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Abstract

The negative effects of long-term stress on health outcomes are
well-documented. Emerging technologies that harness mobile
technologies have been linked to positive effects on stress
management. However, the ways in which existing inter- and
intrapersonal theories of behavior change are integrated into
development processes of these mHealth technologies for stress
coping are limited. In this paper, we present a novel theory-
driven approach to develop and implement a sustainable
mobile application for stress education and management.
Specifically, we integrate the taxonomy of Behavior Change
Techniques and user engagement framework to model and
adapt theory-driven techniques in the context of mobile
technologies. A total of 12 behavior change techniques were
incorporated into our mobile application. Initial user
evaluation and usability testing was conducted. Results
indicate heuristic modifications could improve overall delivery
of content, and potential user satisfaction is likely. We conclude
that this novel approach may have implications well beyond
stress management.
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Introduction

Psychological stress (in lay terms, stress) occurs when the
demands on an individual exceed the ability to cope [1]. The
negative effects of long-term stress on human health has been
well-documented [2]. Stress includes mental health symptoms
such as anxiety and depression [3]. The global cost of mental
illness is estimated at one trillion dollars and affects 300 million
people [4]. Americans’ average stress levels are 4.8 out of 10,
45% experience sleeplessness due to stress, and 75 %
experienced 1 or more symptoms of stress in the previous
month, including nervousness or anxiousness [5]. Stress costs
the U.S. enterprise economy up to 2.6% of the GDP annually
and in Europe the cost can be as much as 3.3% [6]. Stress can
be managed using self-care behaviors, such as avoiding alcohol,
finding social support, eating and sleeping well, and staying
active [7]. Literature shows that evidence-based practice can
reduce perceived stress [8]. Recently, mHealth applications
promoting behavioral change were found to have positive
effects on workers’ perceived stress [9].

Emerging trends in mobile smartphone apps can provide new
frontiers to management of chronic conditions such as stress
[10]. 77% of Americans own mobile smartphones, and 90%
own a mobile phone of some kind [11]. With mobile network
capabilities and affordable smartphones reaching well beyond
other infrastructure in countries with low- and mid-range

economies, mHealth and health promotion efforts in these areas
are able to be offered in new ways via mobile phone
technology, such as personalized care or public health [12].
Literature suggests that cost effectiveness of mHealth solutions
is likely [13]. Platforms for mHealth or eHealth with designs
that allow for innovation in aspects such as use, utility, financial
impact, sustainability, scalability, and impact will be needed for
advancement [14,15]. Mobile health technology can improve
user adherence in a variety of health behaviors [16,17]. It is
known that mHealth also can deliver education and patient self-
care, among other health benefits [18]. Evidence-based
smartphone apps for mental health have been shown to be
effective and to have the potential to reach beyond current
treatment  limitations [19]. Large-scale clinical trials
establishing effectiveness and efficacy of using app based
modalities are sparse and often indecisive. Despite the overall
lack of evidence-based smartphone apps in existence, there is
potential for successful delivery of evidence-based stress
management strategies [20]. Efforts have been made to
understand the utility and manifestation of behavior change
techniques, however, specific software development
approaches to generate synergistic collaborations between
technology developers and health research are limited [21]. In
this paper, we present an integrative approach to infuse theory-
driven techniques and engagement features to develop novel,
evidence-based, and engaging mHealth applications.
Specifically, we utilized the taxonomy of Behavior Change
Techniques (BCT taxonomy) [22] and the Patient engagement
framework [23] to consolidate uniquely identified behavior
change concepts and user engagement features in a mobile
format. In the next sections of the paper, we describe in detail
our approach for the development of a mobile application,
NewCope, and initial results of the system evaluation through
user testing and usability analysis.

Related Works

Existing work focusses on reviews of smartphone apps that
deliver stress management behavior therapy. For example, the
“Tension Tamer” app, which uses systolic blood pressure as a
measure of stress, focused on breathing awareness meditation
[24]. Similarly, heartrate has been used as a measure of stress
in the “It’s Time to Relax” app, which focuses on mindfulness
[25]. Similarly, the “Virtual Hope Box” app was designed
based on Cognitive Behavioral Therapy (CBT) [26].
“Headspace,” which utilizes mindfulness and meditation, has
been used for stress management delivery in multiple mHealth
stress management studies [27, 28].

Additionally, other mHealth solutions have been developed to
address the needs facing delivery of stress management
therapy. Method of Levels transdiagnostic cognitive therapy
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was used in the development of the “MindSurf” app, which
showed positive results in preliminary function and usability
testing [29]. And importantly, the Virgin Pulse Global Initiative
(VPGI) was an mHealth solution that overcame existing
paradigms to show a positive outcome for workers completing
the mHealth behavioral program [9].

Methods

Theoretical Rationale

Taxonomy of Behavior Change Techniques

Michie et al. [22] defined a set of theory-linked techniques that
can be used to integrate, implement, and harness multiple
theoretical constructs to unify inter- and intra-personal
processes of human behavior into technology features that can
assist and support sustainable positive health behaviors. Their
taxonomy of 93 theory-linked techniques is the first step
towards creating a model that provides a snapshot of
intervention content in the context of theory-driven behavior
change constructs [22]. The taxonomy provides a common
vocabulary to understand the ways that sociobehavioral and
cognitive constructs of the existing behavior change theories
can be operationalized in a specific intervention. The complete
list of techniques of the taxonomy with definitions and detailed
examples can be found here [22].

Patient Engagement Framework (PEF)

The PEF has been developed by the Healthcare Information and
Management Systems Society (HIMSS) through a cumulative
layering of five phases: “inform me,” “engage me,” “empower
me,” “partner with me,” and “support my e-community.” A
total of nine features have been specified at the highest
engagement level, including ‘information and way-finding’, ‘e-
tools’, ‘forms’, “patient-specific education’, ‘patient access and
use’, ‘patient generated data’, ‘interoperable records’,
‘collaborative care and community support’[23]. This
framework was used in our study to sketch the functionality of
the mHealth infrastructure which potentially facilitates the
adoption of the tool, self-management, goal setting and
reinforcement, peer  support, and  patient-provider
communication.

Technology-Theory-Engagement Mapping

A mapping process was conducted to identify BCT techniques
in conjunction with user engagement features that could be used
to operationalize the delivery of stress management-related
content to users. The BCT techniques allowed us to understand
the characteristics of the information that should be delivered
to the user. We also specified the level of intended user
engagement to characterize the granularity and complexity of
the system features. Tables 1 and 2 provide a summary of the
BCTs and engagement functions that were selected for
implementation at feature level and content level.

Development

NewCope was built on the opensource Ionic Framework (ICL
version 4.1.1) [30]. Native lonic features such as modals, cards,
slides and buttons were used in the app design, in addition to
custom coded features such as the progress bar and imbedded
“fun fact” questions. The NewCope design does not necessitate
the collection of any Personal Health Information (PHI)
including email address or other personally identifying user
information, so Google’s Firebase database was used for the
sake of simplicity and ease of set-up. User authentication was
handled via a user-generated username and password.

NewCope has five main component pages, including a
homepage with primarily informational resources, a dashboard
page that provides feedback to the user, a self assessment page,
ajournal page, and a page that offers information about the app,

help to the user, and a place to contact the researchers.

Table 1— Theory Mapping for App Content and Functions

BCT name Definition Example
Instruction on Advise or agree on how to Education
how to perform perform the behavior
the behavior
Social comparison ~ Draw attention to others’ Education
performance to allow
comparison with the person’s
own performance
Self-talk Prompt positive self- talk Daily task
before and during the behavior
Valued self- Advise the person to write or Journal
identity complete rating scales about
cherished value or personal
strength as a means of
affirming the person’s identity
as part of behavior change
strategy
Information about  Provide information about Education
health health consequences of
consequences performing the behavior
Incentive Inform that a reward will be Daily task
delivered if and only if there
has been effort and/or progress
in achieving the behavioral
outcome
Self-monitoring Establish a method for the Progress
of behavior person to monitor and record
their behavior(s) as part of a
behavior change strategy
Behavior Prompt practice or rehearsal of  Daily task
practice/rehearsal  the performance of the
behavior one or more times in
a context or at a time when the
performance may not be
necessary, in order to increase
habit and skill
Focus on past Advise to think about or list Daily task
success previous successes in
performing the behavior
Social support Advise on, arrange, or provide  Daily task
(emotional) emotional social support for
performance of the behavior
Credible source Present verbal or visual Education
communication
from a credible source in favor
of or against the behavior
Restructuring the Change, or advise to change Daily task

social
environment

the social environment in
order to facilitate performance
of the wanted behavior

Table 2- Engagement Features and Ontology Relations

Engagement phase Description Technology
feature
Engage (Level 2) e-Tools Perceived stress
Self-monitoring scale integration
Goal setting Daily task
Create synergy and extend ~ Education Stress feedback
reach (Level V) User-specific ~ Journal
Self-management feedback Daily task

Daily reminders (e.g.

Lifestyle tip)

Progress summary

The health education materials provided in the application
relate to stress prevalence [31, 32], guides meditation, stress
management techniques associated with relatable people as
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#hashtag signs. The dashboard includes a checklist of three
daily tasks designed to help the user adopt and sustain positive
health changes that can aid them in stress coping with user-
specific feedback, thus promoting self-monitoring habits. As
can be seen in Figure 1, examples of tasks on the daily checklist
are “listen to music,” “go through old photo albums,” “call a
loved one”, and “write your personality strengths.” These tasks
are related to the specific BCT techniques, “Restructuring the
social environment”, “Valued self-identity”, and “Social
support (emotional)” respectively.

2

Write down your strengths

Write down your @

Ustan strengths

. Wrte down three of your charactes
"y
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Figure 1— “NewCope” Dashboard

The self-assessment page utilizes the Perceived Stress Scale to
evaluate the user’s perceived stress level as low, medium or
high [33]. The monitoring instrument addresses specific BCT
techniques, “Feedback and monitoring" and “Goals and
planning.” The journal page is designed for use both in daily
tasks that the user is asked to complete, such as “write down
your strengths,” which embodies “Self-belief”, and for general
use by the user, which further supports “Identity.” Journal
entries are designed to appear on “sticky note” graphic elements
that can be edited, deleted, and rearranged by the user.

Evaluation

The prototyped app was reviewed for usability and accessibility
and for use by human participants. One usability expert
evaluated the user interface and generated a list of heuristic
violations according to the Nielsen—Shneiderman Heuristics
[34]. For each violation a severity rating (scale 1 — 4 where 1-
Minor, 2-Moderate, 3-Major, 4-Catstrophic) was assigned. The
design was refined to meet shortfalls that were most relevant to
user testing. A secondary usability evaluation was conducted
with five participants, selected based on recruitment by the
researchers. The participants were recruited to test the app via
a protocol of six timed tasks and the System Usability Scale
(SUS) [35]. The UTHealth Internal Review Board approved the
study for human participants.

Results

Initial Evaluation

The results from the heuristic evaluation revealed a total of 47
violations, eight of which were minor, 14 moderate, 19 major,
and six catastrophic. Most violations represented issues with
consistency (see Table 3).

Table 3— Heuristic Evaluation Summary

Violations Minor Moderate Major _Catastrophic Total
Consistency 5 1
Control 1
Flexibility
Help
Language 2
Match
Memory
Minimalism 1
Visibility 2 3 1
Total 8 14 19 6
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The results from the user evaluation were as follows: All users
were successful in completing all tasks, though some required
assistance. The percentage of independent user completion was
between 40 and 80% for all tasks, with user satisfaction
maintaining a score between 1.2 and 1.8 for all tasks. The
average completion time for tasks was between 8.0 and 126.8
seconds (see Table 4).

Table 4— Task Completion Summary

Task Area
Create  Self Checklist Video Journal Article
Ac- Assess- Entry
count  ment
User 80%  40% 60% 80% 80% 80%
completed
independently
Average 50.4 126.8 8.0 88.4 384 59.0
completion time
(sec)
Average user 1.6 1.8 1.8 1.5 1.2 1.2
satisfaction
1-high
5-low

As seen in Table 5, the SUS scale results for positively
correlated items showed an average of 4.04 out of 5, while
negatively correlated items showed an average of 1.28 out of 5.
Average item scores for positively correlated items were
between 3.6 and 5.0, while average negatively correlated item
scores were between 1.0 and 1.4.

Table 5— SUS Summary

Positive Frequency Easy Integration Learnable Confident
Items

Mean 3.6 3.8 3.8 5.0 4.0
Range  1-5 2-5 2-5 5 2-5

Negative Complex Technical Inconsistent Cumbersome Acquisition
Items

Mean 14 1.2 Rk . .
Range 1-2 1-2 1-3 1-2 1-1
Discussion

While the sample size limits the statistical validity of the
quantitative data, we do observe the clustering of responses on
the SUS items, particularly the negatively correlated items. This
potentially indicates that participants in the trial were more
consistently not put off by the system than that there was a
consistent desire among the participants to use the system. As
participants were not screened for stress level or desire for
stress management, this result may not be unexpected. In fact,
our findings from the evaluation determined that the average
user stress level was 21.2 out of 40, which is classified as
“moderate stress.” Qualitative user data has indicated that users
were often uncertain if task completion for the purposes of the
trial included clicking buttons, with 5 of 11 trial administrator
interventions based on helping the user to decide on button
pressing behavior. This was primarily seen in the Self-
assessment task (n = 3). Additionally, qualitative data shows
that users had trouble locating the task checklist on the
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dashboard screen when described as a “checklist.” This
accounted for the 40% administrator assistance rate on the
View Checklist task, and 20% of the administrator assistance
rate on the Self-Assessment task. User suggestions included
using larger font sizes for the buttons, moving the “quit
assessment” button further away from the “next question”
button, and having Google prompt the user to automatically
remember the password. User results do not, however, indicate
a barrier to delivering BCTs via a smartphone app. All heuristic
and user-identified barriers to the usage of the app were based
on the user experience and user interface critiques. Design
features can be further refined to create a smoother user
experience while maintaining the necessary BCT components.

Methodical integration of known behavior change techniques
has resulted in the convergence of constructs from multiple
theories of behavior change including the Transtheoretical
Model of Change [36], Social Cognitive Theory [37], and
Health Belief Model [38], thereby ensuring our application
harnesses inter- and intra-personal processes of behavior
change [39]. Further, predetermined engagement levels
allowed rapid prototyping with a generalized understanding of
software features and malleable modes of theory-driven content
delivery. This, while leaving room for clinical partner and
wellness service integration, which is vital for large-scale
dissemination of health promotion technologies.

Limitations

There are several limitations to our study. We have used a
specific theoretical taxonomy to guide the development
process. While the taxonomy is integrative, participatory and
crowdsourced design activities that employ social listening can
result in a holistic development approach. Additional features
,including online communities and smart technology synching,
are important to improve the user experience and sustained use
of NewCope. Our evaluation results are limited by the size of
the participant pool and did not account for long term user
engagement measures. Future studies should consider large-
scale evaluations for better understanding of the acceptance of
technologies such as NewCope.

Conclusions

Mental well-being, chronic disease management, and general
health are affected by an individual’s ability to manage stress,
playing a role in one’s happiness and productivity. Our paper
describes a novel approach for the integration of evidence-
based, theory-driven techniques in the digital era. The proposed
approach is generalizable to other health conditions and can
have implications well beyond stress management. Integration
of theoretical models of human behavior into emerging
technological domains such as mobile applications is important
to facilitate effective dissemination of evidence-based
strategies at scalable and sustainable levels. Attrition with the
use of technology-based health promotion can be addressed
with the proper implementation of user engagement principles.
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