
billion in 2002 to $56 billion in 2007, and represents a 6% increase (American Academy of
Allergy Asthma, & Immunology [AAAAI], 2016; Hennessy-Harstad, 2013; Weinberger, 2009).
Only half of all adolescents follow their care plans (Elias, Rajan, McArthur, & Dasco, 2013).
An explanation for this, according to Sadof and Kaslovsky (2011) could be attributed to
developmental factors. The rapid growth period unique to pre-teens and teenagers alike creates
vulnerabilities, including taking more risks, underestimating disease chronicity; they forget and
resist their medication regimens (Sadof & Kaslovsky; Sullivan et al., 2007; Towns & van Asperen,
2009).
Britto et al. (2014) found underserved adolescents with asthma were less likely to adhere
to their treatment regimen than their younger counterparts. In a small study investigating
interpersonal influences on asthma self-management skills among adolescents with asthma,
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Quaranta, Logvis, Wool, Brown, and Joshy (2014) discovered an overwhelming knowledge
deficit among adolescents surrounding their asthma diagnosis. Quaranta et al. (2014) reported
teens lacked understanding of their triggers, were unable to identify symptoms requiring clinical
oversight, and how they could self-management their asthma. Clark et al. (2010) postulated a
number of factors, mainly biological and developmental, which may have contributed to several
asthma management barriers among adolescents. New modalities are required to address the
specific challenges, which persist in the adolescent population. Towns and van Asperen (2009)
outlined the complexities of managing adolescent asthma and recommended providers take a
supportive approach to improve adolescent asthma management outcomes. They suggested a
gradual approach, starting with an introduction of self-administration accompanied by simple
instruction when the child is a young teen with a goal of self-administration by age 16.
At present, most literature and interventions target acute care settings. More studies are
needed focusing on the obstacles of outpatient adolescent asthma management (Clark et al., 2010;
Larson et al., 2010). Outpatient care settings have an opportunity to prevent the overuse of
emergency rooms and decrease hospital admissions, but novel supportive strategies are needed to
address the unique needs of the adolescent population (Sadof & Kaslovksy, 2011; Towns & van
Asperen; Yawn, 2011).
Purpose
The aims of this study were to review the literature for both supportive findings and gaps
for asthma smartphone apps and to provide an opportunity for providers to evaluate their
potential use through surveying perceived use (PU) and perceived ease of use (PEU) of a novel
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approach for a possible supportive strategy for adolescent asthma management thereby leading to
an improvement in adolescent asthma outcomes.
The American Academy of Family Physicians (AAFP) (2014) conducted a needs
assessment identifying practice gaps in the primary care management of adolescent asthma. One
focus group uncovered a demand for interventions to educate youth on symptom triggers and
how to avoid them (AAFP). Technological innovations such as mobile applications (apps), and
mobile health (mhealth) offer an innovative means of engaging adolescents with asthma.
Since 78% of teenagers carry a cell phone, asthma smartphone apps may have potential to
actively engage adolescents in their asthma care, by increasing knowledge, symptom perception,
and decreasing utilization of acute care facilities (AAFP, 2014; Child Trends, 2013; Farooqui et
al., 2014, Madden et al., 2014). Adolescent asthma care providers have an opportunity to educate,
prevent, and empower adolescents with asthma and are recognized stakeholders in asthma
management along with adolescents and their parents (Yawn, 2011). Evidenced based asthma
apps may be the beginning of bridging the communication gap between provider and the
adolescent patient (Farooqui et al.).
Problem Statement
A two-fold problem exists in adolescent asthma management. First, adolescents are
vulnerable to developmental characteristics making them resistant to acknowledging the serious
aspects of their disease process (Clark et al., 2010; Sadof & Kaslovsky, 2011). Second, despite
more effective medications for asthma management and updated guidelines, improvements are
lacking and adolescents continue to be the most difficult group to manage (Towns & van
Asperen, 2009; Weinberger, 2009). A possible solution might be the fast-moving tech sector’s
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partnership with healthcare researchers to create novel solutions appealing to adolescents (Elias et
al., 2013).
Current Practice Guidelines
The National Heart, Lung, and Blood Institute (NHLBI) (2012) outline the current
practice guidelines for management of asthma. After initial diagnosis of asthma, at each
encounter a thorough assessment of asthma control, medication technique, written asthma action
plan, medication adherence, and patient concerns, are conducted. At least every two years,
spirometry analysis should be performed, more often if symptom severity requires it. Asthma
medications are titrated in a stepwise fashion; every visit should include a determination of
asthma severity based on symptoms, and the need to step up therapy, or to reduce medications.
Currently, long-term controller medications are the cornerstone of asthma medication
management. Key goals for asthma management are to reduce harms, prevent symptoms, and
overuse of rescue inhalers, and promote quality of life. Every patient encounter is an opportunity
to educate, and reinforce learning. Peak flow monitoring, symptom recognition, and avoidance of
triggers are emphasized in an effort to facilitate self-management.
Literature Review
Literature was sourced from PubMed, CINAHL, Google Scholar, Clinical Key, and
EMBASE using an iterative approach to reveal new studies on a recent trend in healthcare and
technology, the mobile, or smartphone apps, for management of chronic disease. Search inclusion
terms were: ‘smartphone applications,’ ‘mobile applications,’ ‘adolescent,’ ‘self-management,’
‘asthma,’ ‘primary care,’ ‘provider,’ ‘mHealth,’ and ‘management.’ Preference was given to
primary, peer-reviewed articles. Literature older than five years was excluded from the search
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because of concerns of relevance in a rapidly evolving tech-driven era. At least 920 articles were
found and narrowed down by relevance to 23 included in a critical appraisal. The latest literature
search was run in July 2016.
Supportive Findings
A modest amount of applicable articles were found using the inclusion criteria. Most
consisted of pilot studies, and beta tests for new apps. One small, prospective, pilot study
involving 21 participants, ages 9-16 showed promise for smartphone apps for asthma
management assistance. The study using the AsthmaCare IOS app demonstrated 95% of
participants preferred an asthma smartphone app for education and guidance to previous
traditional methods (Stukus, Phillips, & Farooqui, 2014).
Elias et al. (2013) conducted a small pilot study showing favorability for game-based
inexpensive spirometry devices interfacing with mobile apps in ages 7-14. Smartphone apps
featuring disease monitoring and assistance were found to be more popular with users having
chronic health problems versus apps focusing on a solitary aspect of care such as education
(Martinez-Perez, de la Torre-Diez, & Lopez-Coronado, 2013).
Forgetfulness was one of the key reasons adolescents failed to adhere to their medication
regimens (Koster, Philbert, de Vries, van Dijk, & Bouvy, 2015). Adolescents preferred a
smartphone alert function to take their medications. Likewise, asthma apps as an adjunct tool for
management of adolescent asthma align with findings on internet learning preferences for
adolescents (Koster et al.; Rhee, Wenzel, & Wyatt, 2006). Moreover, smartphone apps like the
AsthmaMD (2014) app may have potential to both educate and engage because adolescents
regarded the internet as a primary source of information (Koster et al.; Madden et al., 2013). Both
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a pilot and thematic analysis revealed evidence both older children and adolescents prefer
smartphone apps for education and guidance (Koster et al.; Stukus et al., 2014).
A prospective usability and effectiveness, single arm, proof of concept (POc) trial,
showed improved asthma control using smartphone apps to engage patients by providing
education and self-management strategies (Cook, Modena, & Simon, 2016). The study included
60 participants, ages 17-82, with the majority having poorly controlled asthma. Patients used the
app developed by Scripps, titled Asthma Coach, for educational videos, trigger recognition, and
symptom management. The Asthma Control Test (ACT) was applied at onset, during the fourmonth study, and at the study’s conclusion. The ACT results were poor to inadequate controlled
at onset, 16.6 average score, and at end controlled, 20.5. Moreover, the app used five ACT
generated questions yielding results, either red (poorly controlled score) <16, yellow (inadequate
control) 16-19, and green (controlled) >19-25. A score of yellow or below triggered instant
informational intervention videos, and education. In addition, a retrospective chart review
assessed lung function and steroid prescribing. Patients using the Asthma Coach app showed an
increased, predicted 7.9% FEV1, lung function, and decreased systemic steroid use, 0.5 to 0.3
bursts over a six-month period (Cook et al., 2016). Fifty-one patients continued to use the app
after the study’s conclusion.
Low literacy and reward-based strategies, using positive feedback text for ICS use, were
the focus of a POc, feasibility inquiry by Mosnaim et al. (2015). The researchers postulated low
literacy reduced asthma medication adherence, therefore reducing health outcomes. They
assessed feasibility over eight weeks by means of acceptability and use, and effectiveness by
inhaled corticosteroid (ICS) daily outcomes and a target increase of three points applying the
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ACT. The M-ADEPT (Mobile-Adolescents’ Disease Empowerment and Persistency
Technology), smartphone app and blue tooth integrated inhaler actuator served as interventions.
The 12 underserved African-American participants diagnosed with persistent asthma ranged from
age 11 to 16. Social cognitive behavior theory guided behavior change themes within the app,
and tailored communication was specific for low literacy populations. Benchmarks were met at
conclusion; a three-point clinically significant increase in ACT result was achieved and SABA
use decreased from three times per week to zero.
Additional evidence found by Farooqui, Phillips, Barrett, and Stukus (2015) reinforced
findings of adolescent preference for reward-mediated game-based play within an asthma app,
AsthmaCare. This time, researchers conducted another pilot study applying evidence-based
asthma guidelines set forth by the National Heart Lung Blood Institute (NHLBI) in an app with
rewards in the form of unlocking tiers. The pilot consisted of a 30-day trial involving, 24
participants taking an ICS with a LABA, and ages 9-16. Before and after surveys using identical
open-ended questions assessed outcomes of acceptability and usage patterns with a focus on
asthma knowledge. Participants, 81%, were able to unlock the highest tier level, proper inhaler
technique improved from 36.9% to 53%, and a 68.8% improvement of identification of triggers
was demonstrated at study completion. At study’s baseline, 12 out of 21 participants, 51%, were
given written an asthma action plan, and none kept their plan. With the integrated asthma action
plan, 12 out of 12 used their asthma action plan. At conclusion, 100% reported a better
understanding of their asthma and 95% preferred using the AsthmaCare app compared to
traditional measures.
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The ACT continued to be widely applied in studies with supportive evidence for asthma
apps. Searing and Bender (2012) executed a month long, prospective, controlled, pilot project for
short messaging service (SMS), commonly known as texting. The study randomized 43
adolescent participants with asthma. The intervention group received two texts pertaining to
asthma education every other day. A voice-activated survey was conducted at baseline and
completion using queries with the ACT, medication use, and views on the SMS program. Ninetythree percent of adolescents responded favorably to the SMS intervention while 7% indicated
there were too many texts sent. A significant amount of participants showed increased adherence
with medication use and confidence in managing their asthma symptoms.
Carpenter et al. (2015) paired an adult-based app, AsthmaMD, with a youth-specific app,
iAsthma, applying a convenience sample of 20 caregiver and adolescents, ages 12-16, with severe
persistent asthma, and six providers, for a weeklong trial. The authors hypothesized adolescents
would prefer the iAsthma app over the AsthmaMD app. Their hypothesis was reinforced by their
findings because 57% of the adolescents preferred iAsthma while 50% of their caregivers and
providers preferred the youth-specific app. The ability to track symptoms and asthma selfmanagement were rated highest by the adolescents while caregivers found the capability to
interface with providers and symptom diary most beneficial. Providers appreciated the
appointment reminder function of iAsthma the most. Peak flow recording was given the lowest
ratings of all participants. The study received funding from the America Lung Association.
Few studies focus on applying technology to improve communication between provider
and patient thereby improving their relationship. The deficit became the driver for a small sixmonth pilot, beta-test involving 25 adolescents with persistent asthma and nurse care coordinators
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using SMS, text messaging (Haze & Lynaugh, 2013). The beta-test used a convenience sample
from the National Asthma Education and Prevention Program (NAEPP), utilizing nurse care
coordinators that provided support for children ages 5 thru 18 with checkups ranging from 1 to 6
months regarding medications, symptoms, and education. The technology acceptance model
(TAM) identified teenagers in the Connected Care program who were enthusiastic about
technology; they then, became part of the beta-test for the asthma app. An analysis of nurse care
coordinator workflow targeted four specific areas: health assessment, a personalized health plan,
asthma education, and communication, within the already present care program. The app used
either an iOS, or Android platform. The app’s developers along with a multidisciplinary team
collaborated on the app. The beta-test, pilot study objectives were effectiveness and feasibility. A
mixed-method approach led data collection, consisting of baseline, bimonthly, and conclusion
accessing smartphone logs, surveys, and semi-structured interviews with both participants and
care coordinators.
A crucial finding discovered through the results of a beta-test, pilot study using an asthma
app found smartphones improved communication between teens and their primary care nurse
coordinators (Haze & Lynaugh, 2013). One teenager was not even aware he had a support nurse
care coordinator. Eighty-five percent of teenagers preferred using an app for communication and
reported an improved relationship with their care coordinators. Overwhelmingly, the teenagers
felt they were able to ask more questions, care coordinators were more accessible, and responses
were expedited via SMS. The care coordinators reported improved direct access to their
adolescent patients, wherein, with traditional methods, the parents were often the contact. They
felt this enhanced the quality of the information regarding the care of the adolescent patient.
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Evidence for SMS communication between patient and multidisciplinary team members
continued to be supported in a randomized control trial, secondary data collection, 2953 SMS text
between five nurse case managers and 218 adolescents, ages 12-18, with asthma (Yoo et al.,
2015). The Mobile-Comprehensive Health Enhancement Support System, or MCHESS, an app,
including SMS messages was analyzed over a two-year period and subjected to a novel coding
scheme, Roter Interaction Analysis System (RIAS) using social exchange theories to track
relevant patterns. Trial results showed nurse care managers sent more task-oriented task messages
whereas adolescents sent more SMS with also task oriented but with additional socioemotional
content. Both nurse case managers and adolescents alike sent tailored messages while nurse case
managers sent more group SMS with generalized information regarding asthma. Yoo et al.
concluded with emphasis on the need for SMS in apps for healthcare to include age-specific
socioemotional content.
Johnson et al. (2016) brought forth more evidence for technical approaches through a
block RCT demonstrating additional rationale for mHealth apps. The trial included 98
adolescents randomized to an SMS-specific app for asthma, MyMediHealth (MMH), for
medication scheduling, with texted reminders. The control group received action list. Aims of the
study were to appraise MMH, its potential to increase medication use as prescribed, and
effectiveness for adolescent self-management of their asthma. The authors defined their outcome
measures as app usage habits, and self-reports of app capabilities, medication use, symptom
control, self-management, and quality of life (QOL). When compared with the control group, the
MMH group was significant for self-reported medication use (P = .011), QOL (P = .037), and
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self-management of symptoms (P = .016). Moreover, participants reported greater selfconfidence using the app.
A thematic analysis reported additional confirmation of asthma apps potential to increase
self-reliance over their asthma symptoms (Roberts et al., 2016). The qualitative study examined
20 adolescents, their caregivers, and three friends, their interaction preferences with each other,
and providers, and how caregivers, and friends interacted with the adolescents with asthma
through the app. Data was extracted from semi-structured interviews from participants. Youth
with asthma preferred to use the app with their caregivers as primary support, interfaced with
friends for information, and for acceptance and information exchange with others who had
asthma. Adolescents reported the app improved communication with caregivers and providers
and self-management of their asthma. The study concluded that apps could promote self-support
for adolescents with asthma.
Another tech device took asthma monitoring one step further, and therefore, deserves
mention. An automated device for asthma monitoring (ADAM) was beta-tested in three phases
with adolescents, ages, 13-17, with and without asthma (Rhee, Miner, Sterling, Halterman, &
Fairbanks, 2014). Phase 1 focused on device development, Phase 2 examined user
adoption/validation, and Phase 3 comprised post hoc validation with changes made to increase
functionality. The developers identified their goals as: (1) to delineate the evolution of the device,
and, (2) to gain insight into adolescent ideas on usability and adoption of ADAM. ADAM used a
microphone with a decoder to analyze coughs of the participants to evaluate their asthma
symptoms. After updates were made to the algorithm, the sensitivity of the cough monitor
increased to 70%. Participants’ activity levels were monitored as well. Adolescents felt ADAM was

23

appealing, easy to use, and beneficial; they were enthusiastic about using it for their asthma
symptoms. Developers and researchers collaborating on ADAM expressed optimism and its
application for automated monitoring of asthma symptoms as an unobtrusive, but objective method.
Gaps
With exception of the Cochrane study, there were gaps in randomized control trials,
provider perspectives on smartphone apps, and study size to increase effect size. The literature
reviewed included limited studies on apps and their potential for asthma self/co-management.
The authors called for increased homogeneity in studies and grounded theory to assist in design
of smartphone apps (Marcaso Belsario et al., 2013). Martinez-Perez et al. (2013) requested
additional literature, again using theoretical underpinnings, and for application specific research.
Huckvale, Car, Morrison, and Car (2012) asserted asthma apps needed to provide reliable,
evidenced-based information. An updated version of their original systematic review was
published to reflect the influx of smartphone apps for asthma; it examined if there had been
changes in quality (Huckvale, Morrison, Ouyang Ghaghda, & Car, 2015). Unfortunately, the
three-year span only showed the same; a need for apps aligning with current literature and
clinically sound approaches with quality governance employed.
Adherence to self-management and treatment of their disease among adolescents
diagnosed with asthma continues to be a problem. Britto et al. (2014) revealed adolescents with
asthma were more difficult to treat than their younger counterparts. Towns and van Asperen
(2009) emphasized that as teenagers approach and enter adulthood, they become even more
resistant to following their prescribed regimens with adherence rates as low as 10% from ages 18
to 28. Findings were further substantiated by research from Clark et al. (2010) and Mulvaney et
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al. (2013) who contended teens that required self-medication were 53% more likely to forgo their
medications in the presence of friends. Sadof, Kaslovsky, and Yawn (2011), found 50% of
adolescents with asthma managed in the primary care setting had under-controlled asthma.
While smartphone apps demonstrated the ability to educate, monitor, and interface with
patients in a spontaneous and convenient manner, there are safety concerns, including liability,
accuracy, and quality (Maged et al., 2014; Majeed-Arris et al., 2015). Likewise, there was a lack
of high quality apps for management of the World Health Organization-designated (WHO) top
eight chronic health conditions (Majeed-Arris et al.; Martinez-Perez et al., 2013). Researchers
identified the need for additional rigorous studies with large sample sizes to substantiate efficacy
of apps as adjunct therapy for adolescent chronic disease management.
Smartphone’s high interaction requirements and interruptive alerts were drawbacks
identified by patients for chronic disease management (Cook et al., 2016). Furthermore, keeping
patients engaged in app use posed another challenge as interest typically wanes over a period of
time. Likewise, patient variability in app use may be unpredictable with high use from some
groups and lower use with others (Johnson et al., 2016). Researchers hypothesized cultural
differences may be to blame.
Haze and Lynaugh (2013) beta-test pilot study used an app to communicate with
teenagers about their asthma uncovered additional drawbacks. The inability of smartphone apps
to interface with the electronic health record (EHR) was a significant problem. Often the inability
to interface resulted in double charting and documentation lag time in the EHR created
information gaps for other multidisciplinary team members using an EHR. Thus, the app versus
EHR incompatibility barrier needs should be remedied for smartphone apps to reach their full
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potential. Haze and Lynaugh called for more nurse involvement in healthcare technology to assist
in development of a user-friendlier, efficient platform.
Framework
Dr. Fred Davis (1989) adapted the Technology Acceptance Model (TAM) from the
Theory of Reasoned Action (TRA). The TRA emerged 10 years prior to the TAM and focused
solely on the computer user’s experience postulating that one’s beliefs and attitudes affect the
likelihood they will either accept or reject technology. The TAM expanded on the TRA, became
more detailed, and was initially developed to assess the new user’s experience related to
computers in the workplace. Both models are grounded in social theory, focusing on beliefs,
attitudes, and intent and their relationship to adoptive behaviors. Likewise, while the TAM
examines acceptance, it also considers rejection.
The TAM assessed two psychological constructs: perceived usefulness (PU) and perceived
ease of use (PEU). The primary factor determining use and subsequent adoption of technology
was PU, or the extent one believed a new process would improve their job performance (Davis,
1986). A secondary determining factor was the perceived ease of use (PEU) degree of mental
and/or physical effort the proposed strategy conferred to one’s job. The TAM posits increased
ease of use directly influences perceived usefulness. A total of 15 validated Likert scaled questions
were widely modified and applied to acceptance analysis specific to technology (Appendices B &
C) (Davis). The original questions included seven-scaled items for PU and eight-scaled items
targeting PEU (Davis, 1989).
The TAM has been formally validated as a reliable tool for evaluating technological
applications (Davis, 1986). The TAM delineated theoretical underpinnings of the framework for
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exploration into the provider perceptions of acceptance for asthma apps applied as a supportive
management tool for adolescent asthma. Figure 1 illustrates the original TAM (Davis, 1989).

METHODS
Project Design
The quality improvement project applied a quantitative, descriptive design. The decision
to implement a project using a quantitative model considered: (a) the willingness to accept
smartphone apps; (b) the gaps in literature; and, (c) the developmental challenges of managing
adolescent asthma. The explanatory infographic provided a quick overview presenting critically
appraised literature and its application to smartphone apps for adolescent asthma. The infographic
was emailed along with the survey to participating providers for reference on asthma smartphone
apps and assisted with answering survey statements. The aforementioned TAM of behavior
change provided the framework; moreover, the clinician’s perception on use and function for a
21st century, youth-preferred approach and the asthma smartphone (apps), remained the focus of
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the survey (Davis, 1986). A recent internet usage and application study demonstrated
adolescents’ preference for technology and provided salient rationale for further exploring an
asthma smartphone app for chronic illness management (Madden et al., 2013; Stukus et al.,
2014).
Dr. Fred Davis was consulted and permission was obtained to use the TAM for
formulation of survey questions (Appendix D). The survey consisted of three parts (Appendix A).
The initial question will eliminate providers who do not see adolescents with asthma in their
practice. Next, there are five questions pertaining to demographics including practice specialty,
degree obtained, practice location, and years of experience. The other 15 statements are adapted
from the TAM model. Seven statements (7 through 13), assessed perceived use, primary determinants
of adoption, or acceptance of technology. The remaining eight statements (14 through 21), targeted
perceived ease of use, or perceptions of reduced effort. The Likert response scale as per the original
TAM measured the responses. To ensure content validity, Dr. Davis and four other experts
reviewed the adapted questions. The four experts who reviewed the questions were three internal
medicine doctor of osteopaths (DOs), all oversee patients with asthma, and an PhD nursing
professor with a focus on technology. The TAM survey attempted to reveal PU acceptance and
PEU applied to asthma apps for possible practice integration as an adjunct adolescent asthma
management strategy.
A quantitative descriptive study had potential to illuminate providers’ acceptance through
perceived use (PU) and perceived ease of use (PEU), and uncovered valuable information for
potential consideration of asthma smartphone apps. In other words, the study attempted to answer
the question; will providers perceive asthma apps as an adjunct management strategy for
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adolescent asthma? The survey was adapted from the Technology Assessment Model (TAM) and
was distributed via email to providers and explored their knowledge of asthma apps and their
willingness to use apply their use for the management of asthma in the adolescent population. The
results of the study began to elucidate the gaps between provider knowledge related to use of
technology in outpatient care settings, and their relationship to adolescent asthma management.
Participants
A convenience sample of NPs was recruited from a voluntary listserv email provided
from the Coalition of Nurses in Arizona in Advanced Practice (CAZNAP). To date, CAZNAP
had 1879 unique email addresses, approximately 93% belonged to licensed certified nurse
practitioners in Arizona. Other participants in the survey were clinicians recruited from eight
clinics and offices from the Allergy and Allergy Care Associates of Northern California in the
San Jose area. The sample size aimed to involve a wide range of providers that see adolescents
with asthma in their practice settings. The inclusion criteria for the study was national board
certification, licensed in the state in which they practiced, at least one-year practicing, and
management of adolescent patients with asthma. The goal was for a minimum of 20 providers
participating in the survey.
Institutional Review Board Approval
An application was submitted to The University of Arizona Institutional Review Board
(IRB) for review. IRB approval conveyed the ethical scrutiny necessary for the project and
verified participants with an expected level of beneficence consistent with current research
practices. The risks involved in completing the survey were minimal, however, it did examine
providers use perceptions with regard to practice change, and consequently, it may have given
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rise to unpleasant emotions, thus, it may have been an uncomfortable experience. An emailed
survey allowed participants freedom to respond without bias to the purposed questions without
the pressure of a peer group setting (Kelty, n.d.; Polit & Beck, 2010). The project provided full
disclosure within the initial survey with proof of IRB approval allowing participants to withdraw
at any time. Survey answers were only recorded if completed. No personal information was
gathered and the survey was entirely anonymous.
Qualtrics cloud based survey platform hosted the survey. Qualtrics holds a reputation for
confidentiality protection systems embracing the HITECH (Health Information Technology for
Economic and Clinical Health Act) and Health Information Privacy Protection Act (HIPPA) data
security in accordance with the highest standards (Qualtrics, 2016). A Transport Security Layer
(TLS) of data encryption (better known as HTTPS) was applied to all data transmission and data
at rest. Internet protocol (IP) addresses were concealed by storage in a password protected folder
along with HTTP reference verification for statistical purposes (Qualtrics). Data was stored by
third party that were SSAE-16 SOC 1 Type 2 authenticated (Qualtrics, 2015). Data on deprecated
hard drives were disposed by U.S. DOD methods through delivery to a third-party data
destruction service.
Setting
The study setting aimed for a diverse convenience sample of outpatient providers
recruited via email invitation from different settings, outpatient clinics, and practices in Arizona
and California. The goal was to elicit a sizable number of responses to gain insight into providers’
openness to using technology to engage adolescents as active participants in their care. Not only
did the survey attempt to understand provider perceptions of use and function of asthma apps for
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adolescent asthma management, but also, to better understand how providers viewed novel
technological approaches.
Data Collection Tools
The Qualitrics software platform was used to format the survey and collect the data. The
emailed survey provided an attached disclosure statement. Providers had an opportunity to
participate in the survey evaluating the use and function of smartphone apps for adolescent
asthma management after reading an infographic (Appendix G) highlighting the pertinent
literature.
Data Collection Plan
Data collection consisted of survey answers generated through Qualtrics. Participants had
one month to respond to the survey statements. The projected time to complete the survey was
approximately 10 minutes and was addressed in the recruitment email. Participants were able stop
the survey at any time without repercussions. Contact information for the primary investigator
and committee was provided for participants who may have had a question or a complaint. A
reminder email was sent out at weeks two and three.
Data Analysis Plan
The DNP project employed a cross-sectional, descriptive research design in order to gain
insight into providers’ perceptions of smartphone applications as a complementary strategy for
adolescent asthma within a specific time period (Polit & Beck, 2010). In addition, it sought to
describe and document provider attitudes towards technology. Quantitative descriptive analyses
provided a suitable means of observing feedback from providers without experimentation (The
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Office of Research Integrity, n.d.). Aligning with the traditional descriptive statistics, data was
analyzed from a one-time survey.
Necessary Resources
Overview of the resources needed to carry out the project included formulation of an
infographic; synopsis of the literature addressing various asthma smartphone apps, WiFi
connectivity, and computer generated email surveys, and limited time requirements by providers.
The survey builder and data analysis software were integrated through the Qualtrics (n.d.)
platform and were available without cost.
Results
The survey gathered a total of 22 eligible respondents. Four participants were eliminated
because they did not see adolescents in their practice. Another four participants did not complete
the survey. A total of 18 participants completed the survey successfully. The first five survey
questions gathered demographics information (Table 1). The majority of participants (12) were
family practice focused. Four recorded responses were from asthma and allergy specialty
providers.
Survey responses to the perceived used statements, the first seven statements, were
overwhelmingly positive toward asthma smartphone apps. A large majority of providers, 89%, in
both Arizona and California agreed a well-designed smartphone app might address the needs of
adolescent asthma management, and, most, 78% agreed a smartphone app would allow more
comprehensive management of adolescent asthma. When asked about smartphone apps
improved ability to monitor adolescent asthma, most were in agreement that smartphone apps
might be more effective than current traditional methods. An overwhelming number of

32

participants, 16, agreed asthma smartphone apps had potential to improve the quality of
adolescent asthma management and thought smartphone apps might make it easier to relate to
adolescents when managing their asthma symptoms. The majority agreed that the asthma apps
would be useful in managing adolescent asthma, and only a small number of participants (3),
responded neutrally.
The final eight statements, related to perceived ease of use, or reduced use effort. Half of
respondents disagreed that interacting with an asthma management smartphone app appeared
frustrating. A small proportion, 11%, felt a smartphone asthma app might be frustrating. Only a
few participants (4), felt they would need to consult the help menu often. Most participants
disagreed that a smartphone app would require a great deal of mental effort but asthma
smartphone apps did not appear rigid or inflexible to most of the participants. By in large, most
providers, or 83%, felt smartphone apps could help accomplish benchmarks for adolescent
asthma management, and indicated the apps were easy to understand. The encouraging
preliminary outcomes indicated providers might be increasingly comfortable using technology in
their practice when it is a population specific preferred method of management.
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TABLE 1. Survey Demographic Results
Practice Specialty
Family
Pediatrics
Asthma/Allergy
Internal Medicine
Degree
MSN
DNP
MD
Years in Practice
1-5
6-10
11-15
16-20
>20
Practice Setting
Rural (<50,000)
Urban (≥50,000)
Age
<35
≥ 35-50
51-69
>70

Arizona

California

11
1
0
1

1
0
4
0

11
2
0

4
0
1

7
4
1
1
3

1
1
0
0
1

3
10

0
5

1
6
6
0

0
2
3
0

DISCUSSION
Results of the provider survey for adolescent asthma were encouraging, however, they
were limited by small size participation. The perception of use for asthma smartphone apps for
adolescent asthma was very positive. The majority of providers were willing to consider a welldesigned asthma smartphone app for management of adolescent asthma, and felt technology has
potential to improve the quality of adolescent asthma. Equally encouraging were favorable
provider response feedback obtained for asthma apps potential effectiveness over traditional
methods, improved ability to both relate to adolescents, and to achieve benchmarks of adolescent
asthma management. Surprisingly, some of the least favorable responses were received from a
single millennial DNP provider participant who neither agreed nor disagreed with perceived use
of apps. The remaining participants, ages 35-50 and ages 51-69, revealed a positive perception of
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smartphone apps for adolescent asthma management. A considerable number of participants
were from urban areas while a small number practiced rurally, but because of the study’s design
it was impossible to conclude which group was more comfortable using apps or their willingness
for use for adolescent asthma management. Likewise, the small study was unable to reveal any
relationships in favor or against smartphone apps when comparing specialists’ responses from
generalist responses, yet another drawback to its approach.
When it came to perceived ease of use, the results remained supportive. Half of the
respondents disagreed that an app would be frustrating, but seven providers neither agreed nor
disagreed with the statement; indicating there might be possible apprehension interacting with
apps. Again, half of the participants disagreed they would need to consult the help menu often,
while the other half either agreed, or opted to remain neutral. More than half did not perceive use
of an asthma smartphone app to be rigid, or inflexible, nor did they think it would require much
mental effort, and most thought it would be easy to understand.
As the literature review revealed involving adolescents, technological interventions were
their preferred method of learning and monitoring their asthma symptoms. The results of the
study exhibited providers’ readiness to accept and integrate asthma apps as a supportive strategy
for adolescent asthma. The preliminary outcomes demonstrated the stakeholders, adolescents and
providers, were in agreement for the use of smartphone apps for adolescent asthma management.
Implications for Practice
A presentation including the literature review and survey outcomes will be developed to
share in the primary care practice setting to further educate providers on the preferences of
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adolescents as well as the providers’ perceptions of acceptance toward the use of smartphone
apps for adolescent asthma management.
Asthma smartphone app practice integration might begin within the clinical setting with
suggested use to other providers within a practice. A few providers may recommend use of the
app in recalcitrant cases of adolescent asthma while another few may apply traditional methods
for an agreed upon timeline (e.g., six months). Providers could then establish times to review
comparative outcomes at serial measurements. A final six-month review would allow outcomes
to be the deciding factor to adopt asthma apps as a strategic protocol for difficult adolescent
asthma cases.
The results of the survey evidence the formative nature of the technological era and its
diverse clinical applications, therefore, the possibilities are endless and are only limited by time,
creativity, and our current, and future resources.
CONCLUSION
Numerous studies attest to adolescents’ preference for technological interventions for
self-management of their asthma. The TAM survey begins to likewise, reinforce, the willingness
of providers to accept asthma smartphone apps as a potential adjunct management strategy for
adolescent asthma. Additional rigorous studies are needed for further exploration on provider
attitudes of acceptance and rejection relating to smartphone apps for chronic health conditions.
This is necessary to add to the growing body of literature suggesting that not only patients, but
also health care providers, are poised to embrace the technology that is ever present in our lives.
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APPENDIX A:
ADAPTED SURVEY
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1.

Do you see adolescents with asthma in your practice? (If no, please exit the survey)
a. Yes
b. No

2.

What is your practice specialty?
a. Family
b. Pediatrics
c. Asthma/Allergy
d. Internal Medicine

3.

What is your highest degree obtained?
a. MSN
b. DNP
c. PA
d. DO
e. MD

4.

How many years in practice?
a. 1-5
b. 6-10
c. 11-15
d. 16-20
e. >20

5.

What group defines your age?
a. < 35
b. ≥ 35-50
c. 51-69
d. > 70

6.

Where is your practice located?
a. Rural (< 50,000)
b. Urban (≥50,000)
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7.

Using a smartphone app seems like it would allow me to manage adolescent asthma more
comprehensively.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

8.

A well-designed smartphone app may address the needs of adolescent asthma.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

9.

A smartphone app may enable me to monitor adolescent asthma patients more efficiently
than currently available traditional methods.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

10.

A well-designed smartphone app has potential to support critical aspects of adolescent
asthma management.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

11.

Using a smartphone app potentially could improve quality of adolescent asthma
management.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree
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12.

Using a smartphone app may make it easier to relate to adolescents when managing their
asthma symptoms.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

13.

Overall, an asthma app appears useful for managing adolescent asthma.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

14.

Interacting with the with an asthma management smartphone app appears frustrating.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

15.

I think I may need to consult the help menu often when using a smartphone app for
asthma management.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

16

Interacting with an asthma smartphone app looks like it may require a great deal of
mental effort.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree
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17.

An asthma smartphone app appears rigid and inflexible.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

18.

A smartphone app may make it easier to accomplish care benchmarks for adolescent
asthma management.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

19.

An asthma management smartphone app appears cumbersome to use.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

20.

An asthma smartphone app seems like it would be easy to understand.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree

21.

Overall, I think a well-designed asthma management smartphone app would be easy to
use.
a. Strongly agree
b. Agree
c. Neither agree nor disagree
d. Disagree
e. Strongly disagree
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APPENDIX B:
ORIGINAL TAM PERCEIVED USE ITEMS (DAVIS, 1989)
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1.

My job would be difficult to perform without electronic mail.

2.

Using electronic mail gives me greater control over my work.

3.

The electronic mail system addresses my job-related needs.

4.

Using electronic mail saves me time.

5.

Electronic mail enables me to accomplish tasks more quickly.

6.

Electronic mail supports critical aspects of my job.

7.

Using electronic mail allows me to accomplish more work than would otherwise be
possible.

8.

Using electronic mail reduces the time I spend on unproductive activities.

9.

Using electronic mail enhances my effectiveness on the job.

10.

Using electronic mail improves the quality of the work I do.

11.

Using electronic mail makes it easier to do my job.

12.

Overall, I find the electronic mail system useful in my job.
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APPENDIX C:
ORIGINAL TAM PERCEIVED EASE OF USE ITEMS (DAVIS, 1989)
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1.

I often become confused when I use the electronic mail system.

2.

I make errors frequently when using electronic mail.

3.

Interacting with the electronic mail system is often frustrating.

4.

I need to consult the user manual often when using electronic mail.

5.

Interacting with the electronic mail system requires a lot of my mental effort.

6.

The electronic mail system is rigid and inflexible to interact with.

7.

I find it easy to get the electronic mail system to do what I want it to do.

8.

The electronic mail system often behaves in unexpected ways.

9.

I find it cumbersome to use the electronic mail system.

10.

My interaction with the electronic mail system is easy for me to understand.

11.

Overall, I find the electronic mail system easy to use.
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APPENDIX D:
DAVIS PERMISSION EMAIL CORRESPONDENCE
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Permission Email Correspondence from Dr. Fred Davis to Use/Modify Tam Questions
from:
to:
date:
subject:

Fred Davis <FDavis@walton.uark.edu>
Heather Couch <hcouch@email.arizona.edu>
Sun, Aug 2, 2015 at 12:17 PM
Re: TAM permission request to use for research

Hello Dr. Davis,
I am interested in adapting your empiric questions to suit my project and attached a document
with the questions in their original format and the adapted format. I would like your feedback
if you are not too busy and your permission to use the questions. Thank you for your time and
consideration.

Heather,
You have my permission to use the TAM questions for your
research. Best wishes,
Fred Davis
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APPENDIX E:
CAZNAP PERSONAL EMAIL COMMUNICATION
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CAZNAP Personal Email Communication
from:
to:
date:
subject:

Dr. Erich Widemark <ewidemark@earthlink.net>
Heather Couch <hcouch@email.arizona.edu>
Sun, Jun 12, 2016 at 3:35 PM
RE: Question

Here you go:
As of 8/31/2015, there are 1879 unique email addresses that receive messages through the
CAZNAP listserv. As of 11/30/2013, an online survey of CAZNAP respondents shows that
93% were licensed and certified Nurse Practitioners in the state of Arizona, and 7% were
students (n=194).
Erich Widemark, PhD, RN, FNP-BC
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APPENDIX F:
ALLERGY AND ASTHMA CARE ASSOCIATES OF NORTHERN CALIFORNIA
PERSONAL EMAIL COMMUNICATION
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Allergy and Asthma Care Associates of Northern California Personal Email Communication
from:
to:
date:
subject:

Alan Goldsobel <abg@asthmacare.com>
Heather Couch <hcouch@email.arizona.edu>
Thu, Oct 20, 2016 at 9:24 PM
RE: Quality Improvement Survey

Hi Heather
I remember our discussion. I would be happy to disseminate, we have 8 Docs and 2 NPs. I
can’t promise what the response will be.
Thanks.
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APPENDIX G:
ASTHMA SMARTPHONE INFOGRAPHIC
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