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The potential of virtual reality for mental wellbeing.
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In recent years, there has been a growing interest in the potential role that digital
technologies can play in promoting well-being. Smartphones, wearable devices,
virtual/augmented reality, social media, and the internet provide a wealth of useful
tools and resources to support psychological interventions that facilitate positive
emotions, resilience, personal growth, creativity, and social connectedness.
Understanding the full extent of this potential, however, requires an interdisciplinary
approach that integrates the scientific principles of well-being into the design of
e-experiences that foster positive change. This book provides an overview of recent
advances and future challenges in Positive Technology, an emergent field within
human-computer interaction that seeks to understand how interactive technologies
can be used in evidence-based well-being interventions. Its focus of analysis is
two-fold: at the theoretical level, Positive Technology aims to develop conceptual
frameworks and models for understanding how computers can be effectively used to
help individuals achieve greater well-being. At the methodological and applied level,
Positive Technology is concerned with the design, development, and validation of
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digital experiences that promote positive change through pleasure, flow, meaning,
competence, and positive relationships.
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Editorial on the Research Topic
Positive Technology: Designing E-experiences for Positive Change

While there is little doubt that our lives are becoming increasingly digital, whether this change
is for the better or for the worse is far from being settled. Rather, over the past years concerns
about the personal and social impacts of technologies have been growing, fueled by dystopian
Orwellian scenarios that almost on daily basis are generously dispensed by major Western media
outlets. According to a recent poll involving some 1,150 experts, 47% of respondents predict that
individuals’ well-being will be more helped than harmed by digital life in the next decade, while 32%
say people’s well-being will be more harmed than helped. Only 21% of those surveyed indicated that
the impact of technologies on people well-being will be negligible compared to now (Pew Research
Center, 2018).

Although many scientific efforts have been devoted to acknowledging the risks of digital
technologies, the question of how computers could be used to improve people’s well-being has
been much less explored. This was the main motivation for the development of a novel research
area—Positive Technology—which aims at investigating how ICT-based applications and services
can be used to foster positive growth of individuals, groups and institutions (Botella et al., 2012; Riva
etal, 2012; Gaggioli et al., 2017). This area resulted from the convergence of two main trends. First,
the emerging interest in the scientific understanding of conditions and processes that contribute
to people happiness and well-being, chiefly represented by the fast-growing movement of Positive
Psychology. The second trend was the increasing recognition, in the field of Human-Computer
Interaction, of the central importance that human experience, values, and ethical concerns have in
the design, development and use of interactive systems. The integration of these two perspectives
has led to new questions and possibilities concerning how digital technologies could help shaping
positive human functioning, strengths, personal empowerment at the individual level, and of
groups and organizations, from a social/interpersonal point of view (Botella et al., 2012).

In the last 10 years, research in Positive Technology has attracted increasing attention from an
interdisciplinary community of scholars, leading to many conference papers, dedicated symposia
and workshops, special issues in journals, and edited books. As an emerging area of research,
considerable efforts have been spent on developing conceptual pillars and levels of analysis (Villani
etal., 2016; Gaggioli et al., 2017), as well as on the definition of frameworks for bringing well-being
principles into the design of interactive systems (Calvo and Peters, 2014; Fleming et al., 2016).
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Gaggioli et al.

Designing E-experiences for Positive Change

At the methodological and applied level, research on
Positive Technology has focused on the design, development,

and validation of novel digital experiences that aims
at promoting positive change through pleasure, flow,
meaning, competence, and positive relationships. These

two main facets—theoretical and methodological—of
Positive Technology are well reflected by the papers
published in this Research Topic, which this editorial aims to
briefly summarize.

CONCEPTUAL FRAMEWORKS FOR USING
INTERACTIVE TECHNOLOGIES FOR
POSITIVE CHANGE

Yaden et al. review the technologies that mental health
professionals may use to intervene on and measure well-being,
such as predictive algorithms, brain stimulation and virtual
reality, and discuss the potential promise and pitfalls of these
technologies. While the range of tools that can be used to
empower well-being is broad and continues to extend, the
authors suggest that safety, effectiveness, and ethical aims are
core criteria to be met for the introduction of any technology in
people’s lives.

Kitson et al. address the important question of how
immersive technologies—including virtual, augmented, and
mixed realities—can mediate for positive change in users, and
which design elements and interaction strategies are best suited
to support this process.From this review, these authors provide
a set of prescriptive design considerations to serve as tools
for designers and developers interested in creating immersive
interactive systems and experiences, with the goal of eliciting
positive states and supporting positive change.

Filling the gap between existing well-being theories and
immediately actionable design practices is a key challenge in
Positive Technology. To address this issue, Peters et al. provide
a psychological framework grounded in Self-determination
Theory (Ryan and Deci, 2017) called Motivation, Engagement
& Thriving in User Experience (METUX), which allows HCI
researchers and practitioners to design technologies that support
psychological well-being and human potential. The model holds
that in order to address well-being, psychological needs must be
considered within five different spheres of analysis: at the point
of technology adoption, during interaction with the interface, as
a result of engagement with technology-specific tasks, as part of
the technology-supported behavior, and as part of an individual’s
life overall. These five spheres of experience sit within a sixth,
society, which encompasses both direct and collateral effects of
technology use as well as non-user experiences.

Diefenbach addresses the question of how psychological
knowledge can be translated into technology design, creating
synergies between various disciplines. According to Diefenbach,
in order to examine this issue, it is important to consider
the “bitter-sweet ambivalence of change,” including potential
relapses and risks of self-threat, so that technology-mediated
interventions adapted from (positive) psychology can have a
positive impact to full effect.

POSITIVE TECHNOLOGY APPLICATIONS
IN MENTAL HEALTH

Positive Technology aims at designing and validating digital
well-being interventions that can be effectively used in the
prevention and treatment of mental disorders. Enrique et al.
describe a pilot randomized clinical trial that evaluated a positive
technology application in patients with eating disorders. The
experimental application integrated the “Best Possible Self”
exercise, a positive psychology intervention that consists in
writing and envisioning a future where everything has turned out
in the best possible way. The trial involved 54 outpatients who
were receiving ongoing specialized treatment in eating disorder
services, randomly allocated to either the BPS intervention or
to a control condition. Findings showed that both conditions
improved over time, but no statistically significant difference was
found between the BPS, and control groups.

Villani et al. report results of a controlled study, which tested
the efficacy of a 2-weeks e-health Stress Inoculation Training
(SIT) intervention on emotion regulation and cancer-related
well-being, by comparing it with a control group without
such intervention. The experiment involved 29 women with a
diagnosis of breast cancer, who had received radical surgery,
and who were suitable candidates for adjuvant chemotherapy.
Findings showed that patients in the experimental condition did
not achieve significant changes related to emotion regulation
strategies, but they significantly reduced emotional suppression
by 3 months after the end of the intervention. Furthermore,
patients in the e-health SIT condition reported a good level of
acceptance of the intervention.

Mira et al. describe results of a secondary analysis derived
from a randomized controlled trial that tested the efficacy of
an internet-based positive psychology intervention designed
for patients with depressive symptoms. The intervention
consisted of an 8-module Internet-based program, which
combined 4 modules based on cognitive-behavioral strategies
and 4 modules based on positive-psychology strategies. The
clinical study involved 108 patients having minimal, mild, or
moderate depressive symptoms. Results showed that patients’
negative affect and anxiety decreased significantly during
the implementation of the cognitive-behavioral therapy and
positive psychology modules. However, depression and positive
affect improved only after the introduction of the positive
psychology modules.

An interesting development of the use of technology for
promoting mental health concerns so-called “serious games,”
which are games designed to teach knowledge, skills or behavior
change. A key challenge in this domain is how to effectively
promote therapeutic games to ensure wide adoption and
scalability of this strategy. Poppelaars et al. carried out a study
comparing two alternatives in promoting mental health games,
one including explicit mental health messaging, and the other
not mentioning mental health but highlighting the entertainment
value. The experiment involved 129 young adults with mild to
mental health symptoms. Participants were shown two distinct
trailer designs, but they were unaware that both trailers promoted
the same commercial video game. Results showed that young
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adults with mild to severe mental health symptoms were almost
four times more likely to select a game when it was explicitly
promoted as beneficial for mental health, compared to when it
was promoted as entertaining. Brivio et al. review the concept of
technostress—that is, the psychological distress associated with
the inability to cope with the use of new technologies—and
discuss how Positive Technologies could help preventing this
issue, by promoting positive work experiences through an
effective organizational safety culture.

Emotion regulation—a person’s ability to effectively manage
and respond to an emotional experience—is a key aspect of
psycho-social functioning and well-being. How could digital
tools be used to support this process? Colombo et al.
address this question in a perspective article, which discusses
the potential of integrating technologies such as virtual
reality, wearable biosensors, smartphones, and biofeedback
for improving understanding, assessment, and intervention of
emotion regulation.

POSITIVE TECHNOLOGIES FOR
COGNITIVE ENHANCEMENT AND
NEUROREHABILITATION

While abundant literature exists regarding the negative
psychological implications of videogames, less attention has
been dedicated to the potential positive impacts of these
technologies on cognitive processes. Milani et al. report results
of an experimental study, which investigated the effects of the
videogame Tetris in the visuospatial domain both for adolescents
and preadolescents, comparing two visualization styles (i.e.,
2D vs. 3D). Results showed that playing the Tetris videogame
had a positive effect on visuospatial skills—at least in the short
term—and that the two visualization formats had a differential
influence on these competences.

Interactive technologies such as virtual and augmented
reality are increasingly being integrated in treatments aimed at
restoring cognitive and motor functions following a neurological
damage. In this area, Positive Technology can offer several
contributions, e.g., by inspiring the design of ICT-based
rehabilitation strategies that support patient’s empowerment,
engagement and motivation. Perez-Marcos et al. identify four
key aspects to consider when designing long-lasting effective
treatments for neurorehabilitation: (i) motor-cognitive training;
(ii) evidence-based neuroscience principles, in particular those
related to body perception; (iii) motivational games; and (iv)
empowerment techniques. According to these authors, virtual
reality is an effective tool to deliver neurorehabilitation programs
because it offers the opportunity to integrate these four
assets into a unique training environment. In a similar vein,
La Corte et al. describe the significant potential offered by
virtual reality to develop applications for the assessment and
training of episodic memory in normal and pathological aging,
thanks to the possibility of creating personalized and adaptive
virtual environments that can simulate naturalistic situations
and contexts.

POSITIVE TECHNOLOGY FOR FOSTERING
EMPATHY AND PROSOCIAL BEHAVIORS

In the last few years, scientific interest toward the use of advanced
simulation technologies, such as virtual, augmented and mixed
reality, for promoting prosocial abilities, and behaviors has been
increasing. Schoeller et al. discuss the potential of virtual reality,
biofeedback, and brain-control interfaces to foster empathic
abilities in humans. In particular, they suggest that virtual
reality can empower empathy training by allowing users to
“embody another self”—i.e., by providing access to sensorial
data concerning the body of another person, its immediate
context, and peri-personal space. Halton and Cartwright report
results of a study, which tested the efficacy of an immersive
training intervention to replicate the experience of living
with a chronic condition (Inflammatory Bowel Disease). The
training intervention, called “In Their Shoes,” draws on the
biopsychosocial model of illness and consists of constructed
narrative that contains individual challenges typically faced by
someone living with Inflammatory Bowel Disease. The digital
simulation was delivered via a smartphone application. The
study involved 155 employees of a pharmaceutical company and
consisted in a pre-post intervention assessment without control
condition. Findings showed that the immersive training program
led to increased understanding of and empathy for the lived
experience of patients with Inflammatory Bowel Disease.

Recupero et al. discuss how mixed reality could be used
in combination with storytelling to design experiences that
promote cross-cultural integration of immigrants. The authors
focus on homesickness (i.e., a state of distress associated to
being located in a new and unfamiliar environment) and need
of cultural integration as two key dimensions of immigrants’
experience. They argue that mixed reality may help addressing
these challenges by providing new digitally-augmented tools to
improve immigrants’ intercultural communication with people
in the receiving culture. For example, the use of mixed
reality could offer new ways of disclosing cultural meanings,
practices, memories, and personal representations of the hosting
community, reducing immigrants’ feeling of distance and
isolation from their countries of origin, and integrating digital
storytelling as a practice to make meaning and share experiences
of places, events, and people of the new culture.

Zuromski et al. investigate the potential of virtual reality
technology to foster empathetic, altruistic, and understanding
abilities. In particular, they describe embodied experiences and
virtual reality technologies as a form of socially-extended mind
and in turn as “mental institutions” that may be used as a model
to further our understanding of social phenomena.

POSITIVE TECHNOLOGY FOR
PROMOTING SELF-TRANSCENDENCE

A recent development of Positive Technology concerns
how interactive technologies may be used to promote
self-transcendent emotional experiences, that is, out-of-
the-ordinary life moments that allow individuals experiencing
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something greater of themselves, reflecting on deeper dimensions
of their existence, shape lasting spiritual beliefs, and enhance
feelings of connectedness (Gaggioli, 2016; Kitson et al., 2019).

Two papers investigated how virtual reality can be used to
promote and assess awe, a complex emotion with a significant
transformative potential. Chirico et al. describe results of a study,
which tested the efficacy of virtual environments designed to
elicit awe experiences. In this experiment, which involved 36
participants, three virtual environments were designed to induce
awe, whereas the fourth was targeted as an emotionally-neutral
stimulus. Results showed that virtual environments designed for
enhancing perception of vastness and need for accommodation—
two key dimensions of awe—induced higher awe and sense of
presence compared to the neutral virtual environment. Quesnel
and Riecke investigated how virtual reality may elicit awe,
and how features of aesthetic beauty/scale, familiarity, and
personalization (i.e., self-selection of travel destinations) may
elicit this complex emotion. In their study, 16 participants
were presented with a virtual environment that allows for
the appraisal of the Earth’s landscapes, cityscapes, and a view
of the planet from Earths orbit. To test participants’ awe
intensity, the authors used frequency of goose bumps for each
participant using a custom-made “goosecam” as well as self-
report questionnaires to collect participants’ emotion ratings of
the virtual experience; in addition to these quantitative measures,
qualitative methods of open-ended interviews and observations
of the participants were used. Results of the experiment showed
that immersive virtual reality can elicit subjective experiences
of awe and physiological goose bumps were observed in
several participants. Furthermore, findings revealed that aesthetic
beauty/scale and familiarity/personalization of the environment
positively influenced awe.

Stepanova et al. provide a design framework to create virtual
reality experiences of the “Overview Effect,” a profound cognitive
shift reported by many space-travelers triggered by the sight
of the earth from beyond its atmosphere. Common outcomes
of the experience are a feeling of awe for the planet, an
enhanced feeling of interconnectedness and a renewed sense of
responsibility for taking care of the environment. After reviewing
key psychological studies on the Overview Effect and awe,
authors propose guidelines for creating virtual reality experiences
to elicit this experience and evaluation methods for assessing it.

CONCLUSIONS

The papers published on this Research Topic provide a broad
overview of Positive Technology and indicate directions for its
future developments. The diversity of frameworks, applications
areas, intervention protocols and technological solutions covered
by these studies suggest that this emerging field offers exciting
new avenues for research and innovation in the domain of digital
well-being. Furthermore, the analysis of these contributions
allows identifying some key challenges for the future evolution
of this area.

First, the variety of conceptual analyses published in
this Research Topic confirms the inherently interdisciplinary

nature of Positive Technology, emphasizing the plurality of
perspectives (i.e., psychological, neuroscientific, technological,
design, artistic) that play a role in the design of digital well-being
tools. On the one side, the richness of these diverse views offers
the unique opportunity to create new synergies between different
research communities, with the common goal of improving
the relationship between people and technology and human
functioning in general.

On the other, renewed efforts are required to create
common theoretical and methodological approaches, also in
terms of developing interdisciplinary education programs to
train core skills and competences to psychologists, designers,
and practitioners interested in this topic. Furthermore, as
emphasized by Peters et al. achieving a stronger connection
between frameworks and actionable design practices is a key
research objective.

A further important trend highlighted by the contributions
included in this Research Topic is that applications of Positive
Technology are growing and wide-ranging, encompassing
mental health, neurorehabilitation/cognitive enhancement,
multicultural integration, socio-cognitive skills, and education.
However, several of these applications are still conceptual and
little or no empirical work exists on benefits, thus an important
future challenge is to translate these scenarios into testable tools,
protocols, and services.

A third and final consideration that can be drawn from the
present Research Topic is that more emphasis should be placed
on experiences, rather than on technologies, when designing
for positive change. In this regard, the definition “Positive
Technology” could be misleading, as a technology is neither
positive nor negative: its valence is ultimately determined by
the experience that a person has when interacting with a digital
tool or content, to which extent this experience is meaningful
and relevant and can contribute to a positive change for that
person. Thus, a future goal for Positive Technology researchers
is to better understand which dimensions of digital tools can
promote positive change through pleasure, effort, challenges,
flow, meaning, competence, endeavor, and positive relationships.

In conclusion, this Research Topic provides an overview
about the state of the art of research in technology for mental
well-being and offers possible directions to guide the design
of future applications and services in this area. Although
these contributions have highlighted several tools—such
as  virtual/augmented reality, biosensors, smartphones,
videogames—which can be used for promoting positive
change, the range of technologies that can be used for this
purpose is steadily growing and potentially extends to robotics,
artificial intelligence, and neurotechnologies. In this perspective,
we believe that Positive Technology represents not only a
scientific, but also a cultural opportunity to promote a more
human-centered view on the development of our digital future.
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Advances in biotechnology and information technology are poised to transform well-
being research. This article reviews the technologies that we predict will have the
most impact on both measurement and intervention in the field of positive psychology
over the next decade. These technologies include: psychopharmacology, non-invasive
brain stimulation, virtual reality environments, and big-data methods for large-scale
multivariate analysis. Some particularly relevant potential costs and benefits to individual
and collective well-being are considered for each technology as well as ethical
considerations. As these technologies may substantially enhance the capacity of
psychologists to intervene on and measure well-being, now is the time to discuss the
potential promise and pitfalls of these technologies.

Keywords: positive psychology, psychopharmacology, non-invasive brain stimulation, computational linguistics,
virtual reality, technology

INTRODUCTION

In Homo Deus, historian Harari (2016) extrapolates from current trends to predict how technology
might influence humanity’s future. As society continues to succeed in reducing disease, poverty,
and violence (e.g., Pinker, 2011, 2018), Harari argues that more resources will likely be devoted
to extending the human life span and fostering well-being. In terms of well-being, Harari points
specifically to the increasing capacity of technologies to modulate mental states and for algorithms
to help guide decision making in ways highly relevant to well-being. According to Harari, these
advances in biological and information technology may exert such a substantial influence on the
well-being of those who use them that these individuals could have a fundamentally different
experience of life. In other words, enhanced individuals may differ from the non-enhanced not
only in degree - but also in kind.

We are still far from any such fundamental alterations to human experience, but there are several
technologies poised to profoundly influence the scientific study of well-being, even within the
next decade. While Harari provides fascinating far-future speculations about psychopharmacology,
non-invasive brain stimulation, virtual reality environments, and big-data methods, there is a
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need to review and discuss current and emerging manifestations
of these technologies. In this perspective article, we predict
that the technologies we review will become commonplace in
psychological research on well-being in this decade, yet many
well-being researchers are relatively unaware of them or ill-
informed about their potential. In this review, we use Harari’s
work as an inspiration to describe some of these technologies
and call for further ethical and safety discourse due to the
increased capacity for intervention and measurement that these
technologies make possible.

The most well-known umbrella term for the scientific study
of well-being is Positive Psychology (Satterfield, 2000; Seligman,
2018). While Seligman’s (1998) address to the APA on balancing
an overemphasis on psychopathology to include more research
on well-being marks an important moment for the field
of Positive Psychology, quantitative well-being research (e.g.,
Diener, 1984) and positive psychology theory (e.g., Maslow, 1964)
stretch back decades earlier. In recent years, some progress has
been made toward understanding the major contributors to, and
other outcomes associated with, well-being. Some reliable factors
associated with well-being include; income, physical health,
marriage, optimism, and social support (e.g., Diener et al., 2002).
Technological advances will likely support, advance, and in some
cases provide entirely new tools for well-being measurement and
intervention.

In terms of current measurement tools, well-being research
typically uses self-report surveys distributed through digital
platforms. While this was once a paper-and-pencil process,
survey data are now typically gathered through digital surveys
hosted on platforms like Qualtrics and Amazon’s Mechanical
Turk or posted on websites (Buhrmester et al., 2011). Unlike
in previous decades, most psychometric scales distributed
in contemporary research have been tested for their factor
structure, validity, and reliability - and are used only after
having demonstrated adequacy across several metrics (Furr,
2011). The most well known scales in positive psychology can
be generally divided into affective measures and satisfaction
measures. An example of an affective measure is Positive and
Negative Affect Scale (PANAS; Watson et al., 1988) which
asks participants to indicate the emotions that they have
recently experienced (Watson et al., 1988) and an example of
a satisfaction measure is Satisfaction With Life Scale (SWLS;
Diener et al., 1985) which asks participants to indicate their
overall assessment of their life. While other measures of
well-being exist, such as measuring facial expressions like
Duchenne smiles (Ekman et al., 2013) and some physiological
and neurological markers (Davidson and Irwin, 1999), self-
report scales distrusted through online survey platforms is
the most common measurement strategy among contemporary
psychological researchers.

In terms of current well-being interventions, sometimes
called “positive interventions” (Rashid, 2009), most consist of
psychosocial activities. Like cognitive behavioral therapy (CBT;
Beck, 1979), many of these interventions presume that a
change in attention, engagement, and beliefs can foster both
a change in behavior and emotional experience. One example
of a positive intervention is “Three Good Things,” in which

one keeps track of three good things that happened to them
and why (Seligman et al., 2005). Structured well-being-oriented
curricula have been developed, including the Penn Resiliency
Program, which teaches children psychological skills that have
been demonstrated to reduce the incidence of mental health
problems (Gillham et al., 2007), Comprehensive Soldier Fitness
(Cornum et al, 2011), which is aimed at increasing the
resilience of the U.S. armed forces, as well as various positive
education initiatives, which aim to increase psychosocial skills,
mindfulness, and aspects of character development, have shown
success in improving academic performance and well-being
in some countries (e.g., Adler, 2017). Positive interventions
have generally been demonstrated to be reliably effective yet
small in effect size (Seligman et al., 2005; Bolier et al., 2013).
Notably, our interest in positive interventions in this article is
descriptive rather than prescriptive; we see positive interventions
primarily as tools with which to scientifically study well-
being.

Measurement and intervention paradigms in well-being
research are on the verge of shifting, however, and the current
measurement and intervention tools described in the previous
two paragraphs will likely look quite different a decade from the
time of this writing. These changes are largely due to several
technologies that will likely exert a strong influence on positive
psychology research in the coming decades. Some have referred
to research at the interface of positive psychology and technology,
“positive technology” (Calvo and Peters, 2012; Riva et al., 2012;
Villani, 2016; Bafios et al., 2017; Gaggioli et al., 2017).

In this review, we do not include technologies related to
genetic manipulations or so-called ‘strong’ artificial intelligence
(which exhibits general intelligence across domains) because,
while, if created, they will be undoubtedly massively influential
in well-being research, we believe that their development and
effects will be felt most acutely in longer than a decade from
the time of this writing (Russell and Norvig, 2016). Similarly,
we do not discuss social robotics, the internet of things, or
nanotechnology (e.g., Bhushan, 2017) for this reason. On the
other hand, we also do not discuss mobile device applications
(apps) or wearables (Piwek et al, 2016) because they are
already widely used for measurement and intervention, and
have been discussed elsewhere (e.g., Kay et al., 2011), nor
do we discuss gaming, which has also already been explored
for well-being research and interventions (e.g., McGonigal,
2011).

Here, we limit the scope of our focus on emerging technologies
that are not yet widespread but which we predict will have
a large impact on well-being intervention and measurement
within a decade from this writing. In terms of measurement,
machine-learning algorithms applied to large data sets (“big
data”) are becoming viable, allowing for scalable, unobtrusive
measurement of well-being and other psychological constructs
at the population level. In terms of interventions, non-invasive
brain stimulation, psychopharmacology, and virtual reality are
improving rapidly and proliferating in research and consumer
contexts, allowing for the modulation of mental states in ways
relevant to well-being. This article reviews predictive algorithms,
psychopharmacology, non-invasive brain stimulation, and virtual
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reality, in terms of how each pertain to the near future of well-
being research.

BIG DATA MACHINE LEARNING
PREDICTIVE ALGORITHMS

“Algorithms. .. will be so good at making decisions for us that it
would be madness not to follow their advice”
- Yuval Noah Harari

Predictive algorithms are perhaps most frequently
encountered as continuously improving decision and suggestion
systems that decode patterns from millions of user interactions—
from Google Now alerting us that a flight is delayed the moment
we step out of the door to race to the airport, to the movie
suggestions on Netflix. These systems have come into our lives
in a manner similar to how GPS did - at first most people tend
not to entirely trust the device’s advice, taking its directions more
as suggestions. Eventually, though, most people end up trusting
and following its directions without much hesitation. Beyond
entertainment, marketing, and minor administrative duties,
it may soon become the case that predictive algorithms will
provide more general insights that resemble those of coaches -
and perhaps even make highly accurate predictions about which
life decisions will maximize well-being, even in highly personal
domains like work and love, both of which have a tremendous
influence on well-being.

Algorithms have some learning advantages over human
cognition—when an algorithm detects and learns to avoid a
mistake based on a few occurrences, an update will push this
algorithmic insight to its entire user base. Once a self-driving
car learns a new trick, all cars share in the trick—unlike human
drivers, who have been trained individually. Algorithm-informed
decisions, in short, are on a different cumulative learning curve
than human decisions. The quality of their predictions is likely to
diverge further and further from those of human cognition with
every additional example that is added to its database to digest.
In general, algorithms are different from human decision-making
in terms of (1) ease of learning, (2) sensitivity and specificity of
decision making (typically measured against objective ground-
truth), and (3) generalizability of the learning. Humans tend still
to have advantages in (3) but machine/algorithmic approaches
may soon surpass humans at (1) and (2).

At present, algorithms have not yet entered the highest-stakes
domains in the decision-making processes of most people -
they are not even close to making career or marriage decisions.
However, the data that feeds predictive algorithms in these
domains is being collected from most of the population at
unprecedented rates, and with all big data algorithms, the
strongest predictor of the quality of a prediction system is the
availability of data sets of sufficient quality. Mobile phones,
owned now by the majority of the global population, are routinely
loaded with tens of sensors that span the detection of motion,
light, and environmental conditions, and capture health data, like
heart rate and step counts. Beyond these sensors, in our use of
digital spaces we leave behavioral residues, or “digital footprints,”
from sources such as our text message histories, geographic

location, and social media posts. With relatively few steps in
some cases, these data can be accessed through application
programming interfaces (APIs)—well-defined interfaces between
algorithms, allowing for the exchange and integration of data
into large data ecosystems. In addition, the Quantified Self
movement spans many apps and dedicated sensor systems,
tracking everything from weight to fluid intake to sleep quality,
and pushes the integration of digital quantification forward and
into the mainstream (Swan, 2013).

Algorithms can predict various psychological traits of users
on the basis of digital footprints with a high degree of accuracy.
Kosinski et al. (2013) have shown that “likes” on Facebook can
predict sexual orientation, ethnicity, and political orientation -
and these algorithm-based personality predictions can exceed in
accuracy those made by acquaintances (Youyou et al,, 2015).
Kosinski and Wang (2017) showed that face-detection algorithms
(like those used to unlock smartphones) can distinguish between
hetero- and homosexual orientation with 71-81% accuracy,
exceeding those of human raters. Beyond these examples using
“likes” and images, the vast majority of our digital traces are
textual. The linguistic content shared in Facebook posts can be
used to predict Big Five personality traits (Park et al., 2015),
gender (Park et al., 2016), and the linguistic features used for
prediction can reveal interesting features of constructs, such
as for religious affiliation (Yaden et al., 2017a). Importantly, a
variety of papers have documented the possibility of detecting
mental health states from social media (see Guntuku et al., 2017,
for a review) as well as physical health issues of communities
such as heart disease (Eichstaedt et al., 2015). Across these
examples, the predictive power of algorithms often exceeds
those of friend ratings or other meaningful baselines currently
employed.

So far in psychology, these algorithms primarily constitute an
advance in ways to collect data and—using machine learning
algorithms-combine distributions of observed features into
measurements and estimates. While the accuracy in many of
the early studies remains constrained by the self-report scale it
is trained on, measurement can proceed at much larger scales
unobtrusively. By using machine learning, researchers can train
models to associate certain features (i.e., certain words, phrases,
or “likes”) with scores on a given psychometric scale or task
that as been administered to the same users — but and then the
model can predict a score based on the features alone, without
the need for traditional measurement (Kern et al., 2016). For
example, given sufficient language from Facebook posts from
users who have also taken a psychometric self-report scale like
a life satisfaction measure, the model can then predict a score
on the life satisfaction measure based only on the social media
language collected from a sample. In other words, while the
training of such a prediction model may require costly survey
administration in a sample of users for which social media
language is also available, such a model can be applied at much
larger scale. For example, a life satisfaction model can be trained
on samples of about 2,000 Facebook users, and then applied
to the geo-located Tweets of tens millions of Twitter users to
generate estimates of average life satisfaction levels across entire
geographic regions. As a proof of concept, using this approach,
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the World Well-Being Project at the University of Pennsylvania
has created a map of the well-being of U.S. counties in the
United States (see Figure 1'; see also Schwartz et al., 2013).

In the near future, this increased capability for psychological
measurement of individuals and populations will begin to
inform and tailor interventions. When algorithms ingesting text
messages and social media messages are able to detect, for
example, depression relapse or the onset of manic episodes,
therapeutic interventions may be initiated immediately. This
linguistic approach will likely be combined with other big data
streams from genomic and neural network research (e.g., Baker
et al., 2014) to increase the accuracy of risk profiles to improve
early intervention and may help to guide decisions about which
interventions to utilize in a given instance. Health coaching
algorithms will be able to give tailored advice on how to increase
one’s well-being (e.g., apps might send messages to users like:
“sleep more!” “Your correspondence with Alice increases your
stress levels!” “Bob calms you down and lifts your mood”). And
finally, at the community level, the fine-grained measurement
of the psychological health of populations may mean that a
number of different policy interventions can be tested in different
communities, and the one shown to be most efficacious rolled out
on a larger scale—pushing the idea of evidence-based policy into
the age of big data.

Thus, this technological advance in measurement and
algorithm-derived models is progressively identifying possible
opportunities for targeted and measurable intervention. We now
consider three technologies as candidates to advance the frontier
of well-being interventions.

'map.wwbp.org

PSYCHOPHARMACOLOGY

“...in order to raise global happiness levels we need to manipulate
human biochemistry.”
- Yuval Noah Harari

Psychopharmacology is already commonplace in US society
and medications for mental disorders are among the most
prevalent prescriptions (Kantor et al, 2015). Some research
shows that about 70% of Americans are on at least one
prescription drug (Zhong et al., 2013) and at least 10% use a
psychopharmaceutical (Paulose-Ram et al., 2007). That is to say,
psychopharmacology is already quite common in contemporary
culture. Because of this proliferation, psychopharmaceutical
research is a well-funded and technologically sophisticated
domain of modern research. Most of this research has been
devoted to treating physical and mental illness, but, increasingly,
people are taking medications for less serious mental disorders,
which in some cases may come closer to a lifestyle choice
than a treatment for a mental disorder. Little is known about
the effects of most common pharmaceuticals on well-being,
including whether or not there are detrimental side-effects or
benefits to well-being.

At some points in US history, taking prescription
pharmaceuticals for well-being was popular. Milltown
(Meprobamate), for example, was a substance marketed for
its capacity to increase happiness. It was found, however, that
the substance is addictive and approval for its prescription was
withdrawn (Pieters and Snelders, 2009). Psychopharmacology
is a well-resourced research field out of which advances in
mental health treatment can be expected, and, likely, advances
in enhancement. However, the questions of addiction looms

% Penn | World Well-Being Project
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dimension represents county level scores of well-being.

FIGURE 1 | County-level well-being map of U.S. counties generated using a big data analysis of geo-located Tweets (adapted from footnote 1). The low-high
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large in this area, and it may be the case that, in general,
long-term chronic use of many psychopharmaceuticals
tends to diminish well-being. Future research in this area
will need to play close attention to the difference between
addictive “highs” and non-addictive enhancements to overall
well-being.

It may also be the case that enhanced well-being is a
hitherto understudied mediator of the therapeutic effects of
some medications for mental disorders. The most common
medications for mental disorders include medications for
depression: selective serotonin reuptake inhibitors (SSRIs)
and selective serotonin norepinephrine reuptake inhibitors
(SSNRIs); anxiety: Benzodiazepines (e.g., Alprazolam and
Clonazepam); pain: cyclooxygenase-2 (COX-2) inhibitors and
opioids; attention: amphetamine, dextroamphetamine, and
methylphenidate. Pain medications have played a central role
in an epidemic of opioid addiction (Nelson et al, 2015).
Attention deficit medication has been used as an enhancing
substance by many college students and has been shown to
increase motivation to study though there are health risks
to this practice (Smith and Farah, 2011). The question of
psychopharmaceuticals for enhancement is a relevant topic in the
field of bioethics, and, more specifically, neuroethics (Farah et al.,
2004). Again, the relationship between these widely prescribed
psychopharmaceuticals and well-being (potential benefits and
detriments) is largely unknown.

Chronic versus acute use of psychoactive substances may
be an important distinction in terms of well-being outcomes.
Several substances currently undergoing clinical trials have
demonstrated well-being effects from administrations in
single sessions. The first of these is the single session use of
Ketamine for the treatment of depression (Murrough et al.,
2013), which tends to result in an enhanced sense of well-
being (Dillon etal, 2003). MDMA, sometimes referred to
as an “empathogen” due to its tendency to increase positive
emotions and feelings of warmth toward other people,
is currently being tested for its efficacy in treating PTSD
(Oehen et al, 2013). MDMA is also reportedly associated
with enhanced feelings of well-being (Liechti et al., 2000).
Lastly, psilocybin is being tested for its capacity to reduce
symptoms of depression and anxiety (Ross et al, 2016).
Psilocybin has also been associated with marked increases
in aspects of well-being in clinical trials (Griffiths et al.,
2006) and correlational studies (Yaden et al, 2016). These
substances raise the potential for episodic interventions to
treat mental disorders and/or increase well-being. Similar
to the self-quantification movement, in the United States
there exists a vibrant “biohacking” community that is
actively exploring the use of small or below-threshold
doses of psychopharmaceuticals to improve daily well-being,
attention and creativity (for a discussion, see d’Angelo et al.,
2017).

The use of psychopharmaceuticals for enhancement and
well-being  beyond psychopathology remains relatively
uncharted terrain about which further ethical discourse
and research is required. This includes research into the
potential well-being benefits and detriments of recreational

uses of psychoactive substances, which has been rarely
explored despite the legality and widespread normative
use of various substances (e.g., alcohol, marijuana). With
modern efforts to develop “designer drugs” that maximize
the effectiveness of psychopharmacology to treat specific
problems within specific persons (Belmaker et al, 2012;
Oquendo et al,, 2014), it is also critical to evaluate under
what circumstances these approaches can enhance or diminish
well-being.

NON-INVASIVE BRAIN STIMULATION

“In research labs experts are already working on more sophisticated
ways of manipulating human biochemistry, such as sending
electrical stimuli to appropriate spots in the brain. ..”

- Yuval Noah Harari

Whereas psychopharmacology generally influences many
synapses distributed throughout the brain, brain stimulation
offers the ability to be more spatially precise. Directly
modulating the brain has long been a topic of science
fiction, but is now a scientific reality. In Do Androids Dream
of Electric Sheep (Dick, 1996), Philip K. Dick describes a
device called a “Penfield Mood Organ.” This device allows
its users to dial up whatever mood or mental state that they
desire. It is named for Wilder Penfield, the neuroscientist
who demonstrated that running low amplitude electrical
current through regions of a patient’s brain during surgery
could produce certain reliable effects on one’s subjective
experience and bodily functions (Penfield and Boldrey, 1937).
By stimulating the motor strip, for example, Penfield could
move the patients arms or legs; by stimulating temporal
lobe he could produce vivid recall of memories. Since the
1980s, brain stimulation technology has been moving Penfield’s
pioneering findings closer to the fictional mood-modulating
device.

There are several widely used forms of brain stimulation
technology, some invasive and some non-invasive. Invasive
forms of brain stimulation include deep brain stimulation
(DBS; Perlmutter and Mink, 2006) and electroconvulsive therapy
(ECT). DBS involves surgically implanting a lead into brain
tissue, which can then be activated. DBS has shown breakthrough
success in treating Parkinson’s (Moreau et al, 2008) and
is being tested as a depression treatment (Mayberg et al,
2005). ECT involves introducing a stronger electrical current
that is capable of generating a seizure in patients. It is
a widely misunderstood treatment in that many laypeople
have a negative impression of it despite its considerable
effectiveness in treating major depression (Sackeim, 2017).
ECT will remain a standard of care and DBS will likely be
shown to demonstrate further efficacy in mental and physical
illnesses, but the application of these technologies in well-
being research will likely remain limited due to the medical
risks involved with these procedures. Closed-loom stimulation
may be the most near-term candidate for major advances in
invasive brain stimulation (Klein et al., 2016). Furthermore,
while Elon Musk’s neuroscience start-up Neuralink may use
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permission from Medaglia et al. (2017).

FIGURE 2 | (A) The brain includes major neural subdivisions that serve distinct roles in computation, here represented by labeling Brodmann (1909). (B) Techniques
such as diffusion weighted imaging can provide information about the major connections among brain regions (the “connectome”). (C) Low level neural organization
supports information processing and is embedded within the macro-scale connectome. (D) The brain can be represented by networks at multiple scales that can
putatively be guided using control input targeted to specific neurons, regions, and circuits to promote states of better wellbeing. Figure and caption adapted with

X

minimally invasive means in order to create sophisticated brain-
computer interfaces (BCI), this possibility may be more than a
decade away from immediate relevance to most psychological
researchers.

Non-invasive forms of brain stimulation are the kinds of
brain stimulation technology that are already beginning to exert
an influence in the field of well-being research. Historically,
bio- and neurofeedback - the use of operant conditioning in
combination with physiological measurement - have shown
some efficacy, which is now being enhanced by more precise
forms of measurement (Watanabe et al.,, 2017). Transcranial
magnetic stimulation (TMS) involves passing magnetic pulses
through the skull and into the cortex, which can then hypo-
or hyper-polarize neurons, thereby allowing for some control
over the activation or inhibition of particular cortical regions
(Hallett, 2000). Transcranial direct current stimulation (tDCS),
another form of non-invasive brain stimulation, works by
passing a low voltage current between anodal and cathodal
electrodes on the scalp, allowing the brain tissue between
the electrodes to complete the circuit between them (Fregni
and Pascual-Leone, 2007). This electrical charge can raise or
lower the action potential threshold in the neurons across
particular cortical regions, making them more or less likely
to fire, thus altering brain activity across a brain region.
TMS and tDCS have both been demonstrated to successfully
modulate a number of mental processes, including creativity,
morality, learning, attention, and depression (Hamilton et al.,
2011).

Most psychological research on TMS has been focused on its
application as a depression treatment, for which it has been found
effective (O’Reardon et al., 2007), and its application to boosting

well-being is only just beginning. Future brain stimulation studies
on well-being will build on findings from neuroimaging and
optogenetic research. For example, several “hedonic hotspots”
have been identified that brain stimulation researchers might
target to enhance well-being (Smith et al., 2010). These regions
relate to well-being in different ways. For example, “liking” and
“wanting” circuits have been differentiated from one another
(Kringelbach and Berridge, 2009, 2017).

In addition to identifying specific targets to influence
well-being, brain stimulation is being combined with modern
approaches from complex systems to seek personalized
approaches to brain stimulation. For example, approaches from
modern “connectomics” are identifying ways to control
brain dynamics in complex networks (Muldoon et al,
2016). More broadly, control theoretic approaches applied
to neuromodulation might lead to energy efficient, adaptable
technology that can more precisely guide dynamics to desired
neural and cognitive states (see Figure 2; Medaglia et al., 2017).

VIRTUAL REALITY

“... it should therefore be theoretically feasible to simulate an entire
virtual world that I could not possibly distinguish from the ‘real’
world.”

- Yuval Noah Harari

Virtual reality (VR) involves hardware and software capable
of generating realistic sensory simulations (Parsons et al., 2017).
While using VR, people experience differing degrees of presence,
or the feeling of really being ‘there’ in both mind and body
(Riva et al., 2007). During these immersive VR experiences, it is
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common for virtual stimuli to elicit reflexive responses beyond
that which can typically be elicited using 2-D screens and can
even evoke responses similar to those produced by equivalent
situations in real life (Meehan et al., 2002).

Virtual reality is likely on the verge of becoming a ubiquitous
consumer device in economically developed nations. This is
primarily due to its capacity to enhance the experience of
communication by bringing in a more embodied component,
combined with the increasing quality and lowering cost of
the necessary hardware. With VR, users can inhabit the same
virtual space as their communication partner(s), making the
experience more like a face-to-face conversation than current
social media platforms allow. The popular social media company
Facebook bought one of the most advanced consumer VR
companies, Oculus Rift, providing research and development
funding to make the widespread use of VR more likely. VR may
become a common form of digital interaction, but the effects
of spending substantial periods of time in virtual environments
for communication or recreation remains unknown, particularly
in terms of well-being. Here again, the distinction between
addiction, other detrimental effects, and/or benefits to well-being
will need to be carefully disambiguated through research.

Positive emotions and other experiences related to well-being
can be induced in VR environments. That is, transient VR
environments can effectively simulate various specific scenarios,
often occasioning visceral subjective responses in users, even in
highly controlled laboratory settings. A variety of more general
health-related VR applications are currently available (Bafios
et al,, 2013; Freeman et al, 2017) and have been for some
time (Riva, 2005; Gregg and Tarrier, 2007). VR is a particularly
ideal tool to further create feelings of awe, because most awe
stimuli (such as the view from the top of a mountain) are
difficult to create in laboratory settings, but are relatively easy
to simulate using VR (Chirico et al., 2016). Preliminary studies
have indeed found that VR can indeed effectively induce awe
in laboratory settings (Chirico et al., 2017). We note that VR
is not only a useful well-being research tool for intervention,
but also for measurement, as newer equipment will be capable
of tracking eye movements and scanning facial expressions.
Additionally, physiological measurements can be easily taken in
VR laboratory settings and behavior in the virtual environment
can be recorded.

Virtual reality technology may have the capacity to
democratize certain positive experiences. For example, a
hospitalized or otherwise housebound individual could put
on a VR headset and walk the streets of Paris, climb Mount
Everest, or orbit the planet Earth. Research using VR as a tool
for inducing certain emotional states, perceptual illusions, and
standardized social interactions will likely become quite common
in laboratory contexts. VR can help us understand the specific
manipulations that influence well-being with unprecedented
control and possibilities. Additionally, the large-scale experiment
of VR-mediated communication in social media platforms
will become an important topic of well-being research. The
well-being of VR users will likely be impacted both by how long
they spend in VR and the kinds of experiences they engage in
while in virtual contexts.

ETHICAL CONSIDERATIONS

“Through trial and error we are learning how to engineer mental
states, but we seldom comprehend the full implications of such
manipulations.”

- Yuval Noah Harari

The opportunities for well-being measurement and
intervention research raised by the emerging technologies
reviewed above also raise a number of risks and ethical concerns.
These technologies open avenues to an increased degree of
control over human experience, both in terms of modifying
mental states and traits. This possibility raises concerns about
changing personal identity and autonomy as well as issues related
to the equitable distribution of technology - issues that are
discussed in more detail below. We lack the space to cover the
unique issues with each technology, but will make some general
observations about issues specifically related to enhancing well-
being. As always, safety is paramount, as are protections around
informed consent (Iwry et al., 2017). People participants should
understand the kind of experience that they are embarking upon
in every given instance of enhancement - the risks and the
potential benefits. We recommend that research ethics guidelines
be developed for each of the technologies reviewed in this article,
signed by members of the relevant professional communities
(e.g., Madary and Metzinger, 2016).

One perspective on this increased capacity to manipulate
human experience has been called ‘Mind Control’ (Medaglia
et al, 2017). Neural manipulations combined with modern
systems engineering could eventually produce very specific
control over mental experience and behavior. While many uses
of brain stimulation are in some ways analogous to “nudges”
(Thaler and Sunstein, 2008) - altruistic efforts to minimally but
effortfully influence individuals to make better choices - it is
in principle possible to evoke more potent and specific control
over an individual. In the most optimistic cases, we could greatly
improve our capacity to enhance well-being in persons. However,
the opposite ability to do great harm may also prove possible.
Thus, if these techniques become available, we must rigorously
evaluate uses of technologies in terms of safety, beneficence,
respect for persons, justice, and preservation of human autonomy
(Shamoo and Resnik, 2009).

Regardless of the mechanism and potency of an intervention,
the possibility of enhancing traits raises the question of which
traits might be targeted. A number of traits are highly valued
by society, such as intelligence and self-regulation, for the
aim of professional and financial success. Some traits have
been shown to be highly associated with well-being. The
traits related to professional success and well-being form a
partially overlapping set. People could be enhanced to have
their thresholds for experiencing positive emotions and negative
emotions independently adjusted, for example, to alter their
overall ratio of emotional experiences (Fredrickson, 2013). These
kinds of adjustments, it should be noted, carry the danger of
de-coupling one from their assessments of life circumstances.
In some cases, one may become more in touch with reality (if
they tend to be overly pessimistic) whereas in other cases, there
may be a trade-off between realism and well-being, which most
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people would likely not prefer (see Lavazza, 2016). Specifically,
most people desire to have the most accurate possible view
of themselves and the world, even at the expense of well-
being, as described by Nozick (1974) in his experience machine
thought experiment. Therefore, well-being enhancements should
also consider and potentially aim to enhance both accuracy
and the capacity to pursue one’s goals in the world. Certain
personality traits have been associated with well-being, and recent
research has shown that personality traits, while usually stable,
are changeable (e.g., from a course of CBT; Roberts et al., 2017).
Could these interventions change our very identities? If so, how
can this possibility be adequately communicated in a robust
informed consent process?

In regard to well-being and achievement in particular, one
should be concerned with equitable distribution. There are, of
course, many resources that are not distributed equitably (e.g.,
education, healthcare, and the “digital divide” between the haves
and have-nots of digital technologies), which is also the case
with psychology. ECT, for example, while one of the most
effective severe depression treatments, is less available in low
SES areas (Sackeim, 2017). More generally, novel technologies
developed at great cost are usually more accessible to the affluent.
Even if equitable distribution does eventually occur, as it is
unlikely to in the early stages of technological development,
an enhanced class could emerge that would amplify existing
class differences along socio-economic lines. We suggest that
researchers and policymakers should not treat technologies for
enhancing well-being differently than other resources known to
enhance well-being, such as access to educational, vocational,
and recreational opportunities. If the approaches to enhancing
well-being described above are validated, safe, and become widely
available, the principle of equity would dictate that efforts should
be made for such interventions to be equitably available to all
persons under reasonable safety guidelines.

In addition to trait enhancements, these technologies will
increase access to certain kinds of mental states, or experiences.
Various intensely altered and meaningful states of consciousness
may be amenable to manipulation using these emerging
technologies. To illustrate with one kind of mental state that
has been shown to be highly associated with well-being, self-
transcendent experiences (STEs) are associated with increased
connectedness and decreased self-salience (Yaden et al., 2017b).
A number of mental states described in common psychological
constructs contain a self-transcendent aspect (though they
are otherwise more dissimilar than alike), including: flow
(Csikszentmihalyi, 1996), mindfulness (Davidson and Kabat-
Zinn, 2004), awe (Keltner and Haidt, 2003), and mystical
experiences (Hood et al., 2001). There is variability in our culture
in terms of who has had these experiences and who has the
time and resources to seek them out. Several studies have shown
that about 30% of the population completely agrees that they
have felt at one with all things (Hood et al., 2009). Some of
these experiences are counted among life’s most meaningful
moments and psychopharmacology and non-invasive brain
stimulation may make these experiences increasingly available.
This possibility raises a host of ethical concerns, especially in
cases where direct technological causation is incompatible with

one’s metaphysical commitments and given the possibility that
easy access to such experiences might diminish their value or
positive effects. Such mental states, which impact well-being
as well as identity and interact strongly with belief and value
systems, will likely be amenable to manipulation by emerging
technologies, so ethical discussion regarding this possibility is
warranted and needed. Describing a vision that seems equal parts
inspirational and worrying, Harari writes:

In the future, however, powerful drugs, genetic engineering,
electronic helmets and direct brain-computer interfaces may open
passages to these places. Just as Columbus and Magellan sailed
beyond the horizon to explore new islands and unknown continents,
so we may one day embark for the antipodes of the mind.

In the case of measurement issues and the increasing power of
algorithms, it should be acknowledged that business ecosystems
exist to generate economic value from these datasets. Many
companies already collect, integrate, and trade such data as a core
part of their business model, and micro-targeted advertisement
on the basis of such data sets was at work in the last few
US elections (Grassegger and Krogerus, 2017) with unclear
effect. The need for ethical discourse and education about
these existing technologically driven changes to social processes
is urgently necessary. Furthermore, well-being research more
generally could be leveraged by business ecosystems: if well-
being is an in-demand product of some technologies, these
technologies are likely to become commercialized and subject to
general market principles. This is already the case for numerous
non-invasive brain stimulation technologies well in advance of
scientific consensus about the efficacy (or lack thereof) of these
products. While there may not currently be a regulatory gap
for these early technologies (Wexler, 2016), new developments
should be closely monitored to ensure that business practices
conform to federal guidelines, and consumers should be educated
about the evidential basis for specific technologies. Researchers
as well as the public ought to be vigilant against false claims
in the media or even in popular fiction (Wurzman et al., 2017)
regarding the efficacy of well-being enhancement. Consideration
of the concerns and risks raised in this section such as consent,
safety, beneficence, respect for persons, justice, autonomy, and
equitable distribution, as well as other ethical considerations that
we cannot yet anticipate is imperative. We also note, however,
that failing to take the potential utilities of such technologies
into account raises a set of ethical concerns (e.g., Danaher et al.,
2018).

CONCLUSION

New technologies capable of enhancing measurement and
intervention will likely have a sizable impact on the science of
well-being. To reiterate, we are not advocating for the increased
utilization of technology for the purpose of enhancing well-being,
nor are we implying the naive view that a positive correlation
between technology use and well-being exists. In fact, it may well
be the case that well-being research finds that in many cases less
frequent use of certain technologies increases well-being, as has
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been found in the area of some kinds of social media
use, for example (Seabrook et al., 2016). A careful empirical
evaluation of each intervention is warranted in terms of its
capacity to increase or decrease well-being - an effort that
requires larger and richer datasets than have been available
to field. The extent to which biotechnology and information
technologies achieve safety, effectiveness, and, especially, ethical
aims, must form the core criteria for the introduction of any
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Research in psychology has shown that both motivation and wellbeing are contingent
on the satisfaction of certain psychological needs. Yet, despite a long-standing
pursuit in human-computer interaction (HCI) for design strategies that foster sustained
engagement, behavior change and wellbeing, the basic psychological needs shown to
mediate these outcomes are rarely taken into account. This is possibly due to the lack
of a clear model to explain these needs in the context of HCI. Herein we introduce
such a model: Motivation, Engagement and Thriving in User Experience (METUX). The
model provides a framework grounded in psychological research that can allow HCI
researchers and practitioners to form actionable insights with respect to how technology
designs support or undermine basic psychological needs, thereby increasing motivation
and engagement, and ultimately, improving user wellbeing. We propose that in order to
address wellbeing, psychological needs must be considered within five different spheres
of analysis including: at the point of technology adoption, during interaction with the
interface, as a result of engagement with technology-specific tasks, as part of the
technology-supported behavior, and as part of an individual’s life overall. These five
spheres of experience sit within a sixth, society, which encompasses both direct and
collateral effects of technology use as well as non-user experiences. We build this model
based on existing evidence for basic psychological need satisfaction, including evidence
within the context of the workplace, computer games, and health. We extend and hone
these ideas to provide practical advice for designers along with real world examples of
how to apply the model to design practice.

Keywords: HCI, user experience, wellbeing, self-determination theory, design, motivation, engagement

INTRODUCTION

The Impact of Technologies on Psychological Wellbeing

Every technology can deliberately or inadvertently impact psychological wellbeing. As a simple
example, consider the nuanced impacts emerging from the instant connectivity made possible by
smartphones. Kushlev and Dunn (2015) demonstrated that the number of times a day people could
check email increased stress levels, while other studies show that the mere presence of a mobile
phone diminishes the quality of face-to-face interaction (Przybylski and Weinstein, 2013; Misra
et al., 2016).
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Beyond these unintended effects, technologies can also be
consciously designed to enhance or regulate people’s emotions
(Norman, 2005) and over the last 15 years interaction designers
have shifted their focus from mere usability to also making
products enjoyable and engaging, generally with the goal of
increasing usage. However, factors such as engagement and
enjoyment do not necessarily contribute to sustainable wellbeing.
Indeed, as studies in video games (Rigby and Ryan, 2011)
and media consumption (Hefner and Vorderer, 2017) confirm,
too much engagement can crowd-out healthy activities to the
detriment of overall wellbeing. Thus a larger question remains:
How can technology be designed to support wellbeing that
encompasses more than just immediate hedonic experience, but
also its longer-term eudaimonia, or true flourishing? (Ryan and
Deci, 2001, 2017; Sirgy, 2012).

Design for Wellbeing in HCI

A desire to design for deeper meaning, happiness, and human
flourishing has gained momentum in HCI over the past 5 years,
and both researchers and practitioners have struggled to bridge
this new impetus to clear actionable practice.

Among the contributions to this area is work on Positive
Technologies (Riva et al., 2012), Experience Design (Hassenzahl,
2010), Positive Design (Desmet and Pohlmeyer, 2013), and
Positive Computing (Calvo and Peters, 2014). At the broadest
level, Positive Technologies takes from positive psychology
and argues for the benefits of using technology to influence
the (1) affective quality, (2) engagement/actualization, and (3)
connectedness of experience. Examples of positive technologies
have generally been virtual reality environments and other
forms of software design as interventions for mental health and
wellbeing. Positive Design on the other hand has focused on
how the design of any artifact, built environment or service
might foster flourishing. Desmet and Pohlmeyer’s framework for
wellbeing requires that a product be designed for virtue, pleasure
and/or meaning, where none of these components interferes
with the others (Desmet and Pohlmeyer, 2013). Hassenzhal
has proposed an experience-focused approach centered on
“fulfilling psychological needs” (including autonomy, popularity,
stimulation and others) as a method for inscribing meaning
and happiness into products (Hassenzahl, 2010). He proposes
doing so by uncovering “experience patterns” in human activities
that distil the essence of certain need-fulfilling practices.
Finally, as part of Positive Computing, Calvo and Peters
(2014) have focused on wellbeing-supportive design for all
technology by targeting wellbeing determinants (ie., self-
awareness, compassion, gratitude, motivation, etc.) and by
leveraging the research and measures for these constructs for
design and evaluation.

The four approaches described above (Riva et al., Desmet and
Pohlmeyer, Hassenzhal, and Calvo and Peters) provide pathways
to inspiring design based on psychological factors shown to
contribute to wellbeing. In addition, other combined editorial
works such as (Calvo et al.,, 2016; Villani et al., 2016) help bring
together frameworks and empirical evidence helpful to advancing
the field.

However, there remains a substantial gap between existing
frameworks and immediately actionable design practices. For
example, a library of validated “experience patterns” as
Hassenzhal’s work points to, has yet to be developed. Clear
design features relating to wellbeing determinants, pleasures,
virtues or meaning (as Positive Computing and Positive Design
recommend) have yet to be identified. Most importantly,
perhaps, in light of urgent concerns with technology addiction,
none of the frameworks provides help or guidance on how
design can disentangle engaging experiences that are healthy
from engaging experiences that are addictive. In other words, the
design community has made important headway in shaping what
we believe to be the next era in human-centered technologies,
but more bridge-building is necessary before the practice of
wellbeing-supportive design can be robustly deployed across the
industry.

The field requires a model based on methodologically sound
approaches that can support hypotheses which can be tested
experimentally. This model, and the studies it would support,
would allow for experience patterns to be developed, design
strategies to be identified and unhealthy positive experiences to
be differentiated from healthy ones. In this paper we propose a
candidate for such a model of wellbeing-supportive design along
with practical methods for working with that model.

The Three Keys to Engagement, Motivation
and Wellbeing

The core elements in our solution to designing for wellbeing
leverage Self-Determination Theory (SDT; Ryan and Deci,
2000b, 2017) which provides a mature and empirically-
validated approach to examining factors that promote sustained
motivation and wellbeing. Although a nuanced theory, in
its broadest strokes, SDT identifies a small set of basic
psychological needs deemed essential to people’s self-motivation
and psychological wellbeing (Ryan et al, 2013), and whose
neglect or frustration is associated with ill-being and distress.
These basic needs are:

e Autonomy (feeling agency, acting in accordance with one’s
goals and values),

e Competence (feeling able and effective),

o Relatedness (feeling connected to others, a sense of
belonging).

These three factors are a sort of minimum common denominator,
which come with the widest research evidence available (see
Ryan and Deci, 2017 for a review) to explain causal relationships
between independent variables (design features) and dependent
variables (wellbeing, motivation and engagement measures).
This differs from the approach taken by other authors. For
example, Hassenzhal and colleagues incorporate “popularity” as
a psychological need (Hassenzahl et al., 2010) however, we argue
that popularity is sometimes a desired outcome mediated by
the basic psychological needs for relatedness and competence
and not a universal core need in and of itself. Likewise, the
wellbeing determinant, “compassion” which we’ve elaborated on
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in previous work (Peters and Calvo, 2014), is also a wellbeing-
supportive outcome which is itself mediated by the three basic
needs (largely relatedness, but also autonomy and competence
which differentiate compassion from empathic distress (Peters
and Calvo, 2014).

We are certainly not suggesting there is no value in
using constructs such as popularity or compassion to inform
design. Nor are we attempting to reduce the totality of
human psychological experience to three constructs. We are
simply highlighting that these three are the most rigorously
shown to be essential and predictive of wellbeing and other
desired HCI outcomes, and therefore most critically important
to assess within HCI contexts. Specifically, SDT defines
the term “basic psychological need” very strictly as those
satisfactions that:

are inherently rewarding/motivational.

when satisfied lead to flourishing.

when frustrated lead to negative experience.

function across diverse cultures and developmental stages.

At first blush this may seem like a lot to attribute to three
constructs, but a more thorough exploration of them reveals a
depth and clear link to more commonly articulated concepts
like meaning or happiness. More importantly, this claim is
based, not on opinion, but on four decades of empirical
research systematically demonstrating these specific three factors
to be the most predictive and reliable mediators of motivation,
engagement and wellbeing. A survey of the literature is out of
scope for this paper, but Ryan and Deci (2017) and Vansteenkiste
and Ryan (2013) provide comprehensive reviews.

In addition, several meta-analyses aggregate the results of
multiple studies to provide robust evidence for these needs
within various domains. For example, Ng et al. (2012) aggregated
data from 184 studies exploring SDT constructs for behavior
change in health. A meta-analysis by Hagger and Chatzisarantis
(2009) combined the results of 34 studies of the Theory of
Planned Behavior (TPB) and SDT and provide cumulative
empirical evidence of how SDT predicts intentions and behavior
in the TPB. A meta-analysis by Chatzisarantis et al. (2003)
used 21 studies to explain motivation and SDT constructs in
the context of exercise, sport, and physical education. Gagné
and Deci (2005) analyzed the literature on how SDT explains
the interaction of intrinsic and extrinsic motivation in the
workplace.

It is also important that the basic needs defined by SDT
are: measurable, intrinsically rewarding, and always safe targets
for design because there is no point at which you “overfill” on
them (as opposed to, for example, stimulation as posited by
Hassenzahl et al., 2010). For example, with regard to autonomy,
people cannot have too much volition—feel “too willing” to
act (they want to feel as autonomous as possible). People
cannot feel foo competent (yes, one can be bored, but not
too effective as in “I wish I were less competent at this”).
Finally, one cannot feel too much relatedness—even if one
can get too much meaningless or unwanted social stimulation.
Understanding these basic needs is important for design
because it represents a path in which experiences of inherent

import to users can be addressed and without great risk of
overdoing it.

Basic Psychological Needs as Effective

Proxies for Wellbeing-Supportive Design
There are many constructs that describe the positive elements
of human psychological experience (serendipity, fun, praise,
gratitude, etc.) and any of these can be very useful to design
for ideation and insight. However, by distilling our focus
to just the three basic psychological needs that have been
consistently and cross-culturally shown to mediate wellbeing, we
are handed the controllers, so to speak, of wellbeing-supportive
experience.

While the secrets to engagement, motivation and wellbeing
have often appeared to reside inside a black box, what research
shows is that it is the basic needs that are in that box. In other
words, if you increase autonomy then engagement will improve,
if you increase competence then motivation will increase, and if
you increase relatedness then wellbeing will be enhanced-these
needs become the controllers we tweak and adjust to iterate on
and improve experience. In other words, basic needs are the
mediating variables between product and well-being, and thus
can be used as proximal criteria for adjusting design (making
possible the “usable evidence” called for by Klasnja et al., 2017).

For example, SDT has been used to develop “personas” of
digital coaches (Jansen et al., 2017). It can also be used during
testing, for example, to evaluate feedback from a wearable
device in order to optimize product satisfaction. Does the
device provide feedback that increases feelings of mastery
(enhancing competence) or does the feedback provided feel
like empty praise or meaningless numbers? Does the device
offer meaningful choices (enhancing autonomy)? Do features
that connect users actually increase relatedness? In this way,
the specific features of an interface can be measured against
psychological need satisfaction and adjusted accordingly with
resulting improvements to user experience, engagement and
wellbeing.

Links to Behavior Change

Basic psychological needs are not new to HCIL They have
already been applied, but almost exclusively as a model of
motivation to enable behavior change (i.e., Hekler et al,
2013). In contrast, the literature linking psychological needs to
wellbeing or sustained engagement is less well-known within
the HCI community and therefore fewer links have been
made.

This paper answers a call extended by Hekler et al. (2013)
for “behavioral scientists and HCI researchers to work together
on the design of behavior change technologies.” Specifically
they advocate drawing on theory to “make decisions about
which functionality to support and how to implement such
functionality.” In their paper, which provides guidance to HCI
researchers on the use of behavioral theories, they discuss
behavior change models such as TPB (Ajzen, 1991), Self-Efficacy
Theory (Bandura, 1996; Schunk and Usher, 2012), and SDT
(Ryan and Deci, 2000b, 2017). These are all large-scale theories
that generalize to multiple contexts (i.e., meta-models), but
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which can often be hard to apply in HCI with much resolution.
Herein, we provide tools to make this application, regarding
self-determination theory (SDT), far more straightforward. Our
SDT-based model Motivation, Engagement, and Thriving in User
Experience (METUX) is described below.

Background Summary and Walkthrough

In summary, SDT identifies three basic needs, the satisfaction
of which are known to increase three primary desired outcomes
of user experience: motivation, engagement and wellbeing.
Therefore, through conscious design and testing, designers can
focus on supporting these basic needs through the functions,
features and contents of their technologies in order to improve
user experience and wellbeing. Evidence for this impact and the
practical links to design decisions are included in this paper.

We first introduce relevant SDT constructs and how they can
be adapted holistically to the technology design context. Then we
present METUX, a model that can be used for the evaluation and
iterative design of technologies in order to optimize engagement,
motivation and wellbeing. We elaborate on motivational design
in a technology context and provide measures that can be used to
evaluate designs for psychological needs in practice.

CRITICAL CONCEPTS FOR A MODEL OF
WELLBEING-SUPPORTIVE DESIGN

The Importance of Differentiating Spheres

of Impact

Calvo et al. (2014) explored ways in which autonomy can be
influenced by technology within various spheres of experience.
This work highlighted the necessity for specificity about the
levels at which need satisfaction can take place. For example,
“autonomy-support” could equally refer to the addition of
customization to software, or to the extent a self-driving car
increases autonomy in the daily life of someone who is vision-
impaired. We posit that it is helpful to think about how a
technology influences wellbeing within at least four different
spheres of experience: (1) As part of interacting with the
technology via its interface, (2) As part of engaging with
technology-enabled tasks (e.g., self-tracking) (3) In relation to the
overarching technology-supported behavior (e.g., exercise) 4. As
part of a user’s overall /ife (See Figure 1).

Acknowledgment of these differing spheres of experience
is essential if we are to avoid creating technologies that are
need-satisfying at one level but need-frustrating at another (i.e.,
addictive). Nevertheless, this acknowledgment has been largely
missing from the literature on design for human factors. The
conceptions about HCI as a discipline (Long and Dowell, 1989)
have often limited research to what goes on at the interface
level, even arguing that some spheres are beyond the bounds
of HCI (Siek et al., 2014). Others like Smith et al. (2014) have
instead valued the importance of considering impact on a “value-
chain” of proximal intermediate and distal effects. No matter
how wide the purview of HCI per se, design for wellbeing is an
interdisciplinary endeavor and can therefore not be bound by
disciplinary limits if we are to design holistically for thriving. Our

Life

/6X

EEs

Behavior

‘ Tasks

Interface

)

FIGURE 1 | User Experience of wellbeing — Spheres of Experience within
which technology can influence wellbeing.

model, therefore includes consideration of the different spheres
of experience within which psychological needs can be influenced
and we describe these in greater detail in relation to the model in
section A model for Motivation, Engagement, and Thriving in
the User Experience (METUX).

Basic Psychological Needs in Context

Before discussing the METUX model it is worth taking a brief
look at more complete definitions of the three basic psychological
needs and how they have already been used in service of HCI
research. The first and most widely studied within technology
domains is autonomy.

Autonomy

The term autonomy literally means to be governed by the self
and refers to a sense of willingness, endorsement or volition
in acting (Ryan and Deci, 2017). Autonomy should not be
confused with merely doing things independently or being in
control; rather when people act with autonomy, they act with
high willingness and in accordance with their personal goals
and values, connecting autonomy to meaning & purpose. An
individual can very willingly relinquish control or embrace
interdependence. As a result of autonomous experience, an
individual’s quality of behavior and performance is higher and
they experience greater wellness. A growing understanding of
the importance of autonomy has lead to a radical shift within
healthcare and a parallel change on the horizon in engineering.
Where in the past, doctor-patient relationships left little room for
patient agency, biomedical ethicists (Beauchamp and Childress,
2001) now consider deference to patient autonomy as a guiding
principle.

Within engineering, the vast majority of research has focused
on the design of autonomous systems, particularly robots
and vehicles, rather than on supporting autonomous humans
(Baldassarre et al., 2014). More recently however, the Institute
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of Electrical and Electronics Engineers (IEEE) has developed
a charter of ethical guidelines for the design of autonomous
systems that places human autonomy and wellbeing center-stage
(Chatila et al., 2017). One of our aims within this paper is to assist
technology creators in this quest to respect and support human
autonomy as part of overall psychological need satisfaction in
future technology design.

Friedman (1996) identified four aspects of software systems
than can support or hinder user autonomy (i.e., system capability
and complexity, misrepresentation, and fluidity) but focused on
the direct impact of the system’s use (what we would refer to as
the interface sphere) and not the broader impact on other aspects
of a person’s life.

Design for autonomy is very familiar to game designers
(Ford et al, 2012) and has been shown to predict measures
of presence and intuitive controls (Ryan et al., 2006). Devices
that offer options and choices over use, and do not in turn
demand actions from users without their assent, enhance feelings
of autonomy. Personalization also creates a sense of ownership
and choice beneficial to autonomy (Ryan and Rigby, 2018).
Ryan et al. (2006) showed how perceived autonomy in video
games can lead to game enjoyment, preferences, and short-term
wellbeing. Furthermore, Peng et al. (2012) tested an interactive
exercise game in which an autonomy-enhancement feature was
turned “on” and compared to an “off” condition. The feature
inclusion significantly affected game enjoyment, motivation for
future play and overall game ratings. Most relevant is that the
relationship between the design feature and engagement was
mediated specifically by autonomy in expected ways, consistent
with SDT.

Beyond the sphere of the user interface, technologies can
also facilitate greater autonomy within daily life by removing
obstacles or augmenting capabilities, allowing people to pursue
self-determined goals more fluently. For example, assistive
technologies, productivity tools or health management apps, can
all increase autonomy in relation to daily behaviors.

Finally, there is the potential for technologies to foster
autonomy as an overarching characteristic of psychological
development and flourishing. For examples, some technologies
such as educational, health or behavior change tools, might help
users develop a greater sense of autonomy in their lives generally
and to more effectively realize their personally held values. In
sum, there are many opportunities within various spheres for
technologies to be autonomy-supportive and research shows
that making them so, will foster engagement, motivation and
wellbeing.

Competence

Competence, or feeling capable and effective, is the second
psychological need identified by SDT. There are certain factors
that have been shown to enhance a sense of competence
including optimal challenge, positive feedback and opportunities
for learning. These will be familiar to usability engineers as all
usability heuristics can be explained by the needs for competence
and autonomy. In the sphere of video games, for example,
Rigby and Ryan (2011) detail how the intuitive design of
controls, and the density and clarity of feedback all impact

engagement via increased competence. In fact, controversies
over the importance of difficulty and novelty in games (Lomas
et al, 2017) can be better understood as competence issues.
Both “difficulty” and “novelty” are only important to engagement
to the extent to which they provide competence satisfactions.
A game that is too easy stops providing them, as does one
that is too hard. Novelty (such as new level designs or
new rewards) is also engaging to the extent that it provides
new opportunities for competence satisfactions (new designs
and features promise new opportunities for learning and
mastery).

Mlustratively, Peng et al. (2012) in the exergame experiment
mentioned above, manipulated a competence-enhancement
condition based on dynamic difficulty. Specifically, the program
featured an automated system to create optimal challenges based
on player performance, whereas in the “off” condition challenge
levels remained relatively constant. Decreased game enjoyment
was mediated by a shift in competence satisfactions. This work
demonstrates how design features might be iterated with respect
to their impacts on need satisfactions toward improving the user
experience.

Relatedness

Relatedness is described as a sense of belonging and
connectedness to others and it is core to most, if not all,
theories of wellbeing (Baumeister and Leary, 1995). Research
has even linked positive relationships to greater longevity
more powerfully than diet and exercise (Kasser and Ryan,
1996). Yet not all social interactions help people feel a greater
sense of belonging or connectedness. Many app features and
communication devices can even frustrate relatedness with
subsequent impacts on engagement and wellbeing. Moreover,
such affects can occur as a result of apparently small details and
in ways that are surprising (e.g., Hudson et al., 2015 found that
emoticons influence Facebook jealousy).

Considering the explosion of new social media technologies,
support for relatedness arguably defines a category of digital
experience that shapes our generation. What SDT provides us
with are assessments of relatedness against which specific features
of devices (e.g., video chats, cooperative features, emoticons,
nudges, etc.) can be tested to ensure that they are meaningful,
satisfying, and lead to genuine relatedness, rather than the mere
semblance of connection, hurtful interactions or social isolation
(e.g., Sheldon et al., 2011).

Significant qualitative differences between different types
of technology-enabled social connection have already been
suggested by a number of studies, most notably, observational
studies on Facebook use. For example, (Burke et al, 2010)
found that directed communication between pairs (i.e., wall
posts, comments, and “likes”) is associated with greater feelings
of bonding social capital and lower loneliness, whereas,
users who engage in mere browsing of friends’ content (i.e.,
status updates, photos, and friends’ conversations with other
friends) report reduced social capital and increased loneliness.
Furthermore, they point to how these findings could inform
design decisions, specifically “enhancements for fostering

communication over passive engagement.” Furthermore
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Grieve and Watkinson (2016) showed that in Facebook, only
authentic self-representation was associated to wellbeing,
while lack of authenticity was related to stress and lower
wellbeing which suggests that a design promoting authentic
self-representation may have better wellbeing outcomes within
these technologies.

There has also been suggestion as to how design might
be directed to support constructs such as empathy and
compassion (Belman and Flanagan, 2009; Peters and Calvo,
2014). Principles posited in both of these works suggest that
the satisfaction of psychological needs mediate these constructs
as well. In these, as well as in the Facebook experiments,
if we were applying the model described herein, established
measures of relatedness would be used to determine the
impact of various designs and to help pre-empt inadvertent
harm.

In short, because our relationships are increasingly mediated
by technology, and because technology experience is increasingly
social, models and measures of relatedness stand to contribute to
both the literature on wellbeing and to the future of technology
design.

The Importance of Motivation Type

(Autonomous vs. Controlled)

An additional contribution of SDT to technology design is the
insight that the value of motivation (in terms of its ability to
contribute to wellbeing) depends strongly on how autonomous
(v. extrinsically-controlled) it is. In other words, someone can
be highly motivated in ways that are highly controlled and that
don’t foster wellbeing (e.g., by threat of punishment.) In contrast,
extrinsic motivation that is highly autonomous is highly effective
and does contribute to wellbeing (with outcomes similar to those
of intrinsic motivation (Ryan and Deci, 2000a, 2017).

Deci et al. (1999) in a meta-analysis of 128 studies,
confirmed that rewards contingent to engagement, completion,
and performance undermined intrinsic motivation. Positive
feedback instead enhanced free-choice behavior and interest.
A meta-analysis by Ng et al. (2012) within the healthcare
context, confirmed that autonomous motivation supports
more effective and lasting behavior change. Specifically, an
autonomy-supportive health care climate positively predicted
need satisfaction which, in turn (together with autonomous
motivation) predicted better health outcomes.

Figure 2 shows that intrinsic and extrinsic forms of
motivation can be placed on a continuum from controlled
to autonomous. Here we have redrawn Ryan and Deci’s original
model (Ryan and Deci, 2000a) adding a “User experience” row
in order to show how the model applies within the technology
context (see Figure 2). Controlled extrinsic motivation involves
a sense of pressure or obligation and often includes extrinsic
rewards or penalties (Ryan and Deci, 2000a), while highly
autonomous extrinsic motivation is close in quality to intrinsic
motivation with regard to its ability to foster wellbeing and
positive outcomes. In other words, even when something isn’t
fun (intrinsically motivating), we can be very meaningfully
motivated to engage with it when our motivation is highly
autonomous.

A plethora of new technologies promise to motivate people
to engage in healthy behaviors, but as SDT has shown, the
way behaviors are initiated and maintained (autonomously or
via controlling methods) will have a significant impact. More
recently, researchers have begun exploring how physical health
apps can also support psychological wellbeing. For example,
Karapanos et al. (2016) explored how commercial wearable
activity trackers mediate meaningful experiences in everyday life.
While most commercially available trackers employ competition
as the primary mode of social exchange and motivation, their
study showed that tracking involves much more nuanced socially
motivated experiences, including a sense of belonging, social
support, and bonding.

Having specified the various categories of motivations upon
which our discussion draws, we can now describe our model for
wellbeing-supportive design.

A MODEL FOR MOTIVATION,
ENGAGEMENT, AND THRIVING IN THE
USER EXPERIENCE (METUX)

A number of existing evidence-based models inform and set
a precedent for the need-satisfaction-based model we propose.
For example, the SDT model of health behavior change (Ryan
et al., 2008) shows how a combination of environmental and
individual determinants can support or hinder need satisfaction
within the health context. Furthermore, the model predicts how
need satisfaction will also have a positive impact on mental and
physical health outcomes.

Similarly, the SDT model of video game engagement is
focused on what has been called the PENS (Player Experience
of Need Satisfaction; Ryan et al., 2006). In this model both
game contents (e.g., narrative and story) and features (e.g., open
world, goal choices, dialogue boxes, etc.) all affect satisfactions
of autonomy, competence and relatedness during play, in turn
predicting enjoyment and sustained engagement. The PENS
framework is readily tested using assessments of need satisfaction
such as those employed by Ryan et al. (2006) which can be
broadly applied (Przybylski et al., 2010).

Drawing on the evidence and previous work in health, video
games and other domains including workplace, education, and
sport (see Ryan and Deci, 2017 for a review), our model (Figure 3
and Table 1) applies existing evidence to describe and predict the
impact of technologies on motivation, engagement and wellbeing
based on psychological needs satisfactions.

The table below lists six separable spheres of experience that
can be influenced by technology design. Figure 3 illustrates the
relationship between design for psychological need satisfaction
and engagement, motivation and wellbeing within each sphere of
experience. The first five spheres of experience identified by the
model refer to elements of the individual user experience upon
which a technology can have an impact.

Adoption is not pictured in the diagram because of its
peripheral role preceding actual use, and neither is the broadest
sphere, society owing to its position beyond the individual user
experience. Society is the one sphere that goes beyond the user
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More autonomy

Ryan and Deci, 2000a).

“l use it because |

AMOTIVATION
A
EXTERNAL
Absence of intentional Contingencies
regulation of reword ond
B No Motivation Controlled
C “ltdoesn’tinterest “I have to use “I should use it
me/isn’t relevant to it." because If | believe it’s it helps me because it's
me.” don’t I'll feel worthwhile.” achieve my goals fun!”
bad about and values.”
myself.”

FIGURE 2 | Taxonomy of Human Motivation; (A) Type of regulation, (B) Type of motivation, and (C) Examples translated to the user experience context (Adapted from

“l use it because “l enjoy using it

USER EXPERIENCE

Life
Behavior

Spheres
of Experience

Interface

Qutcomes

DESIGN

Motivation

Autonomy
Competence
Relatedness

Engagement

Wellbeing

Mediators

within different spheres of experience.

FIGURE 3 | METUX model diagram - The basic psychological needs of autonomy, competence and relatedness mediate positive user experience outcomes such as
engagement, motivation and thriving. As such, they constitute specific measurable parameters for which designers can design in order to foster these outcomes

to encompass non-user experiences, and collective and collateral
effects.

It is worth noting that the boundaries between these spheres
is merely conceptual and examples of overlap and interrelation
exist. The point is not to overemphasize boundaries but to
provide a way of organizing thinking and evaluation in a way
that can address contradictory parallel effects (i.e., a technology
can support psychological needs at one level while undermining
them at another). Each of these spheres is described in greater
detail below, while descriptions of evaluation measures follow
in the next section. We also provide three examples of how the
spheres can provide a valuable framework for the analysis of
diverse technologies (Table 2).

ADOPTION — Anticipated Need Satisfaction
at the Point of Adoption

The first level, adoption, begins when a person first becomes
aware of a new digital product and ends when he or she acquires
and uses it for the first time. The primary outcome of this phase is
uptake of the technology. SDT predicts that users will be likely to
adopt a new technology to the extent that they are autonomously
motivated to do so. Therefore, the primary question is: to what
extent is a user’s motivation to adopt a technology autonomous,
that is, willing and aligned with their values and goals (e.g., “I
really want to try that app because I think it will help me engage
with exercise more”), versus perceived as externally controlled
(“my boss is forcing me to download this app”)?
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TABLE 1 | METUX model in detail, including measures.

Sphere of experience Psychological needs (mediators) in

Evaluation measures Desirable outcomes

context
Adoption e To what extent is technology adoption o ACTAI e Adoption (i.e., purchase, download)
The decision-making autonomously motivated?
experience between * To what extent does a potential user
becoming aware of a new anticipate they will be competent at using it?
technology and acquiring it.
Interface e To what extent does direct interaction with o TENS-Interface! e Engagement (with technology)
The experience of the technology (i.e., via the user interface) o Usability
interacting with a support psychological need satisfaction? o User satisfaction
technology via its interface
during use.
Task ¢ To what extent does engagement in o TENS-Task! e Engagement (with task)

technology-specific tasks support
psychological need satisfaction? (e.g., step
tracking, text chatting)

The experience of engaging
in a technology-specific
task.

User satisfaction

Behavior To what extent does the technology improve
psychological need satisfaction with respect
to the behavior that the technology is
intended to support? (e.g., exercise,

managing a chronic disease, communicating

The experience of engaging
in a behavior (that a
technology is intended to

Assessments of psychological need
satisfaction in relation to behavior (e.g.,
PNSES' for exercise)

Assessments of behavior-specific
outcomes (e.g., BMI measure for

Engagement (with behavior)
Satisfaction (with behavior)
Behavior-specific outcomes (e.g.,
weight-loss, symptom control)
Experience of wellbeing during

support). with friends, speaking a second language.) exercise) behavior.
Life * To what extent does the technology influence . TENS—_‘_Lh‘ei ® Increased life satisfaction,
An individual’s overall the user’s experience of psychological need o BPNS!! wellbeing, thriving/flourishing.

experience of life including
all that is outside or beyond
the technology.

satisfaction in their life overall?

Other validated measures of flourishing

To what extent does the introduction of the
technology impact on societal wellbeing?

Society

The experiences of all
members of a society
beyond the users of a
technology.

Increased measures of societal
wellbeing.

Population measures such as the Fsiv

IACTA, TENS-Interface, TENS-Task and TENS-Life are introduced in section 4. "PNSES, Psychological Need Satisfaction in E