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Abstract

Digital health behavior change interventions (DHBCIs) offer users accessible support, yet their promise to improve health behaviors
at scale has not been met. One reason for this unmet potential may be a failure to offer users support that is tailored to their
personal characteristics and goals. We apply the concept of antifragility to propose how DHBCIs could be better designed to
support diverse users’ behavior change journeys. We first define antifragility as a feature of an individual’s relationship to a
particular challenge such that if one is antifragile to a challenge, one is well positioned to benefit from facing that challenge.
Second, we introduce antifragile behavior change to describe behavior change processes that leverage person-specific antifragilities
to maximize benefits and minimize risk in the behavior change process. While most existing behavior change models focus on
improving one’s motivation and ability to face challenges, antifragile behavior change complements these models by helping to
select challenges that are most likely to produce desired outcomes. Next, we propose three principles by which DHBCIs can help
users to develop antifragile behavior change strategies: providing personalized guidance, embracing variance and exploration in
choosing behaviors, and prioritizing user agency. Finally, we offer an example of how a DHBCI could be designed to support
antifragile behavior change.
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The Need for More Effective Digital
Health Behavior Change Interventions

Improving health behaviors such as eating, exercise, and sleep
can profoundly impact one’s life. Nonetheless, behavior change
is a notoriously difficult and deeply personal process. To support
health behavior change, a variety of digital tools and services,
called digital health behavior change interventions (DHBCIs),
have been developed. Millions of people around the world
already use DHBCIs via apps, websites, and wearables, so
making these tools maximally beneficial and minimally risky
for users is an important goal [1].

Despite enthusiasm about DHBCIs’ potential to improve
people’s health at scale, randomized controlled trials of DHBCIs
have not provided strong evidence of improvements in health
behaviors or outcomes [2]. Furthermore, a meta-analysis found
that physical activity–based DHBCIs were helpful for users
with high socioeconomic status (SES) but not for users with
low SES, suggesting that more attention is needed to ensure
that DHBCIs can support diverse populations [3]. Finally, most
users do not engage with DHBCIs sufficiently to achieve
intended outcomes [4,5]. In short, DHBCIs are less effective,
less engaging, and less accessible than hoped. However,
researchers have argued that greater integration of the behavior
change theory, aligning with the affordances and limitations of
mobile platforms, could improve DHBCIs’effectiveness [2,6,7].
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One reason for DHBCIs’ unmet potential may be their inability
to offer dynamic support that accounts for users’ personal
strengths, weaknesses, and goals. We propose that future
DHBCIs will be more successful if they can provide users with
information and motivation that is contoured to their needs,
helping them make the most of their opportunities to gain from
while avoiding barriers and excessive risks. Here, we present
the term “antifragile behavior change” to define behavior change
processes that are made more efficient by leveraging
user-specific factors. Antifragility is a concept that has been
applied to economic and biological systems, but its application
to behavior change can help identify new ways to tailor and
personalize DHBCIs. As such, we put forward principles for
designing DHBCIs to support antifragile behavior change and
offer an example of a DHBCI that aligns with these principles.

Antifragile Behavior Change

Antifragility
“Antifragile” is a term coined by Nassim Nicholas Taleb to
describe systems that gain from disorder, stressors, or
uncertainty (broadly, challenges) [8]. With persistent exposure
to a particular challenge, things that are fragile to that challenge
break, those that are robust to it stay intact, and those that are
antifragile to it get better. Antifragility is not a mindset or other
kind of psychological process—it only describes one’s objective

likelihood of gain and loss from facing a specific challenge. As
a property of individuals, antifragility is a feature of the relation
between a person and a particular challenge; all else equal, a
student who grows and improves from criticism of their work
(ie, is antifragile to the challenge of criticism) will tend to
outperform a student who crumbles under (ie, is fragile to)
criticism as well as a student who ignores (ie, is robust to)
criticism. Nonetheless, a student who is antifragile to criticism
may also be fragile to other challenges, such as focusing during
long classes.

Antifragility in Behavior Change
Behavior change involves persistent and varied challenges, such
as difficult workouts, diets, and competing time commitments.
One’s level of antifragility, robustness, or fragility to a challenge
determines the outcome of their exposure to it. If one is
antifragile to a challenge, one is likely to derive outsized benefits
from exposure to that challenge compared to their risk of harm.
Inversely, if one is fragile to a challenge, exposure risks
significant downsides and only affords minor possible benefits
(Figure 1). Therefore, effectively choosing the challenges one
faces is critical to successful behavior change: spending too
much effort on challenges to which one is fragile is inefficient
and potentially counterproductive, while not spending enough
effort on challenges to which one is antifragile forgoes
opportunity for gain.

Figure 1. Mapping probability distributions to a behavior change context, positive (favorable) outcomes are viewed as progress toward successful
behavior change or other benefits and negative (unfavorable) outcomes as movement toward giving up on one’s behavior change goal or other unintended
consequences. In this model, each challenge has a unique probability distribution based on individual and contextual factors. As an individual continues
exposure to a challenge, their outcomes can be seen as repeated samples from the challenge’s distribution.

Of course, it can be difficult to determine if one is fragile, robust,
or antifragile to a given challenge; this uncertainty is inherent
to the behavior change process. Exposure to a challenge can
impact several domains of one’s life over varying timespans,
so the benefits and risks of a challenge may be hard to predict
and detect. Moreover, one’s relation to challenges is dynamic,

changing as one progresses through the behavior change process
and alongside various other life factors. Another source of this
uncertainty is personal and situational context; one cannot be
labeled as fragile or antifragile to a challenge without an
understanding of the context in which one faces that challenge.
For example, the potential outcomes of a 30-minute walk outside
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differ depending on factors such as one’s walking ability and
their neighborhood’s safety. Addressing the meta-challenge of
choosing which challenges to pursue, how much, and how often,
is key for successful behavior change.

Defining Antifragile Behavior Change
We define antifragile behavior change as a behavior change
strategy wherein one faces challenges to which they are
antifragile and avoids those to which they are fragile. We claim
that such a strategy should be maximally efficient in aiding
progress toward one’s behavior change goal while avoiding
setbacks and other negative outcomes. Although the concept is
intuitive (put most simply, “do what works for you, don’t do
what doesn’t”), creating and maintaining an antifragile behavior
change strategy requires detailed self-knowledge, careful
monitoring of outcomes, and possibly expert guidance to help
identify one’s opportunities, risks, and blind spots.

Relation to Other Behavior Change Strategies
Antifragile behavior change provides a unique perspective that
complements other models of health behavior change. While
existing behavior change models generally focus on improving
one’s motivation and ability to face challenges, antifragile
behavior change asserts that these efforts are only useful if those
challenges lead to desired outcomes. For example, models such
as self-efficacy, mental contrasting, self-control, risk aversion,
and a growth mindset are concerned with one’s beliefs and
attitudes toward challenges [9-11]. Similarly, the Fogg Behavior
Model (FBM) identifies how contextual factors might trigger,
facilitate, or discourage facing a challenge [12]. Other models
such as the START (Specificity, Timing, Acquisition, Rewards
and feedback, and Tools) model aim to help individuals set
actionable goals [13]. However, all of these models take for
granted that the challenges they help one to pursue will
efficiently lead to desired outcomes. Antifragile behavior change
fills a gap in these models by providing a framework that
informs which challenges to pursue and which ones to avoid.

This is not to say that attitudes and supports for behavior change
are not important. First, these models are valuable within the
context of antifragile behavior change because they shape the
nature of a challenge, and, as such, the costs and benefits that
the challenge carries. For example, approaching the challenge
of swimming laps with a growth mindset, an attitude of
playfulness, and a swimming buddy changes the experience
and impact of that swim. Moreover, no matter how beneficial
a challenge might be for someone, one must be willing to engage
with it to reap those benefits (yet, it is also true that one can be
antifragile to a challenge one finds odious and fragile to one
they find irresistible). In sum, improving motivation and
facilitating behaviors can help an individual effectively engage
with challenges, which is necessary but not sufficient for
improving outcomes [4].

Antifragile Behavior Change in Practice
As an example of antifragile behavior change, a boxer training
for a fight may choose to focus their efforts on sparring and
meditation because they know that they are antifragile to those
challenges, while also training in isolation with a strict diet
because they know that they are fragile to the challenges of

resisting distraction and temptation. Meanwhile, their
extraverted opponent might choose to train around friends and
family because they perform better with their support. Both
boxers would almost certainly benefit from some training in all
relevant domains, but the amount of time and effort that each
boxer dedicates to each challenge should depend on their
relations to those challenges.

Importantly, both boxers’ strategies would have been shaped
by years of working with trainers to try out different challenges
and find the ones that work for them. A trainer’s role is to
identify their client’s fragilities and antifragilities, use that
information to create a strategy that will maximize gains and
minimize losses, and then provide structure and motivation to
support the execution of the strategy. Next, we propose how a
DHBCI can play the role of a trainer for users pursuing behavior
change.

Principles for Designing DHBCIs to
Support Antifragile Behavior Change

Overview
DHBCIs designed to support antifragile behavior change aim
to make users’ behavior change journeys as productive as
possible while avoiding serious downsides. We propose three
principles for designing DHBCIs to support antifragile behavior
change. First, to help users make the most of their antifragilities
and avoid risk from their fragilities, DHBCIs should provide
personalized guidance in the process of creating and
implementing behavior change strategies. Second, to maximize
opportunities to identify antifragilities, DHCBIs should
encourage users to explore varied challenges. Third, to avoid
unintended downsides, DHBCIs should prioritize user agency
in decision-making by avoiding design choices that manipulate
user choice and by explaining recommendations. We claim that
these principles are flexible enough to be applied to a wide range
of DHBCIs.

Providing Personalized Guidance
DHBCIs designed to support antifragile behavior change should
guide users through their unique behavior change journeys. This
guidance should draw from evidence on effective behavior
change approaches and be responsive to users’ ever-changing
situations. To begin, DHBCIs should help users specify
reasonable behavior change goals, drawing from evidence on
effective goal setting and data on behavior change outcomes
[14]. Next, they should assist users in selecting challenges to
which they are likely to be antifragile and creating tailored
behavior change plans based on those antifragilities. Finally,
DHBCIs should support users in rigorously implementing their
behavior change strategies, monitoring their progress, and
making adjustments as necessary. This aligns closely with
goal-oriented medical care, in which a patient and provider
collaborate to provide care that matches a patient’s needs [15].

In each of these stages, DHBCIs can offer users support through
information (eg, expert tips and suggested activities), structure
(eg, setting a schedule and tracking their progress), and
motivation (eg, personalized reminders and a compelling user
experience) [16,17]. This guidance can be provided by human
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coaches, virtual conversational agents, or digital features such
as text, images, or videos. Guidance should draw from scientific
evidence on effective behavior change strategies and data on
behavior change outcomes from similar others (if available)
[16,17] and also adapt to personal factors.

Embracing Variance to Identify Antifragile
Opportunities
As noted, the meta-challenge of choosing which challenges to
pursue and to what extent is central in antifragile behavior
change. Addressing this meta-challenge requires an ongoing
and dynamic information gathering process. To approximate
one’s antifragilities, one can draw from evidence on behavior
change and guidance from domain experts, but one should also
personally engage in trial and error. This exploration is useful
in the context of behavior change insofar as it can help one
identify antifragilities (what Taleb calls “convex tinkering”)
[8]. This process is also related to the exploration-exploitation
dilemma, in which one must choose between a known and
unknown outcome [18]. Once an antifragility is identified,
individuals can shift to an exploitation strategy to maximize
benefits in that area.

In light of this, DHBCIs should encourage users to continuously
explore potential areas of antifragility, as long as such
exploration is safe and potentially fruitful. Many current
DHBCIs operate through repetition; for example, a DHBCI
might send a user the same daily reminder or encourage a few
features for repeat use. Instead, DHBCIs should promote
exploration by leveraging variety in their design; this might
involve offering a range of reminders, features, and interactions
to help users find the approaches that work best for them. In
addition, DHBCIs should support users in monitoring the
impacts of their exploration by prompting user reflection and
supporting data input. Importantly, exploration carries risks that
should be weighed against its potential benefits; as we discuss
below, a DHBCI should not introduce variation in a way that
reduces user control.

Prioritizing User Agency
Every behavior change journey involves a distinct set of
challenges and facing any challenge may have a complex range
of impacts on one’s life. Thus, decision-making in behavior
change requires a holistic and detailed understanding of the
person engaged in behavior change. Because one can likely
predict and monitor outcomes from one’s own behavior change
efforts better than an outside observer, one should have control
over the decision-making process in their behavior change
journey—this, again, aligns with goal-oriented medical care,
which prioritizes patient decision-making over physician
judgement [15]. This is true whether the external observer is a
human or an automated system; while smartphone usage data
can provide granular insights into a user’s behavior and mental

state, it is far from providing a holistic understanding of a user’s
life [19,20]. As such, we conclude that DHBCIs must be careful
to provide support without undermining user agency.

Many DHBCIs employ nontransparent nudges, which attempt
to relieve users of the psychological friction of making difficult
choices by nudging them toward desired behaviors without their
awareness [21]. In reducing users’ agency without sufficient
information to reliably predict outcomes, these nontransparent
nudges put users at risk of unintended downsides. The adverse
spillover and second-order effects of these nudges into other
domains of users’ lives are extremely difficult to predict and
potentially costly [8,22]; a DHBCI designed to optimize one’s
fitness will not simultaneously optimize one’s overall well-being
or one’s roles as a friend and parent. Thus, efforts to shift user
behavior without continuous user consent are inconsistent with
antifragile behavior change.

In addition to avoiding nontransparent nudging, DHBCIs also
need to encourage users to interact with their content critically.
Specifically, DHBCIs should provide explanations to justify
and contextualize their recommendations. For example, if a
smartwatch running app suggests that a user take a rest day, it
should explain why it is doing so and indicate its confidence in
that suggestion (eg, “for most people with your level of
experience, taking a rest day after training as hard as you did
today is moderately helpful for building long-term endurance
and avoiding injuries”). Without such explanations, a user might
overestimate the accuracy or impact of a recommendation that
is ultimately not well suited to their needs. In addition to
prioritizing user agency in decision-making, explaining
recommendations can increase DHBCIs’ effectiveness and
trustworthiness [23].

As in the Greek myth of Procrustes, who, in an attempt to give
each of his guests a perfect night’s sleep, stretches them out or
amputates their legs to make them exactly fit his bed’s length,
a DHBCI that attempts to optimize behavior change from the
outside can misjudge users’ needs and cause unintended
consequences [8]. As DHBCIs become more ubiquitous and
engaging in the coming years, eliminating the risk of iatrogenic
effects will be increasingly important. DHBCIs designed for
antifragility should avoid using nontransparent nudges and
offering recommendations without explaining them. Instead,
they should prioritize user agency by providing transparent
support that reflects the best available evidence, while also
explaining the logic, strengths, and limitations of that support.
Such guidance can empower users to make informed decisions
within the dynamic contexts of their lives.

Based on the design principles we proposed—personalizing
guidance, embracing variance, and prioritizing user agency—we
offer a brief conceptualization of how well a DHBCI supports
antifragile behavior change in Textbox 1.
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Textbox 1. Considerations to determine how well a digital health behavior change intervention aligns with our principles of design to support antifragile
behavior change.

Does the DHBCI…

• Principle: personalize guidance

• Help users consider possible costs and benefits of challenges?

• Help users monitor the impacts of their choices over time?

• Allow users to personalize their behavior change strategies?

• Change based on new information or feedback from users?

• Principle: embrace variation and exploration

• Encourage users to try new challenges or interactions?

• Introduce a variety of features over time to support exploration?

• Prompt user reflection on potentially unhelpful patterns?

• Principle: prioritize user agency

• Avoid nudges that could influence user behavior without consent?

• Appropriately describe its limitations and uncertainty?

• Provide users clear explanations for its recommendations?

Alignment With and Differences From Other
Perspectives on DHBCIs

App Behavior Change Scale
Our design principles are consistent with some of the
recommendations for DHBCI design outlined in the App
Behavior Change Scale (ABACUS), a tool used to determine
the behavior change potential of apps [24]. Specifically, our
model aligns with the ABACUS’s recommendations that apps
should allow users to “customize and personalize features,”
provide “information about the consequences of continuing and
discontinuing behavior,” help with “goal setting,” and offer
“opportunity to plan for barriers” [24]. Antifragile behavior
change explains that this personalization is valuable because
the costs and benefits derived from challenges are person- and
context-specific.

FBM
The FBM, which is based on the observation that motivation,
ability, and a prompt are necessary for a desired behavior to
take place, has been influential in behavior change and user
experience design more generally [12]. Some interpretations
and applications of the FBM attempt to support behavior change
by promoting nontransparent nudging or other ways of
influencing behavior without consent [21]. Our design principle
of prioritizing user agency is opposed to such approaches.
Nonetheless, the FBM also provides strategies for improving
user motivation and simplifying tasks that could be useful for
behavior change. We argue that integrating strategies from the
FBM, such as increasing user ability to complete behaviors,
considering timing and triggers, and addressing core motivators,
can be helpful as long as those design choices are employed
transparently and do not infringe on user agency [12].

Efficiency Model of Support
Our approach parallels Schueller, Tomasino, and Mohr’s
Efficiency Model of Support [25], which considers ways to
improve the efficiency of human support in behavioral
intervention technologies (efficiency is defined as the ratio of
benefit accrued to resources devoted to providing that support).
Antifragile behavior change concerns the efficiency of the
behavior change strategy as a whole: an efficient strategy
maximizes progress toward one’s goal while minimizing the
chance of abandoning the goal, as visualized in the antifragile
distribution in Figure 1. In addition, consistent with our focus
on person-specific strategies, the efficiency model of support
emphasizes that the ideal type of support is contingent on
person-level characteristics and goals [25].

Example of a DHBCI Designed to Support
Antifragile Behavior Change

Here we sketch an outline for a mobile app–based DHBCI
designed to support antifragile behavior change for building
physical strength. Our example draws from existing approaches
to technology-supported behavior change, including behavior
change techniques such as social support and instruction on
performing behaviors [16,17,26]. It also aligns with the
conceptual and technological architecture proposed by the
Behavioral Intervention Technology Model [27]. Finally, it
follows McCallum et al’s [28] “n-of-1 evaluation framework
for behavior change applications” to inform which user variables
are collected, aiming to gain information that can be aggregated
and used to improve tailoring with high internal, external, and
social validity [28]. Rather than introducing new features, our
aim is to demonstrate how our design principles might be
implemented in a DHBCI similar to existing ones by
highlighting or modifying features with demonstrated real-world
effectiveness.
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The app begins with a planning phase, in which the user
generates a behavior change strategy, followed by an execution
or evaluation phase, in which the user provides data to monitor
their progress and adjusts their strategy if needed. The app’s
user interface centers on visualizations of predicted outcomes

of each challenge, in which “prior” predicted outcomes on the
basis of information crowdsourced from other users are updated
as a user reports their experiences, forming increasingly
personalized “posterior” probability distributions (Figure 2).

Figure 2. Three challenges a user might select to incorporate in their behavior change strategy during the planning phase of our digital health behavior
change intervention example. The app recommends these challenges to a user based on challenge outcome data reported by other app users with similar
characteristics and goals. The initial probability distributions shown are based on outcome data from other users, but as a user reports outcomes from
their efforts, their predicted outcome distribution for each challenge is updated.

To begin the planning phase, the app provides the following
brief introduction:

In the words of C.T. Vivian, ‘You are made by the
struggles you choose.’ To change your behavior, you
have to put in effort to face challenges, such as intense
workouts or maintaining a good sleep schedule.
Choosing the right challenges for you will bring you
closer to your goal, but facing the wrong challenges
could hold you back or even cause injury. This app
will help you to find and maintain the right behavior
change strategy for you, but remember that you know
yourself best, so you should always consider the app’s
recommendations in the context of what is right for
you and those around you.

Note that although this introduction explicitly discusses concepts
relevant to antifragile behavior change, a DHBCI can be
consistent with our design principles without doing so.

Continuing the planning phase, the app asks the user for some
personal context, such as their behavior change goal, goal
timeline, age, and experience with physical exercise. Based on
this information and data from similar people who used the app
previously, it presents a series of suggested behavior change
challenges that the user can select from to create their strategy.
These challenges might include a regular weight lifting regimen,
a stretching routine, a macronutrient goal, and refraining from
drinking alcohol. Figure 2 provides an example of how these
challenges might be presented to users, including distributions
to help users visualize risks and opportunities from each
challenge. Further, the app provides a series of support options

for the user to choose from; for example, motivational nudges
and personalized recommendations from the app, instruction
on challenges, or access to a peer support community to
exchange advice and encouragement. These support options
can be further customized, allowing the user to choose the app’s
tone (eg, kind and funny or tough and demanding) or their
support community’s makeup (eg, women from the age group
of 18-30 years or people interested in bodybuilding). Finally,
the app creates an editable schedule with all of the user’s
selected challenges.

During the execution or evaluation phase, the user completes
challenges when scheduled and reports positive and negative
impacts that they believe to have resulted from each challenge.
These data are used to generate personalized suggestions for
adjusting one’s behavior change strategy and to update their
predicted outcomes. For example, if a user consistently
experiences more downsides than upsides after weight training,
the app might recommend power yoga to achieve the same goal
from a different approach. Throughout this phase, the app also
encourages the user to continue exploring new challenges to
discover new areas of antifragility. Finally, the user’s outcome
data are aggregated with other users’ data to contribute to the
app’s knowledge base of behavior change strategies. Because
it gains aggregate information from many users’ successes and
failures, the app itself can be seen as antifragile to its users’
efforts.

Figure 2 shows the three challenges a user might select to
incorporate in their behavior change strategy during the planning
phase of our DHBCI example. The app recommends these
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challenges to a user on the basis of challenge outcome data
reported by other app users with similar characteristics and
goals. The initial probability distributions shown are based on
outcome data from other users, but as a user reports outcomes
from their efforts, their predicted outcome distribution for each
challenge is updated.

Future Directions

Our paper presents antifragile behavior change as a theoretical
concept that can be useful for DHBCI design. Future work can
test this concept and potentially validate and extend it. First,
advancing the understanding of antifragile behavior change will
require measures to assess whether DHBCIs conform to the
principles we proposed. Textbox 1 provides some conceptual
considerations of how well a digital intervention aligns with
antifragile behavior change, which might be adapted into a
formal measure or assessment. Once a measure is created and
validated, it opens up the possibility of addressing various
research questions; for example, how well do different
commercially available DHBCIs use antifragile behavior change
principles, and do such interventions result in greater impact or
engagement? Second, both researchers and developers could
integrate antifragile behavior change principles into their
designs. For researchers, this would enable tests of antifragile
behavior change’s effectiveness: comparing DHBCIs and
DHBCI features that align with the principles of antifragile
behavior change to those that do not in terms of behavior
change, health, and engagement outcomes. For developers, this
represents another way to incorporate conceptually grounded
behavior change techniques into their products. Third, research

is needed to test our design principles across different DHBCIs
and populations, examining the externalities of antifragile
behavior change and trade-offs between strategies. For example,
removing design elements that could threaten user agency might
make it harder to tailor content, thereby decreasing some users’
willingness to engage with an app’s recommendations. These
directions could help extend our suggestions into research and
applications for the field.

Conclusions

DHBCIs hold great potential to help people improve their
health-related behaviors and overall well-being, but their
promise has been held back by a failure to provide support that
fits the contours of diverse users’ lives. Viewing DHBCIs
through the lens of antifragility reveals both opportunities for
advancement and reasons for caution. We presented three
principles for designing DHBCIs to support antifragile behavior
change. First, DHBCIs should provide personalized guidance
to fit user-specific fragilities and antifragilities throughout the
behavior change process. Second, DHBCIs should encourage
users to explore varied challenges to discover new areas of
antifragility. Third, DHBCIs should not limit user control in an
attempt to make behavior change easier, as such efforts to
optimize users’ lives from the top down can inadvertently cause
harm. We claim that integrating these principles into DHBCI
design will improve these tools’abilities to support users across
diverse populations. We hope that this paper will spark interest
in reconsidering DHBCIs from the perspective of antifragile
behavior change, both among DHBCI developers and behavior
change researchers.

Conflicts of Interest
SDY has received royalties from HarperCollins Publishers and Penguin Books for his book, Stick with It: A Scientifically Proven
Process for Changing Your Life-for Good. He has received compensation from the company ElevateU for consulting, and equity
for advising digital health startups. SMS serves on the Scientific Advisory Board for Headspace, for which he receives compensation.
He has received consulting payments from Otsuka Pharmaceuticals and K Health (Trusst).

References

1. McKay FH, Wright A, Shill J, Stephens H, Uccellini M. Using Health and Well-Being Apps for Behavior Change: A
Systematic Search and Rating of Apps. JMIR Mhealth Uhealth 2019 Jul 04;7(7):e11926 [FREE Full text] [doi: 10.2196/11926]
[Medline: 31274112]

2. Milne-Ives M, Lam C, De Cock C, Van Velthoven MH, Meinert E. Mobile Apps for Health Behavior Change in Physical
Activity, Diet, Drug and Alcohol Use, and Mental Health: Systematic Review. JMIR Mhealth Uhealth 2020 Mar
18;8(3):e17046 [FREE Full text] [doi: 10.2196/17046] [Medline: 32186518]

3. Western MJ, Armstrong MEG, Islam I, Morgan K, Jones UF, Kelson MJ. The effectiveness of digital interventions for
increasing physical activity in individuals of low socioeconomic status: a systematic review and meta-analysis. Int J Behav
Nutr Phys Act 2021 Nov 09;18(1):148 [FREE Full text] [doi: 10.1186/s12966-021-01218-4] [Medline: 34753490]

4. Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis K, et al. Understanding and Promoting Effective Engagement
With Digital Behavior Change Interventions. Am J Prev Med 2016 Nov;51(5):833-842. [doi: 10.1016/j.amepre.2016.06.015]
[Medline: 27745683]

5. Baumel A, Muench F, Edan S, Kane JM. Objective User Engagement With Mental Health Apps: Systematic Search and
Panel-Based Usage Analysis. J Med Internet Res 2019 Sep 25;21(9):e14567 [FREE Full text] [doi: 10.2196/14567] [Medline:
31573916]

6. Young SD. Stick with It: A Scientifically Proven Process for Changing Your Life-for Good. New York, NY: HarperCollins;
20, 2017.

JMIR Form Res 2022 | vol. 6 | iss. 6 | e32571 | p. 7https://formative.jmir.org/2022/6/e32571
(page number not for citation purposes)

Kaveladze et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://mhealth.jmir.org/2019/7/e11926/
http://dx.doi.org/10.2196/11926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31274112&dopt=Abstract
https://mhealth.jmir.org/2020/3/e17046/
http://dx.doi.org/10.2196/17046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32186518&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-021-01218-4
http://dx.doi.org/10.1186/s12966-021-01218-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34753490&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2016.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745683&dopt=Abstract
https://www.jmir.org/2019/9/e14567/
http://dx.doi.org/10.2196/14567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573916&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Young SD. The Adaptive Behavioral Components (ABC) Model for planning longitudinal behavioral technology-based
health interventions: a theoretical framework. Journal of Medical Internet Research 2020 Jun 26;22(6):e15563 [FREE Full
text] [doi: 10.2196/15563] [Medline: 32589152]

8. Taleb N. Antifragile: Things That Gain from Disorder. New York, NY: Random House; 2012.
9. Bandura A, Freeman WH, Lightsey R. Self-Efficacy: The Exercise of Control. J Cogn Psychother 1999 Jan 01;13(2):158-166.

[doi: 10.1891/0889-8391.13.2.158]
10. Yeager DS, Dweck CS. Mindsets That Promote Resilience: When Students Believe That Personal Characteristics Can Be

Developed. Educ Psychol 2012 Oct;47(4):302-314. [doi: 10.1080/00461520.2012.722805]
11. Crum AJ, Langer EJ. Mind-set matters: exercise and the placebo effect. Psychol Sci 2007 Feb;18(2):165-171. [doi:

10.1111/j.1467-9280.2007.01867.x] [Medline: 17425538]
12. Fogg B. A behavior model for persuasive design. 2009 Presented at: Persuasive 2009: Persuasive 2009; 4th International

Conference on Persuasive Technology; April 26-29, 2009; Claremont, CA. [doi: 10.1145/1541948.1541999]
13. Pearson ES. Goal setting as a health behavior change strategy in overweight and obese adults: a systematic literature review

examining intervention components. Patient Educ Couns 2012 Apr;87(1):32-42. [doi: 10.1016/j.pec.2011.07.018] [Medline:
21852063]

14. Latham G. Goal Setting: A five-step approach to behavior change. In: Organizational Collaboration: Themes and issues.
London: Routledge; 2011.

15. Mold JW, Blake GH, Becker LA. Goal-oriented medical care. Fam Med 1991 Jan;23(1):46-51. [Medline: 2001782]
16. Embry DD, Biglan A. Evidence-based kernels: fundamental units of behavioral influence. Clin Child Fam Psychol Rev

2008 Sep;11(3):75-113 [FREE Full text] [doi: 10.1007/s10567-008-0036-x] [Medline: 18712600]
17. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy

(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

18. Sutton R, Barto A. Reinforcement Learning, Second Edition. Cambridge, MA: The MIT Press; 2018.
19. Mohr DC, Zhang M, Schueller SM. Personal Sensing: Understanding Mental Health Using Ubiquitous Sensors and Machine

Learning. Annu Rev Clin Psychol 2017 May 08;13:23-47 [FREE Full text] [doi: 10.1146/annurev-clinpsy-032816-044949]
[Medline: 28375728]

20. Chancellor S, De Choudhury M. Methods in predictive techniques for mental health status on social media: a critical review.
NPJ Digit Med 2020;3:43 [FREE Full text] [doi: 10.1038/s41746-020-0233-7] [Medline: 32219184]

21. Caraban A, Karapanos E, Gonçalves D, Campos P. 23 Ways to Nudge: A Review of Technology-Mediated Nudging in
Human-Computer Interaction. 2019 Presented at: CHI Conference on Human Factors in Computing Systems; May 4-9,
2019; Glasgow. [doi: 10.1145/3290605.3300733]

22. Nafziger J. Spillover effects of nudges. Econ Lett 2020 May;190:109086. [doi: 10.1016/j.econlet.2020.109086]
23. Zhang Y, Chen X. Explainable Recommendation: A Survey and New Perspectives. FNT in Information Retrieval

2020;14(1):1-101. [doi: 10.1561/1500000066]
24. McKay FH, Slykerman S, Dunn M. The App Behavior Change Scale: Creation of a Scale to Assess the Potential of Apps

to Promote Behavior Change. JMIR Mhealth Uhealth 2019 Jan 25;7(1):e11130 [FREE Full text] [doi: 10.2196/11130]
[Medline: 30681967]

25. Schueller SM, Tomasino KN, Mohr DC. Integrating human support into behavioral intervention technologies: The efficiency
model of support. Clin Psychol 2017 Mar;24(1):27-45. [doi: 10.1037/h0101740]

26. Yang C, Maher JP, Conroy DE. Implementation of behavior change techniques in mobile applications for physical activity.
Am J Prev Med 2015 Apr;48(4):452-455. [doi: 10.1016/j.amepre.2014.10.010] [Medline: 25576494]

27. Mohr DC, Schueller SM, Montague E, Burns MN, Rashidi P. The behavioral intervention technology model: an integrated
conceptual and technological framework for eHealth and mHealth interventions. J Med Internet Res 2014 Jun 05;16(6):e146
[FREE Full text] [doi: 10.2196/jmir.3077] [Medline: 24905070]

28. McCallum C, Rooksby J, Asadzadeh P, Gray C, Chalmers M. An N-of-1 Evaluation Framework for Behaviour Change
Applications. 2019 Presented at: CHI Conference on Human Factors in Computing Systems; May 4-9, 2019; Glasgow.
[doi: 10.1145/3290607.3312923]

Abbreviations
ABACUS: App Behavior Change Scale
DHBCI: digital health behavior change intervention
FBM: Fogg Behavior Model
SES: socioeconomic status
START: Specificity, Timing, Acquisition, Rewards and feedback, and Tools

JMIR Form Res 2022 | vol. 6 | iss. 6 | e32571 | p. 8https://formative.jmir.org/2022/6/e32571
(page number not for citation purposes)

Kaveladze et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2020/6/e15563/
https://www.jmir.org/2020/6/e15563/
http://dx.doi.org/10.2196/15563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32589152&dopt=Abstract
http://dx.doi.org/10.1891/0889-8391.13.2.158
http://dx.doi.org/10.1080/00461520.2012.722805
http://dx.doi.org/10.1111/j.1467-9280.2007.01867.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17425538&dopt=Abstract
http://dx.doi.org/10.1145/1541948.1541999
http://dx.doi.org/10.1016/j.pec.2011.07.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21852063&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2001782&dopt=Abstract
http://europepmc.org/abstract/MED/18712600
http://dx.doi.org/10.1007/s10567-008-0036-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18712600&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://europepmc.org/abstract/MED/28375728
http://dx.doi.org/10.1146/annurev-clinpsy-032816-044949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28375728&dopt=Abstract
https://doi.org/10.1038/s41746-020-0233-7
http://dx.doi.org/10.1038/s41746-020-0233-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32219184&dopt=Abstract
http://dx.doi.org/10.1145/3290605.3300733
http://dx.doi.org/10.1016/j.econlet.2020.109086
http://dx.doi.org/10.1561/1500000066
https://mhealth.jmir.org/2019/1/e11130/
http://dx.doi.org/10.2196/11130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30681967&dopt=Abstract
http://dx.doi.org/10.1037/h0101740
http://dx.doi.org/10.1016/j.amepre.2014.10.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25576494&dopt=Abstract
https://www.jmir.org/2014/6/e146/
http://dx.doi.org/10.2196/jmir.3077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24905070&dopt=Abstract
http://dx.doi.org/10.1145/3290607.3312923
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 02.08.21; peer-reviewed by J Nafziger, P Chow, B Chaudhry; comments to author 27.10.21; revised
version received 01.03.22; accepted 08.05.22; published 03.06.22

Please cite as:
Kaveladze BT, Young SD, Schueller SM
Antifragile Behavior Change Through Digital Health Behavior Change Interventions
JMIR Form Res 2022;6(6):e32571
URL: https://formative.jmir.org/2022/6/e32571
doi: 10.2196/32571
PMID:

©Benjamin T Kaveladze, Sean D Young, Stephen M Schueller. Originally published in JMIR Formative Research
(https://formative.jmir.org), 03.06.2022. 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 Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2022 | vol. 6 | iss. 6 | e32571 | p. 9https://formative.jmir.org/2022/6/e32571
(page number not for citation purposes)

Kaveladze et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2022/6/e32571
http://dx.doi.org/10.2196/32571
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/

