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1 INTRODUCTION

Over the past decade, the human-computer interaction (HCI) literature has seen a growing in-
terest in technology-enabled interventions to support emotion regulation [3-5, 23, 61, 88]. This
rapid growth is fuelled by several factors, including an increased interest in the possibilities of
technology-support in the context of mental health [41, 62, 80, 98], the proliferation of low-cost
wearable sensors enabling potentially widely deployable bio-feedback systems (e.g., [4, 75]), and
the associated focus on combining affective computing and personal informatics agendas (e.g.,
emotion awareness systems [7, 42])—see also [29, 80] for two recent reviews. An even more dra-
matic explosion of interest in emotion regulation is happening outside of HCI. Research concerning
emotion regulation is one of the fastest growing areas in psychology [39], and emotion regulation
is now widely understood to be a key protective factor supporting personal well-being [1, 19].
Indeed, in recent years, emotion regulation has begun to be seen as a likely trans-diagnostic inter-
vention across a range of mental health disorders [17, 68, 79, 83, 84].

Much of the existing HCI work has focused on exploring the potential design space and establish-
ing the promise of digital emotion regulation support across a range of contexts and populations.
So far, however, the potential to combine the innovative HCI intervention approaches and state-
of-the-art psychological interventions has not yet been fully realised (cf., also [11]). We see this
as a part of a natural progression common to many emerging HCI fields (e.g., behavioural change
systems [40], affective computing [13], or personal informatics [29]) whereby the HCI research
community progressively moves from technology-led explorations and interaction-focused stud-
ies of proof of concepts, towards the development of robust systems and evaluation of interven-
tions measuring large-scale, real-world impacts. This more mature stage of HCI research requires
establishing supports for an interdisciplinary community in order for such systems to be designed,
evaluated, and deployed with efficacy. Our aim in writing this article is to put forward one of these
supports.

In this article, we aim to take stock of the HCI work on emotion regulation so far, synthesise
and make accessible the breadth of existing work on emotion regulation in psychology, as well
as suggest promising directions for future research on technology-enabled emotion regulation
interventions that the HCI community can engage in as the field matures.

While we focus specifically on technology-enabled emotion regulation intervention systems only,
this review and agenda-setting work should be seen within the context of other discussions in the
field: these include, for example, a recent review of affective health and HCI [80], an analysis of
how digital technologies that are not specifically designed as interventions are used for emotion
regulation [101], as well as broader analyses of HCI in the context of well-being [12], behaviour
change [29], socio-emotional learning [86], and complements a series of recent workshops on
emotions and HCI at UbiComp [94] and at CHI [100]. Finally, as emotion regulation plays a crucial
role in a range of mental health as well as neurocognitive differences (such as sensory processing
and attention deficit hyperactivity disorder (ADHD), see, e.g., [58, 93]), many HCI technologies
aiming to augment users’ experience in these settings can be seen also as emotion regulation
interventions (cf., [16, 92]); and, vice versa, research on emotion regulation intervention could be
viewed as development of assistive technologies (see [55] for the review of accessibility work in
HCI to date).

In the rest of the article, we encapsulate the synthesis of current—and potential future—HCI
work on emotion regulation interventions in a three-part framework (see Figure 1), aiming to
help technology designers separate out decisions on three inter-related aspects of intervention
development:

(1) Theory-informed decisions about intervention targets from psychology: i.e., ‘what’ are the
emotion regulation intervention goals the designed system could aim to impact.
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Fig. 1. Overview of the three-part framework, including key questions and the role components can play in
the intervention design process.

(2) Key strategic decisions about the intervention delivery mechanisms that should be included in
their system: i.e., ‘how’ and ‘when/where’ can interaction design play a role in the interven-
tion process. Specifically, we highlight the differences in designing for different approaches
to how emotion regulation skills can be developed (experiential vs. didactic); and when/where
such support is offered (on-the-spot vs offline).

(3) Practical decisions around the commonly used design components that represent specific
implementations of selected intervention delivery mechanisms (experiential, didactic, offline,
on-the-spot), e.g., drawing on or extending the current best design practice as identified across
HCI work so far.

Each aspect of the framework brings a different contribution to the HCI literature: The the-
ory aspect aims to reframe and bring together important theories needed to underpin the design
of technology-enabled interventions from across psychology, in ways that are easily accessible
to HCI researchers. The strategic aspect introduces four complementary delivery mechanism ap-
proaches, grounded in psychology. This aims to orient designers to consider decisions around the
role that technology should play in the intervention system—i.e., how, when, and where technol-
ogy components could affect users, rather than immediately focusing on the specific technologies
that can be used to deliver psychological impact. Finally, the practical aspect provides a snapshot of
the currently common intervention design components which synthesises how support for each
delivery mechanism is implemented in existing work (both technologically and methodologically),
and thus also allows us to identify gaps and potential new research areas in this exciting space.

EXECUTIVE SUMMARY

Given the length of this article—resulting from synthesis across a range of domains and an in-
depth review of existing HCI work—we start with an ‘executive summary’ of our full argument,
while referring to the respective sections for details. Our aim is that the interested reader can pick
and choose where more detail is needed (and read the corresponding section) and where a simple
overview is sufficient (and thus rely on the executive summary only for that part of the argument).



In particular,

— Section 2 provides an overview of the psychological models underpinning the theoretical
part of the framework.

— Section 3 builds on these models as well as the learning sciences literature to derive the strat-
egy part of the framework, i.e., the ‘hows’ (experiential vs didactic) and the ‘whens/wheres’
(on-the-spot vs. offline) of possible delivery mechanisms.

— Section 4 then outlines a scoping review of existing HCI work on emotion regulation to
date, to ground the practical component of the framework. We identify and categorise all
the interaction designs used for each individual delivery mechanism and then analyse how
these individual design components are commonly combined into ‘interventions’ in existing
HCI work.

— Section 5 finally highlights the gaps we identify through the scoping review and showcases
how an HCI researcher could pick different aspects of the three components of the frame-
work (theoretical, strategic, practical) to guide their research at different levels, whether that
is support for a specific intervention design, an individual research programme, or broader

field building.

Theory Part Summary (Section 2)

Psychology literature provides a useful set of theory-driven intervention targets: i.e., well defined
conceptual processes that technology-enabled interventions could aim to affect. We highlight
Gross’ Process Model of Emotion Regulation [38], which allows designers to think systematically
about how emotions are generated from ‘person-situation’ interactions, the approaches users might
take to impact their emotions, and provides a set of clear intervention points to target.

In particular, the Process Model differentiates the intertwined processes of emotion generation
and emotion regulation. Emotion generation is a result of: people encountering, consciously or
subconsciously attending to, evaluating, and responding to internal (e.g., a memory/thought) or
external (e.g., workplace disagreement) situations. In contrast, emotion regulation occurs when
people evaluate their current emotional state relative to their goals and decide to modify them (or
not). Specifically:

— The process of emotion regulation is seen as proceeding in four stages: identification (of
the need to regulate one’s emotion), strategy selection (from the five families below), imple-
mentation (of a particular instance of a strategy within the current context), and monitoring
(whether to continue, stop, or change ER strategy).

— The five families of specific ER strategies then synthesise the common approaches that peo-
ple can draw on to up-/down- regulate an emotion at a given moment, each corresponding
to an appropriate step in the emotion generation model (situation selection, situation modifi-
cation, attentional deployment, cognitive change, response modulation).

Individual technology-enabled intervention components can thus focus on either providing sup-
port for any specific strategy (e.g., cognitive change) and/or the overarching emotion regulation
stages (e.g., supporting emotional awareness to enhance the identification/monitoring stage). We
note, however, that the evidence from existing clinical programmes suggests interventions are
most likely to be effective if they support a range of emotion-regulatory processes (rather than a sin-
gle set of isolated interactions or strategies), suggesting the need to combine multiple (technology-
enabled) intervention components into a broader intervention package if real-world impact on
users’ ER capabilities is a key concern.

Another important implication from the psychological literature is that learning to regulate
emotions is best thought of as supporting the development of an embodied skill (rather than, say, an
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‘information delivery’ problem). From the interaction design perspective this means that the ability
of the system to either help elicit target emotions through an interactive experience, or to support
users during everyday emotional situations is often crucial to help users develop their emotion
regulation capabilities fully, and to successfully transfer the new knowledge to everyday settings.

Strategic Part Summary (Section 3)

It is unlikely that—as HCI researchers—we would aim at contributing to the fundamental under-
standing of intervention targets or psychology of emotion. Instead, our main contribution will
likely lie in envisioning new ways in which these theory-driven intervention targets can be scaf-
folded through innovative intervention delivery mechanisms.

The strategic component of the proposed framework thus aims at helping guide designers in
deciding how, when, and where the intervention support could be most effectively offered through
technology. In particular, we base the strategy components on learning sciences literature to en-
courage HCI designers to think about delivery mechanisms in the context of their role in the
intervention process (i.e., when, where, and how the design scaffolds participants’ learning), rather
than defining the intervention approaches in the context of specific technologies or interface-level
characteristics:

— The hows part of the framework distinguishes the type of skills acquisition approach an in-
tervention component supports: it highlights the difference between didactic learning (such
as the information delivery based approach commonly used in school and delivered e.g.,
through reminders) and experiential learning (such as the trial & feedback approach com-
monly used in mindfulness and delivered, for example, through biofeedback).

— The whens/wheres part of the framework then helps the designers think about timing and con-
texts in which intervention support is provided through technology: distinguishing between
‘offline’ training (such as intervention support in a therapist office or an online module); and
‘on-the-spot’ learning (i.e., intervention support provided during everyday emotional situa-
tions in-situ).

We note that any resulting intervention could be composed of multiple complementary deliv-
ery mechanism components: for example, a game-based bio-feedback intervention (such as [51])
can be seen as utilising an ‘offline’ delivery mechanism through the game (which is used to gen-
erate emotions outside of everyday situations), and an ‘experiential’ mechanism (by involving the
biofeedback loop), as well as perhaps a ‘didactic’ component (if, for example, the participants first
engage in psychoeducation before the game starts).

As argued in more depth in Section 5, we propose that this conceptual structure can enable a
modular thinking about intervention design (including a ‘dictionary’ of common design compo-
nents outlined in the next section) which provides a framework for the community to develop
an empirically grounded understanding of ‘what works’ for each type of delivery mechanism and
promotes cross-project inspiration across HCI and psychology research teams.

Practical Part Summary (Section 4)

The role of the practical part is to provide the designers with a synthesis of the existing work on
emotion regulation technologies in HCI to date to guide practical decisions on possible implemen-
tations of selected delivery mechanisms, as well as to help identify areas in which current solutions
need improvement or are missing. In other words, the practical component comprises:

(1) A synthesis of the commonly used intervention design components used to support each type
of delivery mechanism within existing HCI work (i.e., a ‘dictionary’ of techniques used so
far for experiential, didactic, offline, on-the-spot support).
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(2) An overview of how these design components are currently combined into interventions (i.e.,
which combinations of delivery mechanisms and their implementations already have been
explored in the literature).

(3) An overview of the range of the ER targets within the current work (i.e., which of the four
ER stages / five families of ER strategies have been supported so far).

In contrast to the theory and strategic parts of the framework, the practical part will always be
just a ‘snapshot’ in time and will require ongoing updates to incorporate newly published work.
The descriptions that follow are based on a scoping review including articles published in HCI
literature between January 1 2009 and December 8 2021 (cf., [67]), as primarily indexed across
ACM digital library and IEEE, and complemented with an additional Google Scholar search.
NOTE - The authors (i) will update the review for camera ready version; as well as (ii) maintain an up-to-date
database of articles for at least 5 years after the publication on OSF (as part of Slovak’s FLF fellowship).

Design Components. Overall, the analysis shows that the existing work in HCI is, so far, rela-
tively coherent with only a small number of interaction design approaches supporting either the
type of skill acquisition approach (didactic vs experiential; i.e., hows’) or the intervention delivery
(on-the-spot vs offline, i.e., ‘whens/wheres’).

— For the ‘hows’, experiential design components focus predominantly on bio-feedback or im-
plicit target feedback (i.e., nudging the users (sub-)consciously toward particular physiolog-
ical states through haptic interaction). In contrast, didactic intervention components draw
on reminder-recommender systems (i.e., suggesting specific ER strategies to users), facilitate
emotion awareness (e.g., prompting users to think about how they feel and/or felt), and rely
on traditional cognitive models restructuring (often based on established psychoeducation
approaches from existing therapies with limited additional technology support).

— For the ‘whens/wheres’, the offline design components aim to use interactivity to create a
bespoke emotion regulation loop (e.g., using a video game to elicit feelings of stress while, at
the same time, providing other support such as a biofeedback loop to down-regulate those
feelings); to facilitate relaxation training support (similar to above but without the emotion
generation component); and to scaffold users’ reflection by visualising patterns of emotions
over time (e.g., by showing a timeline of physical locations and emotions felt at each). The
on-the-spot components then draw on a range of intervention triggers (to start and/or support
users’ in-the-moment emotion regulation process), and can offer either single-point (e.g.,
reminder) or ongoing support (e.g., haptic feedback throughout a stressful experience).

How are These Combined into Interventions? When looking at how these intervention design
components are combined into final systems the existing work clearly clusters into three main
research areas, as outlined below.

— implicit on-the-spot support (e.g., providing a target breathing rate through haptic input; ex-
periential + on-the-spot);

— bio-feedback games (e.g,. embedding a biofeedback component into stressful gaming as a
visual overlay; experiential + offline); and

— reminder-recommenders & awareness systems (e.g., push notifications suggesting ER strate-
gies; didactic + on-the-spot).

Interestingly, these approaches are mostly independent from each other as they draw on dif-
ferent background literature, intervention goals, and technological components. This clustering
also neatly follows the associated combination of used delivery mechanism approaches as well as
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consistent combinations of components within each cluster (i.e., design components used in one
cluster, e.g., implicit feedback or recommenders, are rarely utilised in other clusters).

Overall, these observations suggest that the work so far has been fragmented along technology-
specific sub-domains (e.g., biofeedback, reminders) rather than the focus on ER intervention as-
pects. This suggests an under-utilised opportunity to combine and build on existing knowledge.
Additionally—as is traditional in HCI—the contribution of many of the articles to date is aimed at
early stage exploration of innovative design spaces, rather than large scale deployments or experi-
mental/randomised controlled trials that would be required to test the effects of designed systems
on changes in emotion regulation skills (cf., [80]). As such, while we are starting to develop an
understanding of which interaction design mechanisms are engaging for the users, the field still
lacks substantive data on long-term efficacy of the individual techniques and their impact on users’
everyday emotion regulation/well-being.

Common ER Targets. There is a similar lack of diversity of focus when looking at the ER inter-
vention targets (i.e., the ‘whats’): the majority of work across implicit on-the-spot support and
bio-feedback games areas targets the response modulation family of strategies. Any additional ER
strategies are introduced through simple psychoeducation components (e.g., based on traditional
CBT), mostly without added technology support. The reminder-recommender and awareness sys-
tems mostly do not teach or support specific emotion regulation strategies, but instead focus on
supporting identification and/or situation selection as a specific strategy, or simply point to a range
of possible ER strategies without further scaffolding.

Importantly, the majority of articles across our whole sample (31/36) assume that the developed
systems have to provide an on-going support for the intervention to be effective; and thus that
the effects would disappear if the system (such as a wearable feedback system) were removed. In
other words, most of the existing HCI systems approach emotion regulation as something that
requires on-going technological scaffolding, rather than a skill that the user could develop (with a
temporary technology-enabled intervention).

Research Agenda and Envisioned Framework Use (Section 5)

The proposed framework is our way of communicating both the understanding of what has been
done so far (cf., Section 4) and a way of helping shape future research at the intersection of the HCI
and psychology fields (Section 5). We show how the three parts of the intervention development
framework (theory, strategic, practical) can be applied—separately or together—as design lenses to
identify gaps in existing work, inform new projects, and support ongoing synthesis of work across
the range of disciplines and possible research threads. Section 5 describes three such applications:

ER Targets Gaps. First, we focus on the gaps in technological support for possible ER targets and
psychological impact of our systems (theory & practical). We identify three key themes: the lack
of transfer support (i.e., only a few systems so far designed to empower users to develop emotion
regulation competence); uneven support for ER strategies (i.e., predominant focus on supporting
response modulation, while strategies in support of other ER strategies remain under-researched);
and lack of efficacy data (i.e., we have only very limited understanding of the actual psychological
impact of the HCI systems designed so far).

Intervention Mechanism Gaps. Second, we foreground the gaps in our knowledge of effective
support for each intervention delivery mechanism (strategy and practical). For each of the four de-
livery mechanisms (didactic, experiential, on-the-spot, offline) we suggest 2-3 research questions
that have yet to be addressed in current work but are—in our minds—crucial for fully developing
the potential of technology-enabled intervention support (see Sections 5.2.1-5.2.4). For example,
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the experiential mechanism questions point to the lack of research on supporting performative as-
pects of well-known adaptive ER strategies (e.g., cognitive change, attentional deployment), and the
limited research on how technology could directly scaffold and/or guide users through the emotion
regulation experience in-situ.

Connecting Interdisciplinary Communities. Finally, we argue that—within such an inherently
interdisciplinary space—it is important to support practitioners at varying scales of granularity,
recognising the importance of research engagement at all levels of interest, resources, and research
goals (e.g., from in-lab technology innovation that aims to showcase a proof-of-concept for a new
interaction mechanism; to real-world large scale intervention deployments that aim to understand
robust intervention efficacy across user contexts). We provide one possible outline of structuring
such progression from early HCI innovation work to psychological application, and point to ex-
amples from other domains in which similar approaches have been successfully employed.

2 THEORY COMPONENT—EMOTION REGULATION MODELS (THE ‘WHATS’)

Emotion regulation is broadly defined as ‘the set of strategies that individuals may use to increase,
maintain or decrease their affective experience, including the feelings, behaviours or physiological
responses that make up a given emotion [37]". The purpose of this section is not to provide a full
review of all that is known about emotion regulation, as that is simply infeasible given the incred-
ible growth of the literature of the last two decades; see [19, 28, 50, 82, 85, 90] for recent reviews.
Instead, we aim to synthesise key aspects of the most widely cited! emotion regulation model—
Gross’ Process Model of Emotion regulation [36]—especially insofar as these can be generative
for the design of emotion regulation technologies and help prepare ground for the psychology-
informed mapping of existing HCI systems in the next section.

The choice of the Process Model has been motivated both by how widely it is used in the liter-
ature to date (cf., recent overview in Annual Review of Psychology [82]); as well as its focus on
the underlying mechanisms of emotion generation and emotion regulation, which provide a useful
conceptual framework for the design considerations.

2.1 Psychological Model of Emotion Regulation

There is a broad agreement that emotions:

(1) involve person—situation transactions that compel attention;

(2) have meaning to an individual in light of currently active goals, and

(3) give rise to coordinated yet flexible ‘full body’ responses (i.e., involving cognitive, behavioural,
and physiological components) that may modify the ongoing person-situation transaction
in crucial ways.

Gross’s model distinguishes between emotion generation and emotion regulation [101]. During
emotion generation people encounter, attend to, appraise and respond to situations. Figure 2
shows how these features can be synthesised into a useful, if simplified model of emotion generation
(cf., [38]): The respective situation must be consciously or unconsciously attended to (attention)
and then evaluated in light of an individual’s active goals (appraisal), which then gives rise to
the associated changes in subjective, behavioural, and physiological response that we perceive as
emotion (response). In contrast, emotion regulation occurs when people evaluate their current
emotional state relative to their goals, and decide to modify them (or not). If they choose to modify

IThe research on this model was reviewed in major psychology journals—for example, Psychological Inquiry [38] and
Annual Reviews of Psychology [82]—and these two review articles alone have received more than 3,500 citations by the
end of 2021.
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of ER strategies (adapted from [59], with permission).

their state they select a particular strategy to use, implement it with context-specific tactics, and
then monitor the process and outcomes, possibly repeating one or more of these steps [38].

This model is useful because it describes five families of ER strategies that people can use to
regulate emotion based on when in the cycle they intervene in the emotion generation process
(see Section 2.2). Within each family, strategies can be adaptive or mal-adaptive within the specific
context, depending on a number of factors including effects of short and long term use (e.g., binge
watching a YouTube series might be adaptive initially after a negative life event, but if continued
would have longer term negative impacts, such as social isolation, reduced work productivity, and
less time to develop other adaptive strategies). We note that while the ‘psychologically relevant
situations’ mentioned in the model can often be specified by referring to features of the external
environment (e.g., seeing a tree in the middle of the slope at the last moment while skiing; or
watching a well-made horror movie), it is also possible for psychologically relevant ‘situations’ to
be internal (e.g., the sneaking suspicion that I'll never amount to anything).

Before moving on to outline the emotion regulation processes in more detail, it is important to
highlight a key characteristic which is embedded in the definition above: arising from the ‘person-
situation interchange’, emotions are transient, and thus are often difficult to elicit without rein-
stating the corresponding situation in full. For example, remembering your last skiing line or a
roller-coaster ride is very different to actually doing it; which is one of the reasons why skiing
resorts and adventure parks are still in business.

As we will discuss in more detail later (Section 3.1), this experiential and situation-dependent
nature of emotion has crucial implications for emotion regulation interventions: learning to regu-
late one’s emotions requires having access to the emotions that are to be regulated (in the same way
as learning to ski requires being on the slopes). As emotions are hard to ‘re-live’, the need to either
elicit appropriate emotions during ER training or support in-situ application of ER strategies is
one of the key difficulties intervention programs face. It also signposts the intertwined issues of
emotion generation and emotion regulation, which we turn to in the next section.

2.2 What are the Basic Emotion Regulation Processes?

Emotion regulation occurs when there is an activation of a goal that recruits one or more processes
to influence emotion generation (cf., [38, 82]). In what follows, we will focus on situations in which
the target of the regulatory goal is the person who experiences the emotions (i.e., intrinsic emotion
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regulation), rather than aiming to induce change in someone else (i.e., extrinsic emotion regulation,
such as when parents scaffold a child’s emotional experiences). We note that such regulation can oc-
cur for a variety of reasons: people might choose to up-regulate positive states, down-regulate neg-
ative emotions, or generally regulate their emotions for instrumental reasons (e.g., up-regulating
anger during a conflict situation). Finally, an important distinction is between ER processes that
are effortful and consciously enacted (i.e., explicit ER) and ER processes that are automatic and
occur outside of people’s awareness (i.e., implicit ER). The key components of the process model
of emotion regulation model have been described in detail in many other articles — we refer the
reader to, e.g., [39] for a full description to complement the deliberately succinct overview below
and the illustration in Figure 2.

2.2.1 Overarching Emotion Regulation Process. In summary, emotion regulation is seen as a
dynamic, ongoing valuation process comprised four main stages, which feed into each other - see
the outer layer in Figure 2:

— First is the identification stage, which is involved in making the very general decision of
whether to start regulating or not.

— A decision to change an emotion state leads to the selection stage, which decides which of
currently available general 5 families of emotion regulation strategies is to be used: situa-
tion selection, situation modification, attentional deployment, cognitive change, response
modulation (see the middle layer in Figure 2; and the next subsection for details).

— Once a particular family of strategies has been selected, the implementation stage involves
deciding which specific regulatory tactic (e.g., distraction within attentional deployment) to
activate.

— The identification, selection, and implementation are complemented by the monitoring sys-
tem, which decides whether to continue, to stop regulating (as the goal has been achieved),
or to switch regulation type following initial implementation (e.g., if the distraction tactic is
not working and another strategy needs to be tried out).

For example, difficulties in identification would relate to lack of emo tional awareness and/or
interoceptive awareness of bodily changes related to respective emotion, resulting in the person
either over-regulating even subtle signs of emotional states (such as during an anxiety attack),
or not being aware of the need to emotion regulate (such as not being aware that one is lashing
out at others). Issues in selection might include limited repertoire of available emotion strategies,
whether this is due to habitual selection of maladaptive approaches (such as suppression) or to
the lack of knowledge of alternative strategies (e.g., unaware of cognitive reappraisal). Difficul-
ties in implementation can comprise lack of ability to execute a selected tactic successfully (e.g.,
attempting cognitive reappraisal might fail if no useful alternative description of the situation is
found), or just being overwhelmed by the emotion and aborting the selected technique (e.g., inabil-
ity to distract oneself from a hurtful memory). Finally, failure in the monitoring system can involve
switching tactics too early (which might have worked if continued), or not stopping maladaptive
regulatory tactics early enough (such as engaging in rumination).

2.2.2  Emotion Regulation Strategies and Tactics. The five families of emotion regulatory strate-
gies that could be implemented are situation selection, situation modification, attentional deploy-
ment, cognitive change, response modulation—see the middle row of labels in Figure 2. Note that
these clearly correspond and are differentiated by the stage in the emotion generation process
(situation, attention, appraisal, response) that is being targeted by those strategies. Each family
then comprises a range of possible strategies that can be utilised as situation-specific tactics to ad-
dress the situation that a person faces at a particular stage in emotion generation. Following [39]
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and [82], we now briefly describe each of the families of strategies using the definitions and ex-
amples from prior work for clarity, as well as positioning some of the best established emotion
regulation strategies within each of the families (cf., [1]).

— Situation selection includes efforts to change the full emotional experience at the earliest
stage, such as not choosing to engage situations that might induce unwanted emotions. Ex-
amples include avoiding a mean co-worker, or arranging to see an uplifting movie, or choos-
ing to scroll on one’s phone rather than engaging with others at a party. One commonly
used strategy for situation selection is avoidance where the person is choosing a short-term
relief through avoiding potentially emotionally risky activities (such as never disagreeing
with colleagues due to fear of dealing with conflicts). If used excessively, however, avoid-
ance is seen as an example of a mal-adaptive emotion regulation strategy, with long-term
costs outweighing the short-term benefits.

— Situation modification refers to attempting to change external features of a situation, with
the goal of changing its emotional impact. Examples include filing away a rejection letter
rather than keeping it fully in view, or shortening the time spent with a colleague who makes
you uncomfortable, or blocking a toxic contact on Twitter. A common situation modification
strategy often present across a range of interventions is problem solving, which is seen as a
conscious effort to change a stressful situation or contain its consequences.

— Attentional deployment moves from trying to modify external features of the situation to
modifying early information processing that relies on attention. One common strategy is
distraction, which redirects attention within a given situation (such as focusing on a neutral
rather than emotion-eliciting aspect of a movie scene), or shifting internal focus away from
the present altogether (e.g., thinking about your afternoon plans rather than engaging in a
frustrating meeting). In both such cases, shifting own attention away from emotionally gen-
erative aspects of the situation leads to impacts that act very early in the emotion generative
process, before the emotional states can gain full strength.

— In contrast, cognitive change refers to modifying one’s own appraisal of the situation in order
to alter its emotional impact, i.e., the meaning that we ascribe to the impact of the situation
on our goals. Sometimes, cognitive change is applied to an external situation (e.g., “It is okay
to fail this interview, I will learn a lot about the industry regardless”). At other times, the
cognitive change targets an internal situation (e.g., ‘My racing heart is not a sign of panic,
but rather the excitement before an important presentation’’). A particularly well researched
strategy is reappraisal, which targets either the meaning of a potentially emotion-eliciting
situation (e.g., “Although my friend is taking a long time to respond to a text message, it must
be because she is busy and not because she is ignoring me.”), or the self-relevance of a poten-
tially emotion-eliciting situation (“This event doesn’t directly involve me or anyone I love.”).
Another well-known strategy is non-judgemental acceptance of emotional states, which is
based on a present-centred awareness in which thoughts, feelings, and sensations are ac-
cepted as they are. Acceptance is often hypothesised as a core component of mindfulness
interventions (see, for example, [32]).

— Finally, response modulation refers to directly influencing experiential, behavioural, or phys-
iological components of the emotional response after the emotion is well developed. Ex-
amples include using alcohol, cigarettes or drugs to alter emotional state, or relying on
deep breathing and exercise to change one’s physiological responses. A particularly well-
researched strategy in this category is suppression which refers to ongoing efforts to inhibit
one’s emotions and emotion-expressive behaviour and which has been long seen as a mal-
adaptive response to stressors (cf., [1, 82]).
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There is substantial research on the specific strategies behind each of these categories (cf., [39]).
For example, much is known about the differential usage of strategies in different contexts: reap-
praisal (as part of cognitive change category) is highly constructive during low intensity and long-
term ER; whereas attentional deployment is often more effective for highly emotionally charged
situations [33]. Similarly, substantial research has focused on the longer term impact of adaptive
and maladaptive strategies (cf., [1] for a review), such as the associations between habitual sup-
pression and avoidance use and elevated psychopathology.

2.3 Articulating the Theory Framework Component - The ‘Whats’

The psychological model outlined in Section 2 provides an excellent structure for thinking system-
atically about the intertwined processes of emotion generation and emotion regulation, the range
of cognitive processes involved in emotion regulation attempts, and the specific strategies that
could be supported by technology. Specifically:

— Emotion generation is a result of: people encountering a specific situation, consciously or sub-
consciously attending to it (or not), appraising its assumed impact (i.e., evaluating in contrast
to own goals), and responding to it by potential change in perceived emotion. The processes
of emotion generation are the key substrate on which emotion regulation processes operate,
by affecting the subsequent emotion generation cycles: situation — attention — appraisal —
response.

— The process of emotion regulation is seen as proceeding in four stages: identification (of
need to emotion regulate), strategy selection (from the five families described above), imple-
mentation (of a particular instance of a strategy within the current context), and monitoring
(whether to continue, stop, or change ER strategy). In other words, the distinction between
identification, selection, implementation and monitoring stages describes how the emotion
regulation process is started, executed, and eventually ceased.

— Finally, the five families of emotion regulation strategies (situation selection, situation mod-
ification, attentional deployment, cognitive change, response modulation) then synthesise
the common approaches that people can implement to up-/down- regulate an emotion
at a given moment, each corresponding to an appropriate step in the emotion generation
model.

3 STRATEGY COMPONENTS: HOWS, WHENS, AND WHERES OF EMOTION
REGULATION SUPPORT

The process model provides a framework to think systematically about the approaches one might
take to change a person’s emotions and a set of clear intervention targets and strategies. This
section builds on this theoretical framework to outline how emotion regulation—as an embodied
skill—can be trained. For example, what are the intervention approaches that can help a person
alter their predominant strategies (especially if these are already highly habitualised)? How can
such process be supported externally, i.e., what are the approaches to help people change their
emotion regulation practice and how can these be manualised (developed into replicable training
practices) enough to turn into generally applicable interventions?

In what follows, we combine an overview of learning sciences theory with examples of exist-
ing non-technological ER interventions from clinical psychology to articulate the strategy part of
the framework: unpacking the approaches to ‘how’ emotion regulation can be developed (i.e., ex-
periential vs didactic); and when and where learning support can be offered in emotion regulation
interventions (i.e., offline vs. on-the-spot). The overall aim of this framework component is then
to help guide designers in thinking about the use of technology in the context of its role in the
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skills development process: i.e., when, where, and how the design scaffolds participants’ learning—or
application of—emotion regulation skills.

3.1 Emotion Regulation as a ‘Skill Development’

It is probably intuitively clear that learning to explicitly regulate emotions requires an understand-
ing of what strategies can be used (‘knowledge’) as well as how to enact those strategies as tactics
in a specific context (‘performance’). That is, emotion regulation is not only a matter of having the
sufficient information: telling someone to ‘calm down and breathe’ during an angry outburst is of-
ten no more useful then telling a child to ‘just keep their balance’ whilst sending them down a hill
on a first-ever bike ride. In other words, knowing what one should or could do is not enough; one
has to be able to execute the selected actions successfully. In the terminology of learning sciences,
emotion regulation is a skill: “an ability that allows a goal to be achieved within some domain with
an increasing likelihood as a result of practice” [78].

Two approaches to skills development. While many of the learning processes apply to all kinds
of skills, traditional models of learning distinguish between two broad categories: intellectual and
performative skills. By an ‘intellectual skill’ the literature understands a skill whose goal is predom-
inantly symbolic (such as playing chess or solving a mathematics problem). In contrast, a ‘perfor-
mative skill’ is a skill whose goal is nonsymbolic (such as playing a musical instrument, cycling, or
playing tennis). One of the key differences between intellectual and performative skills is in how
the necessary knowledge—and thus also the instructions used to teach others—can be encoded in
words and well-defined procedures: Cognitive 'didactive’ approaches, including explanation and
worked examples, are often used for developing symbolic skills (e.g., learning the multiplication
procedure in math; cf,, [2]). In contrast, developing nonsymbolic skills often draws heavily on
more experiential approaches (e.g., the repeated attempts at forehand shots in tennis, cf., [105]).

Where does ER fit? Positioning emotion regulation along the symbolic-nonsymbolic dimension
is an interesting problem. On one hand, the goal of emotion regulation is clearly nonsymbolic,
insofar as it is aimed at altering a bodily response to a particular person-situation context; it is
performative. On the other hand, a substantial part of how such nonsymbolic goal is achieved
relies on cognitive processes—including versions of cognitive change (e.g., re-appraisal), explicit
attentional deployment, or acceptance—which are often symbolic (using words to re-frame our
perception of the situation, for example), and thus it also requires intellectual skills development.
This then has a substantial impact on the process of skill acquisition, and thus also on how we as
designers should think about providing technology-enabled support as part of emotion regulation
interventions.

How is ER trained in existing interventions? In the next section, we showcase two ways of ad-
dressing this dual nature of emotion regulation, drawing on established intervention programs in
clinical psychology for examples of the learning acquisition approaches. This includes interven-
tions that place a stronger focus on the didactic learning traditionally applied for symbolic skills
(Section 3.3); and those that rely on a more direct experiential involvement and feedback, tradition-
ally applied to nonsymbolic skills (Section 3.2). We note that an analogous tension between relying
on didactic vs experiential approaches is also mirrored in most of the technological systems we
will review in Section 4.

3.2 Exemplar ER Interventions — Didactic to Experiential

We selected the two exemplars—Emotion Regulation Therapy (ERT) [60] and Unified Protocol
for Transdiagnostic Treatment of Emotional Disorders (UP) [27, 79]—as two cutting-edge,



14

evidence-based interventions that draw on traditional therapy approaches (such as CBT) while
positioning emotion regulation techniques at the core of the programme.?

What is taught? ERT and UP are multi-week programs, with a wide range of interdependent
skills taught. For example, ERT includes lessons on emotion awareness, self-monitoring and cue
awareness, mindful attention, emotional acceptance (reducing rumination/avoidance), cognitive
distancing, a range of reappraisal techniques (realistic, positive, compassionate), as well as includ-
ing exposure therapy where available (i.e., where the fear stimulus is available within therapy
sessions and difficult to avoid, such as specific phobias)—see [60] for details. Each of these tech-
niques has a number of associated exercises, often relying on metaphors and psychoeducation.
In the context of Gross’ model, the techniques taught span all five families of emotion regulatory
strategies (situation selection, situation modification, attentional deployment, cognitive change, re-
sponse modulation), as well as all the regulatory stages (identification, selection, implementation,
and monitoring).

How are these skills taught? These interventions predominantly draw on the didactic, symbolic
skills development approach, which is then complemented with experiential practice where pos-
sible: starting from cognitive psychoeducation—ideally leading to a novel insight for the learner—
that is followed up by structured practice within the therapeutic session (e.g., on recalled memories)
and then expected to generalise through (often unscaffolded) practice in daily life. For example, the
general structure of any treatment session within the UP protocol (cf., [57, p. xxiv] showcases the
common progression and skills development paradigm: The session starts by reviewing homework
assignments the clients received last time; or doing them in the session by ‘generating evocative
events and interactions from the week’ if the patient has not filled the homework out previously.
The therapist then introduces a new skill through psychoeducation (describing how the skills work,
potentially including carefully crafted metaphors). They then practice the new skills in session (on
a neutral hypothetical example); continue the practice by applying it to patient’s own emotional
expression.® Finally, the therapist assigns home learning assignments, with the aim to ‘allow the
clients to apply concepts to real-life experiences outside of the therapy context, which helps gen-
eralise skills’ The expectation is that the client will be able to use and apply skills learned in therapy
to their life through progressive practice.

Existing design challenges. Enabling the transfer of skill from in-session practice to everyday
use is seen as one of the key challenges in existing models, and it is understood that different
mechanisms and approaches are necessary to support the learners in these two settings. For
example, ERT explicitly distinguishes between ‘offline’ and ‘on-the-spot’ versions of taught skills
and the associated scaffolding: this corresponds to the notion of developing skills during therapy
sessions (“offline”), which relies on psychoeducation and recalling emotional moments from the
past with the support from the therapist; and the subsequent attempts to apply these skills in
everyday settings where no therapist support is available (‘on-the-spot’). The distinction between
‘offline’ (training) and ‘on-the-spot’ (in-the-moment) learning approaches—and the associated

2We note that emotion regulation approaches are also taught in an analoﬁous way in many other commonly used therapies,
including Cognitive Behavioural Therapy (CBT), Dialectical behaviour therapy (DBT), Acceptance and Commitment Ther-

apy (ACT), and have been suggested as one of the few known trans-diagnostic treatments across mental health disorders
(see [17, 26, 79, 83] for some of the latest reviews).

3The guidebook highlights the importance of emotion generation as part of the session—“using as many personally rele-
vant examples and activities to reinforce skill knowledge, including tﬁe liberal evocation of emotion in session, is highly
preferred. Notably there may be some modules in which such personalized practice occurs in a separate session from skill
introduction.”
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issue of transfer due to lack of mechanisms for on-the-spot support—seems common across many
of the existing in-person therapies and programs.

3.3 Exemplar ER Interventions—Experiential to Didactic

We selected two examples—Mindfulness-Based Stress Reduction (MBSR) [48] and Mindful Aware-
ness in Body-Oriented Therapy (MABT) [77]—as two body-oriented and evidence based interven-
tions that position emotion regulation techniques, specifically stress reduction, at the core of a
therapeutic approach. Both styles of intervention target improved ER through modification of per-
ception of physiological signals from the body and related cognitive attributions. Although there
have been many critics of mindfulness in a western therapeutic context due to the multiplicity of
meanings and practices, what is core to these approaches is a focus of attention on body-oriented
and felt experience, typically through a focus on the breath, inner body sensations (interoceptive
awareness) and/or other bodily processes or sensations, combined with non-judgemental aware-
ness of feelings.

What is taught? In MBSR and MABT interventions, somatically-based and/or meditative style
training is used to improve awareness and tolerance of bodily sensations, typically by practic-
ing focused attention on the breath, gentle movement and/or body-scans. The goal is to culti-
vate attentional skills and improve awareness of the current state of the body and felt experience,
and develop a nonreactive awareness of those feelings and sensations as a means to improve ER
and well-being [48, 77]. Both interventions typically proceed through multi-week practice-based
sessions focusing on enactment of body-oriented techniques and non-judgemental assessment of
those experiences. These approaches primarily support ER skills development around enhanced
awareness, attentional deployment, cognitive reappraisal through acceptance and compassion for
one’s felt experiences, and may be used in everyday life for response modulation. In the context of
Gross’ model, the techniques taught thus predominantly focus on attentional deployment, cogni-
tive change, and response modulation as well as all the regulatory stages (identification, selection,
implementation, and monitoring).

How are skills taught? These interventions draw heavily on experiential, non-symbolic skills
development approaches where the focus is on developing body-based skills through repeated cy-
cles of coached practice. Interventions are structured around staged attentional and interoceptive
exercises, in individual or group therapeutic sessions, in order to develop more advanced per-
formance skills over time. In session practice is interspersed with psychoeducational techniques
and followed up with additional home-based practice. For example, MBSR focuses on group mem-
bers being coached in real time on practising a range of experiential techniques including breath-
focused meditation, body-scans, mindful eating, walking and yoga/stretching. Layered onto these
performative skills development exercises are reminders to cultivate non-judgemental acceptance
of whatever physical and emotional sensations arise during practice. A variation called MCBT
(Mindful Cognitive Behavioural Therapy), builds on the MBSR multi-week group program with
the addition of individual CBT-based sessions, designed to help clients use mindful awareness
to reduce negative thought patterns (e.g., associated with depression) [95]. Practice sessions are
often staged to support the development of skills slowly over time, scaffolded through real-time
feedback and/or coaching, psychoeducational discussions, and sharing of experiences either indi-
vidually with the therapist or in a group therapy setting.

Existing design challenges. There are two key challenges to body-based emotion regulation
models used in ER interventions. One challenge is that experiential or embodied skills develop-
ment focuses on learning to be aware of, attentive to and able to modify different physiological
and neurological processes. Since these processes are internal body states, they are not easily
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perceived nor articulated and are not directly observable to an external party (e.g., therapist),
making real-time, accurate external feedback and/or self-reflection both difficult and highly
subjective; it is often difficult for learners to know when they are ‘getting it right’. The other
challenge is—again—the lack of support to help learners transfer trained skills into everyday
life. Most interventions involve a homework style component in which the client practices what
they have learned in sessions, however there is still a gap related to support for learners to
transfer embodied skills, such as mindful nonjudgmental attention or interoceptive awareness,
into moments of heightened emotional intensity that may occur in everyday life. Such approaches
thus highlight an analogous difference between offline vs on-the-spot intervention supports as
discussed in the ERT and UP interventions in the previous section.

3.4 Articulating the Strategy Framework Component - Hows, Whens, Wheres

The review above highlights how emotion regulation interventions are best seen as supporting a
person in developing an embodied skill. Drawing on these observations the strategic framework
aims to encourage HCI designers to think about the structure of the designed intervention first in
the context of the delivery mechanisms that digital technology can bring into the intervention pro-
cess: i.e., how, when, and where the design is supposed to scaffold participants’ learning — see Figure 3.

— The hows part of the framework distinguishes the type of skills acquisition approach an in-
tervention component supports: distinguishing between didactic learning (such as the psy-
choeducation approaches used in UP/ERT and delivered, e.g., by the therapist or through
reminders/homesheets) and experiential learning (such as the trial&feedback approach com-
monly used in mindfulness and delivered e.g., through biofeedback).

— The whens/wheres part of the framework then helps the designers think about timing and con-
texts in which intervention support is provided through technology: distinguishing between
‘offline’ training (such as intervention support in a therapist office or an online module); and
‘on-the-spot” learning (such as situated support during a stressful real-world situation).

Figure 4 outlines each of the delivery mechanisms in
more detail, including the definitions used to categorise .
existing HCI work in the scoping review presented in Strategic
the next section. As argued in more depth in Section 5, How, when, and where can the system provide
we propose that this conceptual structure can enable intervention supportto partidpants?
modular thinking about intervention design, provides a
framework for the community to develop an empirically
grounded understanding of ‘what works’ for each type
of delivery mechanism (possibly across a range of tech-
nologies), as well as promoting cross-project inspiration
across HCI and psychology research teams.

We note that such modularity is already visible in all
of the—non-technological—intervention programmes
described in this section. These combine a range of
complementary delivery mechanism components: for Experiential
example, including delivery of didactic (psychoeduca-
tion & scaffolded application in session) and experiential
learning opportunities (repeated practice and in-situ Used to decide on the intervention delivery mechanisms

) . . . i that should be included.
skills generalisation); with a range of support available
to the learners as part of ‘offline’ training (guided
meditation) and ‘on-the-spot’ application contexts (e.g.,
home-learning assignments). We expect an analogous

On-the-spot |

Fig. 3. Strategic framework component.
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Delivery

Role X
mechanism

Working definition

Experiential components focus on mediating the first-hand experience of
applying a specific emotion regulation strategy, without necessarily
providing a verbal description of the actions to be done.

experiential  In the context of emotion regulation, such experiential support can involve,
for example, ongoing real-time feedback on application of specific ER
strategy (such as response modulation through biofeedback) or by guiding
the person through an experience (e.g., a therapist supporting client during

how an exposure therapy exercise).

Didactic components focus on the delivery of information and supporting its-
--conscious---application, even if it is not immediately done within the
targeted social-emotional context.

didactic
That is, the focus is on either reminders or cognitive explanations of
emotion regulation strategies that aim to build participant's cognitive
understanding of how, why, where, when specific strategies can be used.

Offline components is that they aim to support development of emotion

regulation strategies in deliberate training contexts rather than in daily life.
offline

The trained skills are then expected to be transferred into everyday

situations where strong emotions naturally arise.

when / where On-the-spot components aim to train emotion regulation strategies during
naturally occurring emotional situations (e.g. stressful events in daily life).

on-the-spot  Therefore, the skills practised are immediately applied to the specific
emotional situation, as mediated by the technological or in-person
intervention; and---what is crucial---no further transfer of skills is expected
or needed.

Fig. 4. Definitions table for each of the delivery mechanism components: experiential vs. didactic; offline vs.
on-the-spot.

situation also for any technology-enabled interventions: for example, a game-based bio-feedback
intervention (such as [51] reviewed in the next section) can be seen as utilising ‘offline’ delivery
mechanism through the game (which is used to generate emotions outside of everyday situations),
‘experiential’ mechanism (by involving the biofeedback loop), as well as perhaps a ‘didactic’ com-
ponent (if, for example, the participants first engage in psychoeducation before the game starts).

4 PRACTICAL COMPONENT: SCOPING REVIEW OF HCI WORK

The role of the practical part of the framework is to support designers in answering questions
such as How can we provide an experiential/didactic/offline/on-the-spot support to those using my
interventions? What are the established technological approaches to do so, and where is there still an
opportunity for innovation? In other words, our aim is to provide designers with a synthesis of the
existing work on emotion regulation technologies in HCI to date into commonly used interven-
tion design components across the selected delivery mechanisms, help guide practical decisions on
possible implementations of these, as well as help identify areas in which current solutions need
improvement or are missing.
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The descriptions that follow are based on a scoping review (cf., [67]) including articles published
in HCI between January 1 2009 and December 8 2021, as primarily indexed across ACM digital li-
brary and IEEE; and complemented with an additional Google Scholar search.* We use this scoping
review of recent HCI literature to provide a foundation that enabled us to develop the practical
part of our framework in two ways:

(1) To develop a ‘dictionary’ of commonly used intervention design components, as identified
in existing work for each of the delivery mechanisms (i.e., what are the design choices re-
searchers have tended to use so far to provide experiential, didactic, offline, or on-the-spot
support?); as well as to provide an overview of the range of the ER targets within the current
work (i.e., which of the 4 ER stages/5 families of ER strategies have been supported so far,
and which remain under-studied?).

(2) To outline how these individual design components have been combined into interventions
(i.e., which combinations of the intervention design components have been explored already
in the literature? What are the remaining gaps?).

Figure 5 visualises how the strategic and practical parts of the framework connect and provides
an overview of the main intervention design components identified for each of the four delivery
mechanisms. In the following subsections we provide a summary of our scoping review meth-
ods and an overview of our review findings as context for exploring how intervention design
components have been used in each of the delivery mechanisms and have been combined into
interventions. We provide full details of our scoping review methods and findings in Appendix 1.

4.1 Scoping Review Methodology

We conducted a literature review that targeted full articles and notes as well as high quality
works-in-progress that were published in top venues in HCI. We targeted the ACM digital li-
brary, IEEE databases and used Google Scholar to search for articles published between Janu-
ary 1 2009 and December 8 2021. Our keyword search criteria were “interactive technology” and
one or more of ‘emotion regulation’ or ‘self-regulation’ or ‘stress’ or ‘stress-regulation’. The ini-
tial search resulted in 5,574 articles, out of which 36 articles fit all our criteria: peer reviewed
articles addressing human emotion-regulation, involving interactive technology, including user
study, identified one or more intervention mechanisms, and where the end-goal of the research
was an emotion regulation intervention (as opposed to say, e.g., an emotion detection algorithm)
[4,5,7,9,14, 15,21, 25,31, 35, 44,47, 51-54, 56, 61, 63, 65, 71-74, 76, 81, 87-89, 91, 102-104, 106—-108].
The review methods are summarised briefly here and provided in detail in Appendix 1 including
a description of the selection and filtering process.

Following from the theoretical review in Sections 2 and 3, we have used an inductive and itera-
tive approach to thematic analysis to create a coding scheme and identify intervention components
within each system that supported offline vs on-the-spot training, and didactic vs experiential
learning. The analysis phase consisted of two of the researchers working inductively to iteratively
develop initial categories and coding rules for each of the four delivery mechanisms. This was done
during individual and shared analysis sessions over a small subset of articles. Once categories were
defined, the researchers then individually reviewed and coded about 25% of the articles across the
two dimensions, together reconciling, revising and finalizing descriptions of categories and coding
rules for each of the categories. This codebook was finalised after the researchers had read and
analyzed about half the articles, at which point they had well-defined dimension categories and
"The authors will maintain an up-to-date database of articles for at least five years after the publication online (as part of

Slovak’s FLF fellowship)—the current version of the database is available on this Airtable link.


https://airtable.com/shr2xBjGMQSwVrtqf

Strategic Practical
Delivery mechanisms Currently used design components
decisions and ple impl jon decisi
Reminder-recommenders /3. Using static/generic materialsto recommend spedfic
e ER strategies that could be applied.
Awareness i bicd . flecti
— didactic - 3 eg, relying on EMAs or biodata to prompt reflection
and reflection support on current/past emotional experiences.
\ Cognitive model eg, providing traditional or metaphor-basad informa-
development tion to teach users about ER strategies.
Hows —
Reaktime tailored eg.adding metaphorical representations of current
o biofeedbadk physiological state as part of gameplay.
L— experiential <
— Implicit target e.g. providing subtle feedbadk such as vibrotactile
feedback pattermsto change users’physiological state.

Generation-to-regulation

eg. diciting emotions (such as fear) through a videogame
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|-~ emotion loops together with bicfeedback to scaffold ER.

eg. providing support to relax / down-regulate from

—  offiine —  Relaxation training a baszline emotional state.
™. Reflection on tracked eg. using visualisations of emotional data collected
Wheres emotional data over time to increase self-awamess.
/ —
Whens
Selected intervention eg. intervention triggered by the system, activated
L~ triggers by the user, or situation dependent.
'— on-the-spot <
t~_ Timing and duration eg. intervention facilitating one-off nudge, or providing
of support continuous support to enact a strategy.

Fig. 5. Overview of the connections between strategic and practical parts of the framework.

stable coding schemes for each dimension. These observations form the core contribution of this
section and are outlined below.

As part of the initial scoping review, the researchers coded the systems along a more traditional
six dimensions, selected a priori: type of technology; stage of research to, e.g., distinguish early
HCI explorations of materials from more developed systems; topical focus of HCI research (e.g.,
efficacy evaluations versus modality design explorations); intervention mechanism underpinning
the designed system; level of intervention mechanism specificity; and intended use-case (skills
development vs ongoing support). These dimensions have been derived from prior research and
similar HCI review work, as well as the theoretical grounding from psychology (i.e., intervention
mechanism as a theory of change, and intended use case as skills learning vs continuous support).
The key results from this analysis are briefly summarised in the next subsection and reported in
full for all six dimensions in Appendix 1.

4.2 Overview of Scoping Review of HCl Work

The articles in our sample showcase a wide variety of HCI research in the design space of creating
and evaluating emotion regulation intervention. As is traditional in new domains of HCI research
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(cf., e.g., [80]), the stage of research and resulting contribution of many of the articles focused
on early stage explorations of innovative technologies in design space, presenting user studies
on proof-of-concept devices to examine whether a particular approach/class of technologies was
viable and warranted future research. Specifically, 13 articles were coded as early stage research,
focusing on the design of prototypes and formative evaluations [14, 15, 25, 47, 52, 53, 61, 72, 76,
87, 88, 107, 108]; 14 articles were coded as mid-stage research, focusing on iterative design and
evaluation of more complex and/or robust prototypes with formative or summative evaluations
[4, 5, 9, 54, 56, 64, 66, 71, 73, 74, 102-104, 106]; finally, only 9 articles were coded as late stage
research involving hi-fidelity, robust research systems that were ready for widespread deployment
and summative evaluations in lab or field studies [7, 21, 31, 35, 44, 51, 81, 89, 91].

Many of the more exploratory systems did not fully specify the assumed intervention
mechanism based on a theory-of-change (cf., [24]), i.e., outlining how the proposed design
decisions are likely to lead to users’ improved emotion regulation, with about half of the systems
being coded as including low (15 articles; [9, 14, 25, 52-54, 56, 63, 65, 72, 73, 76, 102, 106, 108])
or medium (13 articles; [7, 15, 31, 35, 47, 51, 61, 71, 74, 87, 91, 103, 107]) specificity o f the
theory of change. As a result, the intervention mechanisms were categorised in terms of in-
teraction design,with most research articles focused on utilising biofeedback components (14
articles; [4, 5, 51, 53, 54, 56, 63, 73, 74, 81, 103, 104, 107, 108]), physiological synchronisation, i.e.,
providing users with external input that mimics their own biosignals such as “false heart-rate
feedback” (7 articles; [9, 15, 21, 35, 61, 65, 72]); reminders and recommendations of specific ER
strategies (6 articles; [25, 31, 71, 76, 89, 91]); awareness systems that help monitor and/or track
individual emotions (5 articles; [7, 44, 52, 102, 106]); and a smattering of other bespoke systems
(4 articles; [14, 47, 87, 88]). Interestingly, a unifying characteristic across all these different ap-
proaches was that their intended use cases rarely showed a focus on intervention transfer beyond
the effects during technology use: the strong majority of the articles in the current data set (31 arti-
cles; [7, 9, 14, 15, 21, 25, 31, 35, 44, 47, 51-54, 56, 61, 63, 65, 71-74, 76, 88, 89, 91, 102—-104, 106, 107])
were based on use cases in which the developed systems had to provide on-going support for the
intervention to be effective; and thus the effects would disappear if the system (such as wearable
feedback) was removed. In contrast, only a handful of intervention use cases were envisioned to
train skills in order to eventually reduce end-user dependence on the intervention to enable the
end-user to apply emotion regulation strategies on their own (5 articles; [4, 5, 81, 87, 108]). More de-
tails on the results for all dimensions used in the initial scoping review can be found in Appendix 1.
We next present the results of our inductive analysis that revealed which intervention design com-
ponents were used for each of the four delivery mechanisms and how these were combined into
interventions.

4.3 Which Intervention Design Components are used in Each of the Delivery
Mechanisms?

Our next step was to identify and categorise the design components that have been used in ex-
isting work so far. The aim was to articulate the established—or at least attempted—approaches
to supporting each of the four possible delivery mechanisms (e.g., what are all the components
that have been used to support ‘experiential’ learning in prior HCI work?). In particular, each de-
livery mechanism—didactic, experiential, offline, on-the-spot—is briefly characterised in terms of
the ER targets, narrative overview of how we saw the respective components used in the current
dataset, and the categories of components identified. Figures 6 and 7 provide the overview of the
contrasts between experiential vs. didactic; and offline vs. on-the-spot components (on pages 21
and 22, respectively).
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Fig. 6. Overview of the experiential and didactic intervention components.

4.3.1 Experiential Intervention Components.

ER targets. The main characteristic of intervention components coded as experiential is their
focus on mediating the first-hand experience of applying a specific emotion regulation
strategy, without necessarily providing a verbal description of the actions to be done - cf., the
section on performative skills development. In the context of emotion regulation, such experien-
tial support can involve, for example, ongoing real-time feedback on application of specific ER
strategy (such as response modulation through biofeedback) or by guiding the person through an
experience (e.g., a therapist supporting a client during an exposure therapy exercise).

How have these been used in HCI work? Predominantly, experiential components attempt to facili-
tate the learner’s on-going emotion regulation process, such as when the learner would otherwise
struggle to apply the emotion regulation strategy successfully. Although more than half of the
reviewed articles contained some experiential components (23 articles in total), the range of mech-
anisms used was limited to the two main categories outlined below. The first provided the user
with a learning environment that included structured feedback during a practice application of a
given ER strategy, such as embedding biofeedback into video games (e.g., [56, 103]). This approach
was a goal-driven or purposeful, conscious approach and scaffolded experience(s) that involved ex-
plicit control of emotion regulation. The second approach used on-going non-lingual reminders
that aimed to subtly guide the participant toward a target emotional state, such as through vibro-
tactile patterns (e.g., [21, 61, 72, 88]) or audiovisual cues (e.g., [35]). In this approach the goal was
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Fig. 7. Overview of offline and on-the-spot intervention components.

not communicated directly to the participant and involved scaffolding implicit emotion regulation
experiences through unconscious or automatic processes.

Interaction design patterns. The two main interaction designs used across the 23 papers—real-
time tailored biofeedback and implicit target feedback—differed substantially in how, when, and
through which psychological mechanisms users’ emotion regulation was to be supported. The
real-time tailored biofeedback components provided the user with information about their current
physiological state(s) in a closed (bio-)feedback loop, which then helps to learn and/or practice ER
through operant conditioning [4, 5, 47, 51, 53, 54, 56, 73, 74, 81, 103, 107, 108]. This was predomi-
nantly implemented through video games that map one’s physiological response to the system in
real time using metaphorical representations, either subtly changing the game mechanics [4, 5, 51,
54,73,74, 81,103, 108] or using graphic overlays that make the gameplay more difficult if the player
is not calm enough [54, 56, 103]. For example, Mandryk et. al [56] inserted additional graphics over-
lay (e.g., mud in a racing game) to gameplay as the player’s stress increased. In contrast, implicit
target feedback components aimed to subconsciously or consciously nudge the users’ physiolog-
ical states towards a particular target (often relaxation or calmed down state) [9, 14, 21, 35, 61, 66,
72, 88, 104]. Predominantly, such components utilise vibrotactile interaction, either as a guide for
the users’ controllable physiological processes, such as their breathing rate [9, 35, 61, 66, 72, 104],
by drawing on the false-heart rate feedback literature (e.g., [21]), or by relying on attentional
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deployment strategies elicited by the haptic interaction [88]. For example, Miri et. al’s [9] system
provides haptic feedback to facilitate calm breathing patterns of drivers during a car commute.

Links to the ER process model. The range of ER techniques supported by experiential components
was very limited: nearly all of the implicit target and biofeedback components were supporting
ER strategies belonging to the response modulation family, often through affecting the breathing
rate. The exceptions to this pattern were bio-feedback systems embedded in traditional therapeu-
tic techniques (mostly CBT—see [5, 51, 54]), which would have introduced other families of ER
strategies through different components. Even there, however, the core bio-feedback loop relied
mostly on breathing-based exercises. Additionally, many of the systems—especially in the implicit
target feedback category—did not explicitly aim to promote skills development; the system would
need to be present at all times when the user needed to down-regulate.

4.3.2  Didactic Intervention Components.

ER targets. The main characteristic of intervention components coded as didactic is their focus
on the delivery of information and supporting its—conscious—application, even if it is not
immediately done within the targeted social-emotional context. That is, the focus is on either
reminders or cognitive explanations of emotion regulation strategies that aim to build participants’
cognitive understanding of how, why, where, and when specific strategies can be used.

How have these been used in HCI work? Didactic intervention components rely on active cogni-
tive processing to help develop new (or plan to apply already known) emotion regulation strategies.
Many existing examples rely on technology to provide information suggesting specific ER strate-
gies that can be applied to a particular emotion regulation need (e.g., [25, 31, 64, 71]; or scaffold
understanding of own emotional states to enhance self-awareness and monitoring over time, for
instance, via self-reports (e.g., [44]) or sensing technology (e.g., [64]). What is important to note is
that these intervention components do not scaffold the experiential aspects of emotion regulation
(e.g., application of the suggested interventions), although they might be explicitly describing the
assumed cognitive steps that the learner should take once the strategy is to be applied. Finally, some
interventions rely on traditional psychoeducation approaches to explain, suggest, and support de-
velopment of new emotion regulatory approaches (e.g., by providing verbal explanations of how
to execute emotion regulation strategies) as well as including role plays to provide low-intensity
situations to practice on (e.g., [51, 76, 81]).

Interaction design patterns. We saw three main interaction design approaches—reminder-
recommender systems, awareness and reflection support, and cognitive models development—which
differed in when, how, and what kind of information was offered to the users. First, reminder-
recommender components provide the users with in-the-moment suggestions around specific ER
strategies that could be used [25, 31, 44, 71, 76, 89]. Often, the implementation included providing
step-by-step instructions on how to enact a particular ER strategy in the form of static materials
(i.e., general description of how to ‘do’ cognitive reappraisal or deep breathing, not tailored to any
current experience), or by providing links to external materials. For example, Smyth et. al. [89]
delivered three reminder prompts daily (e.g., ‘Recall that even a few diaphragmatic breaths can
reduce stress; if your current context allows for it, take 5 mindful breaths’) at a semi-random time,
through a mobile phone notification interface. Second, the awareness and reflection interaction
mechanisms do not suggest specific activities but rather rely on prompting the users to reflect
on their current emotional state and/or expect them to analyse a (retrospective) data log of one’s
emotional experiences [7, 44, 52, 63, 89, 102]. The reflection support is often reliant on users’
self-report through ecological momentary assessment (EMA) [7, 44, 89], or automated system
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tracking relying on biosensing data [52, 102]. For example, Bakker et. al. [7] used a bespoke app
to prompt users to collect their emotional states (12 questions once per day), and then enable
them to reflect o n any p atterns v isible i n t he r esulting ‘ mood d iary’. F inally, c ognitive model
development components do not scaffold any ongoing engagements, but rather provide users with
psychoeducation (and potentially role-play) support to develop an understanding of new emotion
regulation strategies [4, 5, 51, 76, 81, 87]. This can take place in traditional clinical intervention
context with a therapist [51, 76], as part of embedding the psychoeducation into the interactive
experience [81, 87], or as well-selected metaphors incorporated into an interactive game [4, 5].
Specifically, t hese ¢ omponents p rovide i n-depth e xplanations o fh ow t he m ind transforms

information to arrive at behaviour (e.g., how, why, where, when it is important to use ER skills).

Links to the ER process model. Didactic components have supported emotion regulation strate-
gies from a range of families, although these were mostly determined by the particular interac-
tion design mechanism. For example, the reminder-recommender system components mostly sup-
ported some form of situation selection although there were some implementations that aimed at a
broader range (e.g., [71, 76], which referred to cognitive change and response modulation strategies
as well). Cognitive models’ development components were predominantly relying on traditional
CBT psychoeducation (e.g., [51, 81]) and thus supported a broad range of strategies similar in
scope to the clinical interventions outlined in Section 2, including attentional deployment, cognitive
change, response modulation; others have centred more on acceptance approaches ([4, 5]. Finally,
the Awareness and Reflection systems predominantly aimed at supporting situation selection (by
helping learners identify situations that lead to negative outcomes), and potentially also the self-
awareness meta-layer.

4.3.3  Offline Intervention Components.

ER targets. The main characteristic of offline intervention components is that they aim to sup-
port development of emotion regulation strategies in deliberate training contexts rather than
in daily life. The trained skills are then expected to be transferred into everyday situations where
strong emotions naturally arise.

How have these been used in HCI work? Offline in tervention co mponents ca n ta ke a num-
ber of forms. For instance, systems including offline co mponents ca nai mto el icit strong
emotions using technology to create an artificial c ontext in w hich t o p ractice E R strategies
[54, 56, 73, 74, 81, 102, 108]. This is predominantly achieved through training contexts involving
video games designed to either trigger strong emotions (such as fear in [54] or stress in [108]) or
to illustrate metaphorical representations that scaffold the successful execution of the ER strategy
being trained (e.g., [4, 81]). In many instances the existing components predominantly rely on
forms of biofeedback, i.e. experiential components, to ‘close’ the training loop (cf., Section 4.3.1).
Alternatively, several interventions use ongoing monitoring of tracked emotions across situations
to create an overview that is used in a training context to enable reflection o n previously
unnoticed patterns, resulting in insights and an eventual increase in emotional awareness over
time ([7, 44, 52, 102]). Multiple papers that investigate mechanisms that enable offline training also
include the use of didactic psycho-education (cf., cognitive models development in Section 4.3.2)
to teach participants about when and how emotion regulation strategies are useful and when to
use them in real life [51, 76, 81, 89, 104]. The psycho-active information is delivered to the users
predominantly through non-technologically mediated ways such as in-person therapy sessions or
training [51, 76, 89, 104], with [81] being the only exception where the psychoeducation has been
directly incorporated into the technologically mediated intervention (computer game). Overall,
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the psychoeducation approaches are designed to supplement the main technology-enabled
component (e.g., to support the teachings from biofeedback interventions [5, 51, 81]).

Interaction design patterns. The existing approaches to offline design components differ primar-
ily in if/how the emotion generation process is supported through technological mediation. The first
type of components aims to both facilitate the emotion generation and the associated emotion reg-
ulation. These are mostly intervention components utilising the ability of video games to elicit
specific emotions (e.g., anxiety, stress) but then also facilitate feedback on the emotion regulation
of the player (e.g., using biofeedback about the emotional state of the player). This interaction
mechanism enables ‘in-vivo’ ER practice as part of the game experience, with the mostly nega-
tive emotion either purposefully elicited through game design (e.g., [54, 81]) or generated through
gameplay of commercially available games which are inherently stressful (e.g.[56, 103]). In the sec-
ond type of components, the technological systems do not attempt to elicit heightened emotion
but instead provide relaxation training support during baseline emotional states [4, 5, 14, 51]. The
focus here is often on utilising technology-enabled feedback mechanisms, again typically biofeed-
back to ease and/or deepen the relaxation competence of the player (e.g., [4, 53]). Finally, there are
offline components that neither generate emotion nor scaffold the resulting emotion regulation.
Instead, the focus is on the users’ reflection on emotion data by visualising patterns over time. In
these instances the system draws on a history of tracked emotional data (and relevant context)
with the expectation that visualising this data to the user will lead to insight and increased self-
awareness [7, 44, 52, 102]. Such systems may employ mechanisms that automatically collected
physiological data (e.g., [102]), user-entered data, such as a short mood questionnaire [7]; and/or
a location-based emotion assessment [43] alongside various representational forms for display.
For example, Bakker et. al. allow the users to inspect a ‘mood diary’ to extract patterns, increase
self-awareness of their emotions, and potentially change their future behaviour [7].

Links to the process model of ER. The majority of game-based interventions are predominantly
focused on training response modulation techniques (e.g., control over aspects of breathing).
Conversely, emotion awareness interventions are not grounded in any specific theory of change,
instead relying on the notion that improved awareness of emotions will result in better ER.
Interventions include a secondary psychoeducation element to focus on cognitive reappraisal or
simply include explanations and reminders to use the techniques being taught.

4.3.4  On-the-spot Intervention Components.

ER targets. The main characteristic of intervention components coded as on-the-spot training is
that they aim to train emotion regulation strategies during naturally occurring emotional sit-
uations (e.g., stressful events in daily life). Therefore, the skills practised are immediately applied
to the specific emotional situation, as mediated by the technological or in-person intervention;
and—what is crucial—no further transfer of skills is expected or needed.

How have these been used in HCI work? Some of the systems including on-the-spot compo-
nents target moments when a strong emotion arises, such as: during a stressful work situation
(e.g., [61, 66, 107]) or whilst driving in a busy city (e.g., [72], [9]), or everyday feelings of stress or
anxiety ([31, 88]). Alternatively, some interventions deliver real-time information of the current
emotional state (e.g., [64], [103]) and some suggest potential ER strategies to be used when a spe-
cific emotion is experienced or sensed through the technology (e.g., [89], [44]). Many of the papers
highlight the focus on investigating mechanisms that enable such on-the-spot delivery of inter-
vention alongside other ongoing activities, mostly in combination with experiential components,
cf., [9, 21, 35, 61, 63, 65, 72, 107]; see Section 4.3.1). Alternatively, other papers use more didactic
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approaches, predominantly in the form of reminders or EMAs ([7, 25, 31, 44, 63, 71, 76, 89, 102];
see Section 4.3.2).

Interaction design patterns. The existing approaches differ in two key ways that shape the in-
teraction designs enabled by the components: these are what is used as the trigger for delivery of
intervention supports (user initiated, system initiated, situation specific); and the timing/duration
over which the support is delivered (discrete point or ongoing support). We outline each of these
below, referencing the systems that utilised such interaction design mechanism(s).

The differences in approaches to intervention triggers are in who/what initiated the on-the-spot
intervention delivery: For the user-initiated components [31, 44, 53, 63, 88, 102], the users were ex-
pected to notice the need for emotion regulation support and activate the system, with the on-the-
spot intervention component facilitating their efforts afterwards. For example, BioFeedback [53]
requires the user to reach out for the interactive fidget spinner, which then provides in-the-moment
feedback. For the system-initiated components [21, 35, 71, 76, 89], it is the system that determines
the need for emotion regulation at a particular time—often through bio-sensing—and triggers in-
tervention delivery: [76] (EDA), [21] (HR), [35] (breathing rate), [71, 89] (algorithmically based on
user’s EMA input). For example, [89] relies on detecting the user’s high stress or negative affect (as
part of a prompted EMA), to then provide tailored reminders to use stress management strategies
via a mobile app. Finally, the situation specific components provide ongoing support throughout
predetermined contexts that are deemed as likely stressful (e.g., driving ([9, 72], or information
work ([65, 107]). For example, CalmCommute [9] provides continuous haptic-guided slow breath-
ing exercises through a modified car-seat cover, while the user is driving.

The differences in approaches to timing and duration of the intervention refer to the period over
which the support is offered on-the-spot. For the discrete point components, the system provides the
user with information that is expected to facilitate a shift in their emotion regulatory trajectory.
In present dataset such components relied on either reminding the users of strategies taught in
prior psychoeducation modules [76, 89], facilitating awareness of their stress levels [102, 107], or
providing users with suggested activities to improve emotional state [44, 71]. For example, [76]
used visual representation of in-the-moment strategies on glance-able displays positioned in the
home to help parents remind themselves of strategies they were taught in prior therapeutic ses-
sions, with the expectations that these strategies could then be put to use (without further scaf-
folding). In contrast, with the ongoing support components the users are supported through a par-
ticular emotion regulation strategy until the emotion regulation is complete. In existing work,
the components predominantly support explicit ER by guiding the users toward slower breathing
patterns [9, 53, 61, 63, 72], but also by providing cognitive scaffolding [ 31] and ongoing atten-
tional deployment intervention [88]. Other work relies on implicit ER, where users are expected
to subconsciously alter their ongoing behaviour and/or emotions in response to a ‘target feedback’
delivered as haptic interaction ([15, 21, 35]). For example, BoostMeUp [21] used Apple Watch to
give users subtly perceptible haptic ‘taps’ on the wrist which were either 30% slower or 30% faster
than the participants’ baseline heart rate.

Links to the process model of ER. As these components are related to the point and type of sup-
port offered, rather than the specific content, there are no in-principle connections between the
specific interaction design mechanism components (e.g., user-initiated vs. system-initiated), and
specific emotion regulation families from the Process model, or the overarching stages (identifica-
tion, selection, implementation, monitoring). For example, while ongoing support components are
now predominantly used for response modulation (e.g., through deep breathing or false heart-rate
feedback), there are no principled reasons why a similar approach could not be used to support
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other families (e.g., attentional deployment, or cognitive reappraisal); or across the full gamut of
the overarching stages.

4.4 How are the Identified Design Components Combined in Existing Interventions?

The previous section synthesised the design components present in HCI work so far, with the aim
to decompose existing work and provide us with the ‘dictionary’ of techniques that have been
utilised for each of the four possible delivery mechanisms (didactic, experiential, offline, on-the-
spot). This section brings the focus back to the full interventions as presented in prior work to
provide an overview of how the identified components are combined into systems and identify any
meaningful patterns or gaps of such combinations across the current dataset.

The key argument is that the existing work is, so far, clearly separated into three main research
directions: implicit on-the-spot support, bio-feedback games, and reminder-recommender & aware-
ness systems. These clusters correspond surprisingly neatly to the combination of delivery mech-
anisms used — see Figure 10. In addition, the clusters are mostly independent of each other (draw
on different background literature, intervention goals, and technological components), including
using consistent combinations of design components within each cluster (i.e., components used in
one cluster—e.g., implicit feedback or recommenders—are rarely utilised in other clusters).

Such lack of cross-cluster research® suggests clear opportunities for future work as described in
detail in Sections 4.4.2 and 5: for example, there are several combinations of types of intervention
components that have not been explored at all so far; as well as more intricate combinations of
components that already exist.

4.4.1 Three Clusters in the HCl Work so Far. We outline each of the three clusters briefly be-
low; the Appendix 2 then provides more details on the individual papers as well as the emotion
regulation targets addressed in each of the clusters.

Cluster 1 — implicit on-the-spot support (experiential + on-the-spot) — n = 12. These systems ex-
plore assistive—often implicit—down regulation interventions, which are supposed to be available
to users alongside other activities. Systems in this category predominantly rely on experiential
implicit target components (n = 9), drawing on a digital representation of a target state (heart rate,
breath rate) - cf,, [9, 15, 21, 61, 72]. Three additional articles showcase the potential for using al-
ternative components to deliver experiential/on-the-spot interventions, predominantly by moving
toward more consciously enacted emotion regulation strategies through physical objects [53, 88],
or background biofeedback visualisation [107].

Cluster 2 — bio-feedback in interactive games (experiential + offline +- didactic) — n = 12. The
papers in this cluster predominantly draw on utilising experiential bio-feedback interventions in
games (n = 10), with some systems [4, 5, 51, 81] also adding didactic psychoeducation components
inspired or directly drawing on traditional psychotherapy (e.g, CBT in-person session with a ther-
apist combined with a bio-feedback game [51]). Most focus is on offline components to both elicit
emotion and scaffold the associated emotion regulation [54, 56, 73, 74, 81, 103, 108] utilising a combi-
nation of interactive games (used to elicit mostly negative emotions such as stress or fear) and an
experiential real-time biofeedback loop component to provide feedback scaffolding ER training
within the game space. The remaining systems drew on some version of relaxation training

SWhile it is not known why such a disconnected pattern of work has emerged, we expect that this may be due to a combi-
nation of several factors, including: the traditional HCI focus on the individual interaction design techniques (often using
emotion regulation as a case study rather than primary aim); the pragmatic push for innovation and speedy publication cy-
cles in HCI (which reduce the motivation to building larger-scale systems and validation studies); and finally, the increased
levels of interdisciplinarity needed to combine or work across established HCI and psychology subfields.
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Fig. 8. lllustration of how the reviewed interventions are associated with the four delivery mechanisms -
didactic vs. experiential; and offline vs on-the-spot. Numbers and location indicate the number of system
using components within the respective intersection of dimensions (e.g., a system using components coded
as didactic, on-the-spot, and offline would be placed in the appropriate intersection of the Venn diagram).
The annotation shows the resulting clustering of research areas, as described below.

components [4, 5, 51], combining traditional biofeedback loops with simple game-like interactions
(e.g., blowing on a virtual windmill).

Cluster 3 — reminder-recommender & awareness systems (didactic + offline || on-the-spot) — n =
11. The work in this cluster combines the existing work on reminder-recommender and awareness
and reflection systems, potentially combined with either psycho-education or visualising patterns
over time. The papers are more diverse in terms of components used and their combinations in con-
trast to Clusters 1 & 2, but this also comes with a less well established groundwork on the assumed
theories of change: for example, only 2 out of the 11 articles [44, 89] were coded as High on inter-
vention model specificity - cf., Appendix 1. The systems including aware&reflect [7, 44, 52, 89, 102]
involved monitoring and tracking individuals’ emotions over time as a means to increase users’
awareness of their emotional state(s); most of this work is akin to—and likely inspired by—HCI
work on personal informatics systems (cf., [30]). In contrast, the systems relying on reminders
or recommenders provided the users with on-the-spot suggestions of specific ER s trategies to
use [25, 31, 44, 71, 76, 89]. Conceptually, these systems often draw on behavioural change inter-
vention systems, especially the Just-in-time-adaptive-intervention literature (see e.g., [69] for a
recent review). Only two systems have combined both aware&reflect and reminder-recommender
components [44, 89].

4.4.2  Cluster X: ldentifying Missing Design Component Combinations. As illustrated in Fig-
ure 10, there are three potential combinations of component types that had not been seen in
the current dataset. Specifically, t his i nvolves i nterventions t hat w ould ¢ ombine a Il t ypes of
component (didactic, experiential, on-the-spot, offline) as well as systems including a combination
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of experiential + on-the-spot with either didactic or offline components. While the next section
(Section 5) describes how this and other research gaps highlighted by the proposed framework can
drive and inspire future HCI work in more detail, we wanted to share a few observations already
here, while the context of the work presented in the clusters above is still fresh in the reader’s mind.

On one hand, as researchers thinking about ER interventions in terms of intervention compo-
nents, we find the lack of specific combinations within the existing intervention systems litera-
ture interesting and somewhat surprising: For example, we can see nothing that would logically
prevent bio-feedback game interventions such as those described in Cluster 2 from including an
additional on-the-spot recommender component, especially if the game-based learning is already
complemented with didactic psychoeducation components (e.g., talking therapy). In fact, such rec-
ommender systems would logically complement—and perhaps could help resolve—the difficulties
with transferring the learning from offline game experiences into on-the-spot applications. Simi-
larly, there are no psychological reasons why a Cluster 1 intervention (e.g., a task-based breathing
scaffolding device) could not be complemented with a form of aware&reflect system, or a didactic
psycho-education component that might promote mindful attention to breathing (which, arguably,
could be then amplified on-the-spot by the haptic feedback already present in Cluster 1 systems).

On the other hand, the lack of cross-pollination of techniques across clusters is less surprising
if seen from the perspective of HCI researchers, given the different historical background that the
existing interventions draw on, the relatively early stage of this research area in HCI, and often the
resulting focus on investigating a particular interaction design technique as the research contri-
bution (cf Appendix 1). Perhaps unsurprisingly then, while the interventions within each cluster
might be thorough in referencing other related work in that cluster, there are far fewer references
to work across clusters. For example, self-awareness or recommender systems may not appear im-
mediately related to bio-feedback game interaction, especially if seen from the perspective of an
HCI designer trying to deeply understand the interaction design characteristic that would make,
say, a bio-feedback overlay on a game acceptable and effective in communicating the relevant
psychological information.

It is our hope that the proposed framework—and more broadly, this paper—can help highlight
these less immediate connections across clusters and promote a deeper interconnection of work
within HCI and (clinical) psychology collaborators, especially as the technology-enabled ER re-
search area matures over the years. The next section goes on to outline the key gaps and opportu-
nities we see, based on the analysis so far, as particularly interesting for the HCI and psychology
communities to address in the next stages of the work.

5 DISCUSSION AND RESEARCH AGENDA

Our purpose in writing this paper was to make sense of this rapidly growing and inherently inter-
disciplinary research area. The proposed framework is our way of communicating the understand-
ing of what has been done so far (as synthesised in previous sections), but also a way of helping
shape what comes next: we will show how the three parts of the framework (theory, strategy, prac-
tical) can be applied—separately or together—as lenses to identify gaps in existing work, inform
new projects, and support ongoing synthesis of work across the range of disciplines and possible
research threads.

In the following subsections, we aim to model how we think about using the framework to gen-
eratively shape questions for the field. We will start by briefly outlining what we see as the core
remaining gaps when viewing the field from the perspective of focusing on (i) the possible ER tar-
gets and psychological impact of our systems (theory & practical); and (ii) what we know about the
interaction design approaches for each of the specific intervention delivery mechanisms (strategy
& practical).
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We then discuss the cross-cutting considerations of how the framework can be applied more
practically to guide the design of specific research projects, across all stages between traditional
HCI focus (e.g., technological and interaction design innovation through exciting prototypes) and
psychology focus (large-scale efficacy trials on well-understood, robust, in-situ systems). We hope
this reflection will be useful not just for individual researchers sharpening their research questions
and approaches, but also to allow us—as a community—to have rich discussion of the field, gaps and
opportunities, creating pathways towards a deeper collaboration among this rich set of disciplines.

5.1 Research Gaps—ER Targets Perspective

One way of identifying remaining gaps is through foregrounding considerations of the psycholog-
ical targets our interventions aim to impact: i.e., the psychological processes necessary to develop-
ing ER skills and thinking about how these are—or are not—supported by any of the interaction
design components we see across the literature so far.

5.1.1 Lack of Transfer Support. Transfer is a crucial part of ER interventions. Enabling people
to, e.g., better cope with daily setting without ongoing support is crucial for long-term impact and
sustainability of effective systems. Lack of transfer-enabling support in-situ is one of the key gaps
in existing non-technological interventions (cf., Section 2). However, as discussed in Section 4.2,
less than 15% of interventions were specifically designed to reduce end-user dependence on the
intervention system, i.e., to enable the end-user to develop and then use emotion regulation strate-
gies on their own ([4, 5, 81, 87, 108]) — and most of these relied on non-technological approaches
to transfer support (e.g., [4, 5, 87]. The remaining 31 interventions (implicitly) assumed that the
developed systems would have to provide ongoing support for the intervention to be effective, and
thus the effects would disappear if the system (such as a wearable feedback system) was removed.

We expect the questions around supporting transfer and skills development will be a highly
fruitful avenue of research in the near future: it is a challenge which innovative tech-enabled in-
tervention delivery mechanisms could be well fitted to address, but also one which has not been
explored so far and, thus, a direction where likely many low-hanging opportunities exist. Within
the framework model we see transfer as designing innovative connections between components
sitting at the opposite ends of the wheres/whens and hows spectrums: for example, connecting what
is learned in an offline component (e.g., bio-feedback game) with scaffolding on-the-spot applica-
tion (e.g., reminders, on-going haptic feedback, or other new strategies) is one promising approach
to addressing this crucial challenge. Similarly, envisioning approaches that combine didactic com-
ponents (such as cognitive restructuring) with experiential approaches (such as on-the-spot expe-
riential support) are likely to lead to increased transfer effects.

5.1.2  Uneven Support for ER Strategies. As outlined in Section 4, the support for individual
ER strategies (situation selection, situation modification, a ttentional d eployment, cognitive
change, response modulation) is not evenly distributed: across all delivery mechanisms, most
of the interactive components are targeting response modulation strategies (although these are
theoretically known to be less effective in the long term), with other well-established strategies
such as cognitive reappraisal or attentional deployment virtually unsupported. This is particularly
pertinent for on-the-spot and experiential components, and the reliance on simple reminders
and/or non-technological module delivery in others. We also note that recent work suggests
that digital technologies are already often used by participants for situation selection as part of
everyday use (cf., [101]), but these approaches are yet under-represented in the interventions we
see in our study sample. A similar picture emerges with the stages of the ER process (identification,
selection, implementation, monitoring), where most systems predominantly focus on supporting
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implementation of specific strategies (i.e., mostly response modulation), and the remaining aspects
remain unsupported.

5.1.3  Lack of Efficacy Data on (Multi-)Component Systems. To date, there is a lack of data about
efficacy of any of the four components that would provide evidence that these approaches lead to
intended ER effects. Practically, this is likely due to several properties of the existing studies and
systems: First, given the early stage of most HCI research to date, there is a lack of robust, hi-fidelity
prototypes that can be deployed in controlled or RCT style studies. Only nine articles (e.g., [5, 21, 31,
51] were classified as late stage in which systems were ready for widespread deployment. Second,
of the 25 articles that did have a focus on intervention efficacy, few had outcome measures based
on ability to select and implement (or monitor) specific ER targets (exceptions [5, 31, 81]). Other
measures often included pre-post test ratings related to stress, anxiety, and depression (e.g., [5, 51,
54, 81]), performance on follow-up tasks (e.g., [108]) and some studies also logged and analyzed
physiological data during sessions (e.g., [54, 56, 103, 104]). Lastly, evaluation methodologies rarely
included experimental designs, with only 4 field-based experimental studies [4, 5, 31, 51] and two
RCTs [81, 104]. Instead, the methodologies relied on observational (e.g., [54, 56]) or various forms
of comparative designs (e.g., [89, 103, 103]).

More broadly, moving from innovation to efficacy testing is a common challenge across HCI
research (cf., [80]), with a combination of two systemic factors seemingly at play: first is the
difficulty—and cost—of resourcing a full development from inception to prototypes to robust, large
scale deployments that would be necessary for testing efficacy. Second, given the premium value
placed on innovation and quick publication cycles, HCI researchers are perhaps less motivated to
run extensive and often slow validation studies (cf., the clinical psychology field where it is not un-
common for studies to take 2-3 years before any data is written up) and often can struggle to receive
funding to so (as such studies might be too ‘mundane’ for technology funders while being and too
‘risky’ and un-tethered for psychology). However, as HCI moves into the clinical and health space,
there is a need to address these issues on both practical and systemic levels — see [22] and [12]
for analogous arguments in technology-enabled (mental) health interventions more broadly, and
the suggested opportunities for research in the emotional regulation intervention space outlined
in Section 5.3 below.

We note that focus on early system evaluation through collecting process measures is one pos-
sible approach that can practically address some of the challenges above while fitting into rela-
tively traditional HCI deployment studies. One of the benefits of including process measures is
that they can be used to assess the validity of the theory of change and related logic model in early
deployments, such as through optimisation and micro-RCT studies used in behaviour change re-
search [18, 49]. However, such approaches were still noticeably missing from the work so far (with
the exception of [89]). In particular, although many early stage studies explored process outcomes
related to interactional design (e.g., interpretation of different modalities of data representation),
only few included any type of process outcomes that might indicate to ER effects, such as perceived
psychological impact of the intervention [88] or learning trajectories [4]. Examination of both psy-
chologically valid outcome and process measures related to learning, mastering, and deploying ER
strategies in real world situations is another promising area for future work.

5.2 Research Gaps - Intervention Delivery Mechanisms & Their Implementation
Perspective

Another approach to identifying promising future work directions is in foregrounding the design
considerations around plausible intervention delivery mechanisms: i.e., what do we not yet know
about the possibly innovative ways in which ER intervention components could be delivered to
our populations? What are the novel approaches to supporting the hows, and the wheres/whens?
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In what follows, we again highlight what we see as the most interesting questions, separated
according to the delivery mechanism types as identified in the strategy part of the framework
(cf., Section 3.4). Each of the paragraphs starts with a reminder of the definition for the respective
components, and follows up with the corresponding gaps in existing literature.

5.2.1 Didactic. These components focus on the delivery of information and supporting its con-
scious application, even if it is not immediately done within the targeted social-emotional context.

(1) Most of the systems focus on information delivery, but far fewer technology-enabled ap-
proaches are available for supporting users to put these into practice, whether that is within
real-world situations or within out-of-context practice examples. For example, can technol-
ogy provide step-by-step (but still meaningful) scaffolding to practice newly trained skills?
What would it mean to re-design the existing reflection support to provide more direct inter-
vention support, moving beyond simple self-awareness or pattern detection (e.g., emerging
EMA-as-intervention approaches [8])?

(2) We lack research on innovative approaches to information delivery that would embed didactic
learning into participants’ lives (rather than relying on traditional module-based delivery
or simple reminders). For example, how might technology help decompose/personalise the
existing cognitive modules into bite-sized pieces, e.g., for the learning to be accessed based
on immediate need? How might existing/new HCI techniques draw on traditional role-play
techniques to amplify the learning of ER skills (e.g., story-based learning, embodied games,
engaging fictional worlds & narrative)?

5.2.2  Experiential. These components focus on mediating the first-hand experience of applying
a specific emotion regulation strategy. In other words, such components provide scaffolding in
support of the performative aspects of skills development.

(1) We have yet to see research on how performative aspects of well-known adaptive ER strategies
(such as cognitive change, attentional deployment or even situation modification) could be
experientially supported through interactive technologies. For example, how might cognitive
reappraisal practice be supported through a digital system (e.g., through scaffolded narrative
experiences, ongoing reflection, or other ideas?). What would be alternative interaction de-
sign mechanisms to provide experiential support beyond bio-feedback or on-body haptics?

(2) As a related aspect, we so far lack research on how technology could directly scaffold and/or
guide users through the emotion regulation experience. For example, how might we apply
known (or envision new) interaction design mechanisms to guide users through emotional
experience trajectories [10, 96], rather than ‘just’ giving feedback on their emotional state?
How might these opportunities be supported through emerging interaction techniques such
as embodied games [45, 46], digital arts [10], or mixed reality devices?

5.2.3 Offline. The main characteristic of offline intervention components is that they aim to
support development of emotion regulation strategies in deliberate training contexts rather than
in daily life. The trained skills are then expected to be transferred into everyday situations where
strong emotions naturally arise.

(1) Existing work draws on a very limited range of interactive training contexts: so far, the systems
are limited to either (stress-inducing) video games or relaxation support. For example, how
might we utilise technologies such as VR, tangible devices, or interactive arts to facilitate
emotion regulation training loops in a broader range of emotional/social contexts (including
attention/cognitive reappraisal techniques)? What would it mean to draw on multiplayer
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experiences to enable new ways of experiencing/scaffolding emotion regulation techniques,
whether that is in a game, virtual/mixed reality, or as an asynchronous interaction?

(2) Similarly to much of behaviour change literature, existing systems lack innovative techniques
to scaffold effective psychoeducation, beyond the in-person techniques that are already well-
established in clinical work. For example, how might offline design components such as bio-
feedback be effectively coupled with (interactive) psychoeducation approaches? How could
these be transformed to directly guide support user’s sense making and learning from data
collected in-situ (as such insights are often at core of psychoeducation approaches)? And
finally, how might such systems be designed to specifically support training of individual
stages of the ER process that have been so far under-represented in the current work (e.g.,
identification or monitoring)?

5.2.4 On-the-spot. These components aim to train emotion regulation strategies during natu-
rally occurring emotional situations (e.g., stressful events in daily life). Therefore, the skills prac-
tised are immediately applied to the specific emotional situation, as mediated by the technological
or in-person intervention; and—what is crucial—no further transfer of skills is expected or needed.

(1) In contrast to the other three delivery mechanisms, we see a large range of potential tech-
niques used (user/system/situation-specific; ongoing/discrete) but in effect, none of the existing
interaction designs is explored in depth. How might we better understand the benefits/costs
of individual approaches in terms of learning impacts (e.g., when is it better to rely on user-
vs system-initiated components, and when is a combination required?)

(2) At the same time, on-the-spot components are so far relatively limited in the types of spe-
cific technological mechanisms used and emotional processes supported: these are predomi-
nantly either simple reminders (‘remember to reappraise your emotions’) or some form of
(on-body) haptic feedback. What other forms of on-the-spot delivery are feasible? Especially,
how could we use interactive technologies to embed support for ER skill application into
moments of heightened emotional experiences in everyday life (e.g., similarly to the atten-
tion/response modulation impact of the Smart toys research stream [88, 97])? How might
new systems utilise social interaction (for better/worse) to support emotion regulation prac-
tice, considering that most of our day-to-day interaction is in dyadic/group systems (e.g.,
families, households, friendship groups environments)?

5.3 Guiding the Interdisciplinary Community Development

Finally, we discuss how the framework can support the emerging research community around
technology-enabled emotion regulation in thinking about the field.

We argue that—within such an inherently interdisciplinary space—it is important to support re-
searchers and practitioners across the full scale from mostly HCI contributions (e.g., exciting tech-
nology innovation with potential downstream ER impacts) to mostly psychological contributions
(e.g., measuring psychological impact of robust intervention systems tested in large scale deploy-
ments).®

As an example, we outline one possible way of structuring our thinking of such progression be-
low, recognising the importance of research engagement at all levels of interest, resources, and re-
search goals—with the framework providing a common language and conceptual structure across
a range of technological/design readiness. We have added prospective HCI conference venues to
further illustrate the type of work one might imagine being produced at each of the levels.

%See, e.g., [22] for an analogous process in the context of online-CBT research in the last two decades!
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(L1) theory-informed intervention component development
(UIST, UbiComp, DIS, CHI)
i.e., focus on technology/ design innovation and exploration, but with a framework helping to
infuse psychology theory into HCI design of potential intervention delivery mechanisms

(L2) focused investigation of supporting specific ER strategies
(DIS, CHI)
i.e., focus on re-envisioning/validating mechanism implementations from prior level to under-
stand their impact on ER targets, without necessarily developing a full intervention

(L3) combining existing design components into possible real-world interventions
(CHI, CSCW, JMIR)
i.e., utilising successful implementations of delivery mechanisms in new ways, with the focus
on understanding appropriation and potential for real-world impact

(L4) understanding for whom, where, and how proposed interventions work
(CHI, JMIR, main-stream psychology journals such as Lancet Digital Health)
i.e., focus on efficacy and effectiveness data, including large-scale randomised trials and policy
implications

In each of these levels, the framework can orient HCI designers to the key design choices even
if they are not psychology experts; and in the later stages, can help orient psychology researchers
to the capabilities of technologies without requiring substantial interaction design knowledge.

In particular, we see the framework’s separation of the ‘whats’, ‘whens/wheres’, and ‘hows’ as
guiding HCI researchers in: (i) selecting appropriate ER targets and outcome measures as relevant
for the granularity level (i.e., ‘whats’); (ii) building on each other’s work as well as positioning
it within the broader community (i.e., within the ‘whens’ and ‘hows’); (iii) inspiring innovation
through facilitating re-use and appropriation of interaction design components across contexts
into effective interventions; and finally, (iv) progressively facilitating the transition of promising
research prototypes from HCI into the hands of the psychology community, including large-scale
real-world intervention deployments.

In addition, the modularity inherent in the framework—e.g., thinking about technology com-
ponents as implementing particular delivery mechanisms as part of the strategic whole—could
promote better findings and transferability between what would be seen as the focus of different
communities (e.g., those publishing in UIST vs. JMIR).

6 CONCLUSIONS

The main aim of this work is to help combine innovative HCI intervention approaches with
substantial knowledge about the fundamental emotion regulation models from psychology. The
proposed framework is then a way of synthesising the key aspects: encapsulating the psychology
fundamentals (theory component, Section 2); articulating plausible technology-enabled delivery
mechanisms that could be supported by innovative technologies (strategic component, Section 3),
as well as the understanding of what has been done so far within HCI (practical component,
Section 4). Finally, Section 5 highlights how such considerations can also help shape future
research at the intersection of the HCI and psychology fields.

Overall, it is our hope that the HCI research community can draw on the three parts of the
framework—theory, strategic, practical—and the associated research agenda to support research
at differing scale of granularity: from helping guide the overall research field as well as individ-
ual research programmes, to supporting specific design projects. On the research field level, the
framework aims to provide a common language and conceptual structure to connect research
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work across a range of technological/design readiness; and to enable rich discussions about the
key research questions we—as an interdisciplinary community—should aim to address.

On the individual research programme level, we expect that individual researchers might most
benefit from the practical framework component to help identify any remaining gaps in existing
work, while positioning their work in the broader field with the help of the theory and strategic
components. For example, a Principal investigator (PI) identifies the relative lack of technology-
enabled support for cognitive reappraisal (e.g., in contrast to response modulation), and is inter-
ested in understanding whether/how such interventions could be developed in VR (which is also
missing from existing literature and the PI has expertise in).

Finally, on the specific study level, the framework can both help sharpen the research question
(in terms of specific gaps), while also enabling the PI to re-use and appropriate helpful techniques
from across the fields. For example, to continue with the cognitive reappraisal in VR narrative from
above, a PI could use the framework as follows:

— The theory component guides the team in picking the respective ER target (e.g., specific
cognitive reappraisal techniques to train) and outcome measures from previous experimental
work in psychology.

— The strategic component helps systematise design decisions around the plausible delivery
mechanisms (e.g., deciding to include a combination of offline, experiential, and didactic
components).

— The practical component then helps identify specific design choices: for example, the PI
might choose to include a didactic psychoeducation component (inspired by prior DBT in-
tervention) as an entry into the newly developed offline VR experience (core contribution
of the project), with experiential support through biofeedback (re-using some biofeedback
mechanisms from a game-based prior work) and emotional narrative experiences (also a
core contribution, by re-purposing vignettes from therapy into immersive VR experience).

Itis work across all these levels that is needed to help turn the current emerging interdisciplinary
interest into a coherent body of research with the potential for delivering substantial real-world
impacts on people’s lives; and we hope this paper can invite, motivate, and support researchers
from across HCI and psychology to join in on this journey.

APPENDICES
1 SCOPING REVIEW OF EXISTING HCI SYSTEMS/INTERVENTION TARGETING ER

In this Appendix we provide a detailed synthesis through a scoping review of research done in HCI
related to the develop of interactive technologically-based interventions that support learning, de-
velopment, and practice of emotion regulation with adults and/or children. Overall, the main focus
was to identify and code most if not all existing HCI work in terms of the psychological mecha-
nisms behind the interventions (where possible), in addition to the more commonly addressed
aspects (e.g., type of technology used).

1.1 Scoping Review Methodology

Specifically, we chose a scoping review methodology to develop a detailed synthesis of the type
and range of studies available on this emerging topic in digital mental health [6]: such approach
is appropriate to identify the types of evidence available for a topic (which may be split across
several fields, or subfields of HCI in our case), to examine how research has been conducted, and
to identity knowledge gaps, which is in alignment with our aims. A scoping review is conducted
using a systematic procedure, which can be replicated and often aims identify knowledge gaps [67].
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The full coded database of papers as well as the R code used for analysis will be made available
through the Open Science Framework.

This approach enabled us to synthesise high level themes related to the kinds of research that has
been done related to interactive technology development for learning, developing, or practising
ER, with a specific focus on research with an end goal of creating ER interventions. The results
of our scoping review provided a synthesis of research to date, serving as a foundation for our
analysis of the four delivery mechanisms we focus in our framework (Section 4) and enabling
us to highlight gaps or opportunities for HCI, which we discussed in Section 5 of this paper. We
present the detailed scoping review methods and results here as context for our paper and for
those interested in more information or getting an overview of the current state of the field.

Selection and Filtering: We conducted a literature review that targeted full papers and notes as
well as high quality works-in-progress that were published in top venues in HCL. We targeted
the ACM digital library, IEEE databases and used Google Scholar to search for papers published
between January 1 2009 and December 8 2021. Our keyword search criteria were ‘interactive tech-
nology” (i.e., involved human-computer interaction) and one or more of ‘emotion regulation’ or
‘self-regulation’or ‘stress’or ‘stress-regulation’. The search resulted in 5,574 papers. We then con-
ducted two passes of filtering (see Figure 9) based on title and keywords, excluding papers that
were non-English, duplicates, review papers and/or did not address human emotion-regulation,
leaving 333 papers.

During the third and fourth passes of filtering, we scanned abstracts and/or full texts and ex-
cluded papers that did not involve an interactive technology (e.g. described a study with no digital
technology or with a non-interactive technology) and reviewed publication venues, removing non-
peer reviewed papers and papers that were published in non-international publications, leaving
130 papers. In the fifth and sixth passes of filtering we reviewed the full text and excluded papers
that did not include an evaluation or a user study of any kind or did not include any information
that could be used to identify one or more intervention mechanisms, leaving 52 papers. Finally, we
conducted a seventh pass in which we read the full text and excluded papers where the end-goal
of the research was not an emotion regulation intervention (resulting in 36 papers), which was
necessary for the follow-up analysis described in Section 4. This is the dataset that we report on
in both Section 4 and in this Appendix.

Inductive Analysis Process. Our analysis process followed an inductive interpretive analysis pro-
cess, similar to open coding in grounded theory [20], since we did not have an established analytical
framework for coding the articless that were selected in our scoping review [6]. In this process,
we iteratively identified themes or dimensions, which describe the research papers from different
perspectives. For each dimension we iteratively and comparatively developed and defined cate-
gories, resulting in the development of a codebook, which we then used to code the entire dataset.
We used our research goals and focus on ER interventions to structure this inductive and iterative
process, beginning with the two researchers (first and last authors) working together to identity
the six dimensions of the analysis framework, as described above. The dimensions were derived
after reading through a quarter of the articles and skimming many others. We worked individually
and then together to derive the following six dimensions:

We included the (1) type of technology dimension because it enabled us to take a snapshot of
the kinds of hardware (e.g., platform, input, output) currently being used to create systems used
in ER intervention research in HCL. We also examined where each research study fell on a typical
research (2) stage in research lifecycle (i.e., early, mid, late stage), which helped us characterize the
maturity of each study and better understand current state of the field. Third, we described the
underlying (3) HCI research focus by coding clusters of HCI research, each representing different
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Fig. 9. Flow diagram of paper selection process.

theoretical, methodological and interdisciplinary traditions found in HCI research as applied to ER
intervention context. To explicitly capture the psychological components of interventions, we then
coded for (4) the intervention mechanism — that is the psychological ‘theory of change’ through
which the intervention is assumed to affect emotion regulation (e.g. Reminders, Biofeedback);
(5) the level of specificity of that mechanism (i.e., high, medium, low); and the intended use case
(6) ongoing vs skill-development support, i.e., whether the intervention was designed to be used
indefinitely (and effects would disappear if taken away), or aimed as a temporary scaffolding for
skills development. The last dimension is particularly important given the ramifications for the
long term effectiveness of interventions, as well as the learning theories underpinning the inter-
vention designs.

Once dimensions were identified, the dataset analysis phase consisted of two of the researchers
working inductively to iteratively to develop initial categories and coding rules for each of the
six dimensions. This was done during individual and shared analysis sessions, each focusing on a
subset of the dimensions (e.g., (3) HCI focus and (4) intervention mechanism), over a small subset
of papers. Once categories were defined, the researchers then individually reviewed and coded
about 25% of the papers across all six dimensions, together reconciling, revising and finalizing
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descriptions of categories and coding rules for each of the categories. This codebook was finalised
after we had read and analyzed about half the papers, at which we had well-defined dimension
categories and stable coding schemes for each dimension.

As such, the resulting categories within each of the dimensions have predominantly emerged
from the data and are thus presented together with the results overview below. We also coded (7)
the extent to which each system relied on in-the-moment (on-the-spot) vs. out-of-context (offline)
training; and cognitive (didactic) vs experiential (experiential) learning; these results are addressed
in detail in Section 4.3 rather than here as they are core to our framework.

1.2 Results

Overall the papers are comprised of 36 peer-reviewed papers, split 63.9% ACM, and 19.4% IEEE
databases, with the remaining 16.7% available through Google Scholar. In what follows, we first
outline the results for each of the dimensions separately, and then highlight some of the arising
connections. Each section starts with an overview of how the categories within a dimension are
represented in the dataset.

1.2.1  Type of Technology. We classified papers by the type of hardware technologies used to
implement prototypes or systems. The classification was not mutually exclusive, as some systems
involved several technologies (i.e., more than one platform, input and/or output device); however
it provides a snapshot of the kinds of technologies currently being used in to create ER interven-
tions in HCI research. The most common platforms were mobile devices (16) and desktop or laptop
computers (11), with several other devices such as smart watches (4), and bespoke embedded com-
puting prototypes (10). Seven papers described systems that were an assembly involving custom
hardware (i.e. system was custom-made assembly of devices and electronic parts), the remainder
of papers involved systems created from combining one or more commercially available devices.
The sensor(s)—connected to the main platform for systems—included a variety of biosensors (e.g.
respiratory, HR, EMD, EEG, GSR sensors) and non-screen based output devices(s) which included
VR headsets, tangible fidget, lamp display, haptic seat pad).

1.2.2  Stage of Research. HCI investigations may take place over a broad ‘lifecycle’ of design
research, spanning from early design explorations to large-scale in-the-wild studies. We classified
papers based on where the described interventions were on this research trajectory. To simplify
matters, we coded the papers as early, mid, or late stage. This qualitative assessment incorporated
a range of factors, spanning the research questions addressed by paper authors (e.g., examining
viability of a new design concept or form factor, versus efficacy evaluation of robust systems); the
purpose and methodology of the evaluation (formative vs summative study designs); as well as
the robustness of the examined prototype (e.g., testing a component of a future-envisioned system
in-lab, versus in-situ deployments of robust full system implementation).

Specifically, the 13 papers we coded as early stage research focused on the design of prototypes
and formative evaluations. The 14 articles coded as mid-stage research focused on iterative design
and evaluation of more complex and/or robust prototypes with formative or summative evalua-
tions. Finally, the 9 papers coded late stage research involved hi-fidelity, robust research systems
that were ready for wide-spread deployment and summative evaluations in lab or field studies.

1.2.3  HCI Research Focus. The papers in the data set differed markedly in their theoretical
grounding (from post-positivist to critical design) and the contributions they attempt to make
(e.g., from verifying intervention efficacy to introducing innovative design ideas). The resulting
two main groupings reflect a traditional HCI focus on evaluation, and a design oriented approach
to research. Example papers are as follows:
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— Intervention Efficacy Research (n = 26) involves research in which the focus and motivation
are on evaluating the effectiveness of a technology-mediated intervention in terms of
improving learning, developing or practicing ER in a variety of contexts (e.g., lab, home, ev-
eryday activities). Of these most papers were mid to late stage research, with the exceptions
tended to focus on early stage feasibility studies (e.g., [25, 52, 88]. The evaluations were split
across all intervention mechanisms described below in Section 1.2.4, including Awareness
(5), Physiological Synchronization (3), Reminder and Recommendations (6), Biofeedback
(10) and Other (2): In studies of systems based on mechanisms of Awareness, Physiological
Synchronization and R&R, research designs tended towards mixed measures observational
studies. While the results of many of these studies were largely positive, the measures
used typically focused on end-users’ ability to use and understand the systems involved
in interventions, rather than evaluating changes in skills development around ER. Most
evaluations resulted in findings related to the need to change aspects of the design of the
intervention.

Biofeedback-based interventions tended to be evaluated at a higher level of rigor. Those
at mid or late-stage were either observational studies (e.g., [54, 56]) or various forms of
comparative (e.g. [89, 103, 103]) or controlled experiments (e.g., [5, 51, 108]). There were
two RCTs [81, 104]. Measures often included pre-post test ratings related to stress, anxiety,
and depression (e.g., [5, 51, 54, 81]), performance on follow-up tasks (e.g., [108]) and some
studies also logged and analyzed physiological data during sessions (e.g., [54, 56, 103, 104]).
In many of these studies participants were often children with ER challenges (e.g., ADHD,
anxiety, fetal alcohol syndrome). In general, results were often mixed with positive evidence
related to showing a direct impact of the intervention on participant’s ability to regulate
stress and/or anxiety during the intervention (for an exception see [81]). However, lack
of controls, short duration of interventions and/or lack of direct measures of ER skills
development measures outside of the intervention limit validity and generalizability. Only
two studies measured transfer of ER skills into everyday life or administered a follow-up
test to determine maintenance of effects [4, 5].

— Design Oriented Modality Research (n = 10) involved work in which the focus and motivation
were on exploring the impact of different modalities of input and output on user perception,
engagement and/or other UX-focused measures. These design oriented articles were
entirely early to mid-stage research. Out of these, several papers focused on comparing
different forms of outputs to support physiological synchronization, including a comparison
of placement for haptic actuators representing heart rate [61], and comparisons of different
representations of breath (e.g., haptic versus voice [72]; tactile versus visual and audi-
tory [15]; pacing [65]). Several other papers investigated modalities utilized in biofeedback
systems, including the use of visual metaphoric representations of stress over time [107], the
interplay of breath and heart rate with tangible and light outputs [53], a comparison of differ-
ent physiological inputs [73] and exploring the timing and duration of feedback [74]. These
types of explorations are necessary to understand the impact of design decisions on user
experience as part of the iterative development of systems that can be used interventions.

While we did not include these as separate categories, some of the papers also mentioned
the importance of personalization, for example of design choices relative to placement of
haptic actuators [61]) or triggers for recommendations [71]. Similarly, other articles mention
the importance of social factors as a secondary considerations, for example, the importance
of facilitator rapport is cited as a key factor leading to positive results in a biofeedback
intervention for children [5] and teacher created content for interventions [25]. The role
of physical artefacts for scaffolding for parent-child interactions to bridge SEL learning
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from school to home was explored in [87]. These and other studies suggest the benefits and
importance of considering the personal and social landscape of ER interventions, an area
that is currently under-represented in HCI research.

1.2.4  Intervention Mechanisms. Complementary to the HCI research focus categorisation, the
coding of the intervention mechanisms aims to identify the commonly occurring psychological
mechanisms that the technology-enabled ER intervention work relied on. The purpose is to high-
light the importance of the theoretical grounding used explicitly or assumed as part of the interven-
tion design interventions, as well as identify the commonalities and differences across the varied
interventions in our dataset.

— Biofeedback (n = 14) Biofeedback was the most commonly used intervention mechanism. Sys-
tems created with this model all assume that users will try to consciously or unconsciously
modify their behavior as a means to alter their physiological or neurological state closer to a
target state. Papers vary in terms of input data source, which may be sensed physiologically
(e.g., HVR [107]) or neurologically (e.g., EEG [4, 5, 56]). Several papers compare input Modal-
ities related to biofeedback design (e.g., [73, 74]), and others explore output representations
(e.g., light [107]). Most biofeedback systems are PC-based, however three systems were de-
signed for mobile use [4, 5, 108]. There is a group of papers in which biofeedback is embedded
into video games as a means to practice ER in the context of game-play (e.g., [54, 56, 81, 103]),
when these interventions are evaluated for efficacy, research design choices (e.g., lack of con-
trol group, no direct measures of ER) often limited validity and/or generalizability of results.
Some interventions explicitly provided support to end-users to learn how to modify regu-
latory responses (e.g., [4, 5, 51], but most relied on user’s ability to interpret visual forms
of feedback and use that to regulate mental or emotional states. For example, in biofeed-
back video games, bio-data impacts game mechanics that are communicated to the player
through dynamic visual representations (e.g., [56, 81, 103]). Other biofeedback systems use
visual representations based on metaphor theory (e.g., [4, 5]) that provide metaphor-based
cues to how to modify mental and/or emotional states. Over time the goal of biofeedback
is to learn and practice emotion-regulation, with and without the support of a system until
emotion-regulatory behavior becomes increasingly more implicit or automated. Few authors
describe explicitly how this transfer might occur (e.g., [4, 5, 74]). For example, interventions
included biofeedback and psycho-education were proposed as a means to improve learning
to modify emotional state and transfer those skills to everyday life (e.g., [4, 5, 51]). Most
authors did not address learning transfer.

— Physiological synchronization (n = 7) papers were based on a system designed based on the
mechanism of automatic and implicit emotion regulation that may occur when the individ-
ual perceives an external input that mimics their own biosignals (e.g., the ‘false heart-rate
feedback’ studies emerging since the 60s [99]). Many papers explored the use of haptic
representations to prompt a target breath or heart rate (e.g., while driving [9, 72], through
a smartwatch [15, 21] or wearable custom device [61]). Overall, this research area is still
in early stages in terms of design choices that might effectively duplicate human-human
physiological synchronization as a means to support ER. And, as Choi and Ishii point
out, the success of this approach may depends on the individual’s level of sensitivity of
interoceptive awareness of their own internal body states related to motion and stress [15].
In addition, although this approach could result in automatic down-regulation of stress
through heart or breath rates, the approach does not posit a mechanism for the explicit
development of competency around emotion regulation over time, which could be sustained
without the system needing to remain active.
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— Awareness (n = 5) papers involved monitoring and tracking individuals’ data as a means to
increase user’s awareness of their emotional state(s). Input data was gathered from contex-
tual data (e.g., location [44]) or from self-report, which was entered manually (e.g., diary [7])
and/or from sensors (e.g. smartwatch [103], multi-sensor wristband [52]). Displays of infor-
mation take a variety of forms, largely visual. An underlying assumption in this model is that
enhanced awareness will motivate users to take a proactive role in their own stress manage-
ment and/or that users will reflect on the information being provided to them and as a result
of that reflection change their future behaviours. However, none of these papers explore the
cause and effect relationship between being shown information and actually implementing
strategies for enhanced emotion regulation. In addition, none of the articles posit a mecha-
nism for the explicit development of competency around emotion regulation, although it is
possible that over time an individual might develop competency through repetitive practice.

— Reminders and/or Recommendation (n = 6) articles describe interventions that involve
reminders or recommendations to follow step-by-step instructions about how to enact emo-
tion regulation strategies. The articles vary in terms of the complexity of emotion regulation
strategies suggested. All systems highlight the need for customized reminders and recom-
mendations. These may be triggered based on manually entered self-reports [31, 89, 91] or
sensor-based data indicative of stress [71, 76] and/or through machine-learning application
designed to look for patterns over time [71]. Some systems involved content that was
customized by others (e.g., teachers, coaches) in terms of strategies [25] or in terms of
format (e.g., parents) [31]. Other content was more generic, for example content was based
on strategies from CBT matched to current emotional state [31]. All articles involved
evaluations, two at an early formative stage [25, 76], one during deployment as part of the
design process [71], and three in more formal deployment [31, 89, 91]. One key finding was
that for sensor-based push reminders and recommendations the timing rarely coincided
with the stressful event due to inaccuracies in biodata to represent stress. In addition, Pina
et al. suggested that in the moment of stress was not the best timing choice for deliver
of reminders and recommendations [76]. Findings suggest that manually entered data
self-reported data combined with customized and just-in-time content had a positive impact
over time (e.g. [31, 89]). No articles offer explicit mechanisms that might reduce the need
for reminders and recommendations over time.

— Other (n = 4) papers included the use of general relaxation exercises [14] and experience-
based interventions designed to provide end-users with the experience of emotion
regulation prior to learning how to consciously regulate [87, 88]. One paper presented a
system that was mechanisms agnostic, instead instantiating a range of mechanisms into the
intervention [71].

1.2.5 Specificity (of the Intervention Mechanism). In contrast to psychology research, where
outlining a clear ‘theory of change’ for the intervention is a key part of the peer review process, HCI
work often does not explicitly discuss the presumed causal pathways through which intervention
effects should emerge. To understand how this (lack of) good practice is present in the emotion
regulation intervention space, we coded the level of detail or specificity that was provided about
the assumed intervention mechanism and/or theory of change [34, 70].

We used a tripartite scale of low, moderate and high level of specificity depending on how clearly
and explicitly one or more mechanisms leading to improved emotion regulation were described in
the paper and how clearly and explicitly those mechanism(s) were linked to intervention elements
posited to create effects related to learning, developing or practicing ER skills. For example, a
coding of low would result if a theory of behavior change was described, typically in related work,
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but no explicit mechanisms were described that could be used to design the intervention. A coding
of high was used when one or more mechanisms were clearly explained and explicitly linked to
design decisions or elements of the intervention, typically technological elements. A paper was
coded as medium when the mechanisms were present but not well-described and/or the link to
design elements was weak.

Majority of the intervention mechanisms were described by authors in a low (n = 15) or medium
(n = 13) level or of detail. For example, in much of the modality-focused research, many authors
assume that the right form of input data linked to particular output representations may lead
to enhanced awareness of various aspects of emotion regulation, which in turn should improve
emotion regulation. In part, this is based on cognitive behavioral therapy in which awareness of
emotional state is posited as a key component of learning ER. However, causal mechanisms or
direct linkages for these claims are not described, nor are they already established in the HCI—or
psychology—literature. Similarly, much of the R&R rationale involves the assumption that giving
people the right advice at the right time will improve their ability to ER. While physiological syn-
chronization may lead to ER, there is no mechanism posited that relates this to the development
of self-regulation skills. Surprisingly, many of the biofeedback intervention mechanisms are also
under-specified in terms of how end-users are supposed to learn/know how to change their phys-
iological or neurological states.

Several successful interventions include multiple mechanisms that together are posited to re-
sult in both enacting and developing ER skills that transfer outside of the intervention. For ex-
ample, [4, 5, 51] describe one or more intervention mechanisms in a high level of detail, offering
direct explanations for causes and effects in emotion regulation skills development, and provide
explicit links from these mechanisms to design features and elements of the intervention, which
are subsequently evaluated for efficacy.

1.2.6  Use Cases: Skills Development vs Ongoing Support. A surprisingly strong majority of the
papers in the current data set (n = 31) assumes that the developed systems have to provide an
on-going support for the intervention to be effective; and thus the effects would disappear if the
system was removed. In contrast, only several (n = 5) interventions were designed to include a
way to scaffold or reduce end-user dependence on the intervention and/or specify an explicit trans-
fer mechanism that would enable the end-user to apply emotion regulation strategies outside of
the intervention. In [108] and [81], the authors proposed that using biofeedback games to teach
ER through breath regulation in stressful scenarios may promote carryover to other situations.
In [4] and [5] the intervention enabled children to directly experience ER through metaphor-based
biofeedback in the context of coached interventions that used a CBT approach to promote emotion-
regulation skill development and transfer. [87] proposed using a shared parent-child experience
around an interactive media, which included narrative hooks to ER strategies taught in school,
with the aim to provide parents with language around ER that could be referred to in everyday
moments.

2 HOW ARE THE IDENTIFIED DESIGN COMPONENTS COMBINED IN EXISTING
INTERVENTIONS?

The Section 4.3 synthesised the design components present in HCI work so far, with the aim to
decompose existing work and provide us with the ‘dictionary’ of techniques that have been utilised
for each of the four possible delivery mechanisms (didactic, experiential, offline, on-the-spot). This
appendix brings the focus back to the full interventions as presented in prior work to provide an
overview of how the identified components are combined into systems and identify any meaningful
patterns or gaps of such combinations across the current dataset.
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Fig. 10. Illustration of how the reviewed interventions are associated with the four delivery mechanisms —
didactic vs experiential; and offline vs on-the-spot. Numbers and location indicate the number of system
using components within the respective intersection of dimensions (e.g., a system using components coded
as didactic, on-the-spot, and offline would be placed in the appropriate intersection of the Venn diagram).
The annotation shows the resulting clustering of research areas, as described below.

The key arguments that we will be making in the rest of the section are as follows:

(1) The existing work is, so far, clearly separated into three main research areas (implicit on-
the-spot support, bio-feedback games, and reminders & awareness systems). These areas
are then mostly independent of each other — they draw on different background literature,
intervention goals, and technological components.

(2) As a result, the clusters also correspond surprisingly neatly to the combination of delivery
mechanisms used, as well as consistent combinations of design components within each
cluster (i.e., components used in one cluster—e.g., implicit feedback or recommenders—are
rarely utilised in other clusters).

(3) The lack of cross-cluster combinations suggest clear opportunities for future work as de-
scribed in detail in the next section: for example, there are several combinations of types of
intervention components that have not been explored at all so far; as well as more intricate
combinations of components that already exist.

In what follows, we briefly outline the existing research clusters we identified (see Figure 10) in
turn, as well as discuss the currently under-explored segments.

2.0.1 Cluster 1 - Implicit On-the-spot Support (Experiential + On-the-spot) — n = 11. The papers
in Cluster 1 comprise systems that explore assistive—often subconscious—down regulation inter-
ventions, which are supposed to be available to users alongside other activities. Systems in this
category predominantly rely on experiential implicit target components (n = 8), drawing on a digi-
tal representation of a target state (heart rate, breath rate). For example, many papers explore the
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use of haptic representations of breathing patterns or heart rate (e.g. embedded in driver’s seat
[9, 72], through a smartwatch [15, 21] or wearable custom device [61]). Other systems use audio to
communicate a target breath rate (e.g., [9]) or a combination of audio and visual representations on
a desktop [35]). Regardless of the target state, ongoing support was the most common on-the-spot
component: breathing rate was associated with the use of approaches that guide the users toward
an appropriate breathing rate through haptic sensations ([61] or visual cues ([35]), while heartrate
feedback was associated with approaches that tap into implicit emotion regulation approaches.
Most of this work relies on situation-specific intervention delivery, such as in the context of infor-
mation work ([65, 107]), or driving ([9, 72]), and targets nearly exclusively the response modulation
of the Gross’ Process model.

Three papers showcase the potential for using alternative components to deliver experiential/on-
the-spot interventions, predominantly by moving toward more consciously enacted emotion reg-
ulation strategies: [107] is aligned with the other work by also providing support alongside other
tasks, but relies on bio-feedback visualisation to inform participants about their ongoing internal
state during a specific task, without any other support for emotion regulation (i.e, targets iden-
tification rather than directly response modulation). In contrast, [53] and [88] developed physical
objects that the participants can choose to access when needed (user-initiated rather than situation-
specific delivery). In particular, Liang focused on respiration training through a fidget object in-
cluding biosensing (a combination of response modulation and emotion awareness) and Slovak’s
et al interactive toy then draws on a range of approaches (combining attention deployment with
in-situ response modulation and potential for cognitive change).

2.0.2  Cluster 2 - Bio-feedback in Interactive Games (Experiential + Offline +- Didactic) - n = 12.
The papers in this cluster predominantly draw on utilising experiential bio-feedback interventions
in games (n = 10), with some systems [4, 5, 51, 81] also adding didactic psychoeducation compo-
nents inspired or directly drawing on traditional psychotherapy (e.g, CBT in-person session with
a therapist combined with a bio-feedback game [51]).

In terms of the components used, most of the papers rely on the offline components that both
elicit emotion and scaffold the associated emotion regulation [54, 56, 73, 74, 81, 103, 108], utilising a
combination of interactive games (used to elicit mostly negative emotions such as stress or fear)
and an experiential real-time biofeedback loop component to provide feedback scaffolding ER train-
ing within the game space. Two systems [54, 81] developed bespoke games including therapeutic
techniques into the gameplay. However, the remaining system focused on ‘only’ adding biofeed-
back as an overlay onto existing games ([56, 73, 74, 103, 108]). For example, bio-data was designed
to impact game mechanics that are communicated to the player through dynamic visual repre-
sentations (e.g. [56, 81, 103]). The remaining systems drew on some version of relaxation training
components [4, 5, 51], where the systems utilised traditional biofeedback loop approaches with
simple game-like interactions to facilitate users’ down-regulation together with formal psychoe-
ducation intervention. These games relied on visual representations of the sensed physiological
states, using metaphors to visualise the sensed states (e.g., an increase in windy weather) as cues
to help modify mental and/or emotional states. Note that a key difference to the elicit&scaffold
model is in the lack of specific emotion generation aspect: the aim is to achieve relaxation (from
a baseline state, potentially employing strategies from psycho-education sessions), rather than
down-regulate strong emotional experience elicited by the intervention itself.

In terms of mapping onto the intervention targets from the Process Model of ER, the majority of
the game-based interventions are predominantly focused on response modulation techniques, with
reduction of breathing rate being the most commonly trained emotion regulation technique. In
addition, the interventions that include formal psychoeducation components are predominantly
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CBT based, and thus refer also to cognitive change techniques such as cognitive reappraisal. Most
of the interventions also do not provide direct support to transfer the learning from the game
(offline contexts) into the participants’ everyday environment (on-the-spot).

We note that two papers were exceptions to this overall trend, mostly as they did not describe
fully developed interventions: [104] is an experimental study comparing the effects of abdominal
breathing training (i.e., psychoeducation combined with bio-feedback or no support) on musicians’
anxiety in an adapted Trier Social Test; and [14], which is a design exploration of using a series
of simple relaxation games (without bio-feedback) to support children with autism (qualitatively
tested with 3 participants).

2.0.3 Cluster 3 — Recommender & Awareness Systems (Didactic + Offline || On-the-spot) — n = 13.
The work in this cluster combines the existing work on recommender and awareness and reflection
systems, potentially combined with either psycho-education or visualising patterns over time. The
papers are more diverse in terms of components used and their combinations in contrast to Clusters
1 & 2, but this also comes with a less well established groundwork on the assumed theories of
change: for example, only 2 out of the 12 papers [44, 89] were coded as High on intervention
model specificity - cf., Appendix 1.

Conceptually, the papers in this cluster can be divided into two main groups, depending on
the primary didactic component they rely on (aware&reflect vs recommender), with two sys-
tems having combined both these components [44, 89]. First, the systems including aware&reflect
[7, 44, 52, 89, 102] involved monitoring and tracking individuals’ emotions over time as a means
to increase user’s awareness of their emotional state(s). Input data was gathered mostly by par-
ticipants’ EMA reports, which were either self-initiated (‘user-initiated’ on-the-spot component
[44, 102]) or prompted by an automated system (‘system-initiated’ component, [7, 89]); and [52]
relied on an ongoing collection through a wearable sensor. These on-the-spot data collection com-
ponents were then mostly paired with a reflection interface (offline visualisation of patterns over
time) to enable the participants to gain new insights based on patterns emerging from the emo-
tional data aggregated over time [7, 44, 52, 102]. As such, most of this work is akin to—and likely
inspired by—HCI work on personal informatics systems (cf., [30]).

In contrast, the systems relying on recommenders provided the users with on-the-spot sugges-
tions of specific ER strategies to use [25, 31, 44, 71, 76, 89, 91]. The content of these recommenda-
tions either referred back to what the participants learned in offline psycho-education components
(mostly traditional talking therapies [31, 76, 89]), or ‘bite-sized’ suggestions that were delivered
directly as part of the reminder (e.g., activity suggestions in [25, 71, 91]). In most of these systems
the specific reminders were contextualised based on the participant’s EMA answer [44, 71, 89, 91]
or physiological sensing [76]. Conceptually, these systems often draw on behavioural change in-
tervention systems, especially the Just-in-time-adaptive-intervention literature (see e.g., [69] for a
recent review).

In terms of mapping intervention systems onto the intervention targets within the Process
Model of ER, the aware&reflect systems are primarily targeting a combination of self-awareness
and potentially situation selection components: e.g., noticing a pattern of negative emotion in a
particular situation is assumed to lead to the participant being less likely to engage with simi-
lar situations in future iterations. The recommender systems show a broader range of potential
intervention targets that are recommended and many refer to content from traditional talking
therapies: from situation selection (e.g., “go for a run!”) to cognitive change (e.g., “try to reappraise
your emotions”) to response modulation (e.g., “watch a funny video”). However, this breadth also
means that many potentially useful strategies are covered without sufficient depth, especially if
the on-the-spot recommendations do not rely on prior psychoeducation components.
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