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Abstract

Depression is an affective disorder with a range of cognitive biases and distortions,
which drives depression onset, development and maintenance. This PhD research
aims to support end users with non-clinical depression, by exploring the possibility of
mitigating a range of depression-associated impairments in autobiographical memory
processing (D-ABMs) through mobile applications.

Emerging psychological interventions targeting these disrupted D-ABMs issues
hold enormous potential of mitigating depression symptoms and thus been widely
explored in the field of psychology. However, they have received less support from HCI
research in depression . Current HCI work on digital interventions mainly support the
digitization of mainstream psychological interventions such as Cognitive Behavioural
Therapy (CBT) as it is acknowledged as the most evidence-based interventions, and
its pre-structured nature makes it easier to be transferred into digital app design.
However, the pre-defined nature of CBT related interventions can also bring various
limitations. Different to the pre-structured interventions such as CBT, D-ABMs
interventions hold promises in bringing more person-centric training content that are
more flexible to app users’ needs.

This thesis aims to explore the design space of mobile apps for D-ABMs. For
this purpose, first, I explored the key effective components in current depression
interventions while addressing D-ABMs, and analysed how they can inform the design
of apps for supporting these interventions. Then, I explored the combination of
app features to be included in the design of D-ABM apps, which can support these
therapeutic components. Finally, I investigated into an effective design method for
helping future designers of D-ABM apps to utilise the empirical findings gained from
this thesis work.

Overall, this thesis provides empirical exploration and design perspective that
demonstrate ways of adapting memory assistive technologies to support the mitigation
of depression associated cognitive dysfunctions and consequently alleviating depressive
symptoms. The work aims to draw attention to depression-associated cognitive
impairments as a less explored space in the filed of HCI, and to inspire HCI researchers
to develop novel classes of mobile-based technologies for addressing a wide range
of cognitive impairments that are associated depression. The contribution of this
thesis opens up new design opportunities for both memory assistive and depression
management technologies. The work aims to broaden the awareness of HCI researchers
of mental conditions that involve autobiographical memory impairments besides
episodic memory loss, such as depression, PTSD, or anxiety, which can be benefited
from memory technologies that tailored for each specific conditions.
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Chapter 1

Introduction

1.1 Research Rationale

With significant socioeconomic costs, depression is a major affective disorder impact-
ing over 300 million people worldwide [191]. Treatment of depression contributes
£105.2 billion of the annual budget spend on healthcare in England alone [190].
The demand for clinical interventions and everyday self-care strategies has increased
significantly for addressing the challenges raised by depression. However, the
treatment of depression is a long-term process and requires in-person treatments
with therapists, whilst individuals living with depression often experience a variety
of barriers to receive support [142]. These barriers may include, for example,
geographical location [24], time constraints [142], high treatment cost [142], and
low mental health literacy [24]. Additionally, people living with depression can be
reluctant to seek clinical treatment due to the stigma attached to mental illness [142,
24].

Digital apps can be a good support to expand the reach of treatments targeting
depression [158]. Prior studies have already shown a high user acceptance and
effectiveness of mobile-based interventions for depression [197, 168]. With over 90%
penetration [206], mobile phones can provide easier access to digital apps. These
mobile apps can provide cost-effective interventions to alleviate app users’ depressive
symptoms, and are particularly useful for accessing service users who cannot reach
professional treatments offline [94]. Additionally, digital apps provide an alternative
approach to access depression treatments in a private way with a minimal of human
interaction, which can reduce the fear of stigma in public spaces [196]. The number of
mobile apps offering treatments for depression has also been grown rapidly in recent
decades [134].

Depression is a mental health condition that involves distinctive impairments in
processing one’s emotional autobiographical memories [39, 86]. Such Depression-
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Chapter 1. Introduction 1.1. Research Rationale

associated Autobiographical Memory Impairments (D-ABMs) have a negative impact
on one’s cognitive abilities (e.g., social functioning [86] and problem solving [100]) and
can affect the onset, maintenance, and recurrence of depression [39, 16, 157]. Prior
research has shown that addressing D-ABMs can reduce symptoms of depression and
prevent relapse [39, 86]. There are several face-to-face treatments proven effective
in treating D-ABMs [86]. However, these treatments are currently mainly used in
lab-based settings and are not widely accessible to the general public. Mobile apps
can offer a potential way to make these treatments more accessible to a wider range
of populations living with depression.

Currently, little technology support has been developed to support D-ABMs
management. Mainstream Human–computer interaction (HCI) research focuses on
exploring prevention, detection, and treatment of mood disorders. Whilst most
apps available for depression focus on providing intervention techniques from highly
structured psychological treatments that target cognitive distortions. For instance,
Cognitive behavioural therapy (CBT) is the most evidence-based and the most used
psychological therapy for these apps for depression [36]. CBT mainly targets cognitive
distortions (e.g., thinking patterns), instead of cognitive impairments (e.g., memory
impairments). Only minor subsections of CBT involve the component that can
potentially address users’ impairments in processing self-memories (D-ABMs).

Albeit being one of the best-researched treatments, digital CBT has its own
limitation, such as lack of interactivity, personalization, and user engagement [36].
Such issues are caused by a variety of reasons, such as the lack of interpersonal
interaction while clients using an app without engaging with a human therapist,
which is a common drawback of self-help apps. Moreover, the structural nature
of CBT training protocol also involves a risk of high attrition rate in these online
interventions. This is because these digital apps provide precisely pre-defined digital
training content that are not flexible to app users’ individual needs. App users might
find it challenging to apply these rigid training content to their specific problems, and
consequently lose interest in completing the interventions [36].

Apps that deliver intervention techniques that target D-ABMs [39, 86] might hold
promises to introduce more personalized and interactive training content to improve
users’ engagement. This is because these interventions are more personal centric (e.g.,
particularly work with users’ self-memories). However, this domain has received less
attention from the HCI community.

Exploring the design space of mobile apps for D-ABMs is novel and promising.
However, it remains unclear what the key components are in depression interventions
for D-ABMs, and how they can inform the design of apps for supporting these
interventions. Besides, to develop depression apps that target D-ABMs, we need to
know what features are the best to include for addressing D-ABMs, and what other
features are also important to include for depression management. Finally, we need

2
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to investigate how to support the process of designing apps for addressing D-ABMs.

1.2 Research questions, Objective and Approach

The main research objective of this thesis is to explore how can we best design mobile
apps for ABMs impairments. In order to answer this question, first, we need to
understand the current best practices in addressing ABMs in depression. Therefore,
this thesis involves five explorative studies (see figure 1.1):

First, I conducted study 1 and study 2, which aims to explore and analysis the
current best practices about D-ABMs. Study 1 focuses on theoretical-based practices,
while study 2 focuses on practice-based practices. Study 1 builds up the foundation
of study 2, whose result will be used as key design requirements to guide the design
of apps that can support treatments for addressing D-ABMs.

Study 1 and 2 sets the foundation of following studies, which aims to explore
the best design of apps that can meet these requirements. This objective is then
approached from two directions in parallel. This includes: (a) study 3 and study
4 (figure 1.1, left), which explores the best design of depression app features for
supporting the needs of users living with D-ABMs, and (b) study 5 (figure 1.1, right),
which explores the best design process of apps for addressing D-ABMs.

The thesis seeks to answer the following three research questions (marked as RQ1,
RQ2(a), and RQ 2(b)):

RQ 1: What can we learn from the best practices of ABM-based interven-
tions in depression (both in theory and in practice?) How can current
psychological approaches (from laboratory and therapeutic practice)
inform the design of mobile-based technologies for D-ABMs?

Study 1 and 2 aims to identify and analyse current effective treatments for
treating D-ABMs. The analysis reveals the main types of D-ABMs addressed by
each treatment, and how each intervention treats the target D-ABMs. For this, I
first investigate current theory-based interventions in laboratory settings (study
1). Base on the result, I further explore the current practice-based approaches
in clinical settings (study 2).

More specifically, in study 1, I first investigate state-of-the-art clinical psychol-
ogy interventions (N=4) that are particularly designed for treating D-ABMs.
I then conduct study 2 to carry out expert interviews to collect depression
practitioners’ approaches with a specific focus on emotional memories. The
interviews were conducted with clinical-health professionals who have experience
of working with people living with depression (N=10).

3
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Figure 1.1: Overview of the thesis structure (How each research study answers each
research question)

4
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RQ 2 (a): Are there existing applications with features that are suitable to
address ABMs impairments? What are their gaps in sufficiently
addressing D-ABMs, and how to leverage these features for building
D-ABM apps?

Studies for answering this research question aim to identify the best design of
apps features for D-ABMs. This includes two app surveys being conducted
to explore the existing apps features that have potential to address D-ABMs
(study 3), and other important features that are suitable for global management
of depressive symptoms (study 4). More specifically, study 3 focuses on apps
features with the potential to address D-ABMs; and study 4 investigates general
component of depression apps.

RQ 2 (b): How can we facilitate the design process of apps for D-ABMs?

Study 5 aims to identify the best design process for designers to design apps
that can help manage D-ABMs in individuals with depression. Such design
process could then be used to best inform and equip designers with the necessary
knowledge and skills for designing for depression. For this, in study 5, I translate
specialist clinical psychology knowledge about D-ABMs into a design supporting
tool (i.e., design cards), and explore if and how such design supports can bridge
the theory-practice gap while generating theory-informed apps.

1.3 Thesis Outline

This thesis is structured into six chapters, Figure 1.2 provides a visual overview of
how each of the research chapters contributes to this PhD dissertation.

Chapter 2. Literature review
This chapter presents the relevant related literature, drawing from four relevant

research areas. First, it reviews the design of depression technologies, which includes
the research works targeting depression in the field of HCI and commercial apps
designed for managing depression.

Secondly, the chapter introduces the domain knowledge about depression and
its relationship with autobiographical deficits memory (D-ABMs). The D-ABMs
is considered a substantial component of cognitive impairments in depression and
is considered as a cardinal feature of affective disorders such as depression [39].
This is because depression is a mental health condition that results from cognition
biases and perturbations [16, 157] (e.g., having negative internal mental constructions
about the self, the world, and the future [16]), while D-ABMs serve to maintain
and consolidate this distorted cognitive foundation. Then, I review how are D-
ABMs related challenges can be addressed in various psychological domains. Through
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Chapter 1. Introduction 1.3. Thesis Outline

reviewing literature in the domain of clinical psychology and cognitive sciences, I
noticed that some treatments have been specifically designed to target D-ABMs and
hold promises for mitigating the symptoms of depression [86, 39].

Thirdly, the thesis reviews HCI work in memory augmented technologies, including
the memory impairments these technologies target, and functionalities provided by
these technologies.

Finally, the chapter identifies the current challenge of between depression-related
academic research and the actual HCI design practice.

Chapter 3. Methodology
The chapter describes an overview of the overall methodological framework, the

specific research methods and approaches that were used in each of the studies, and
how these methods were applied to each of the research studies that were conducted
in this thesis (including participant recruitment, data collection, and data analysis).

Chapter 4. Exploring the Design of Apps for Autobiographical Memory
Impairments in Depression

The chapter comprises two parts: 1) identifying requirements of app design, and
2) accessing existing app features. This includes four research studies conducted
and published as part of this PhD thesis. In part 1, study 1 and study 2 explore
design implications from uncovering the best practice in interventions that can treat
D-ABMs. In part 2, study 3 and study 4 explore the most effective app features in
existing apps with the potential to satisfy these implications.

Study 1 applies a content analysis method [59, 91] to analyse a range of selected
peer-reviewed literature of four cutting edge memory-based treatments that are proven
effective in alleviating depression with experimental evidence. The treatments were
selected from a recent meta-analysis of memory-based interventions for depression
[85]. Study 2 conducts in-depth interview sessions with ten experts of depression
treatments, with aim of exploring practice-based approaches that are more widely
used for treating depression in clinical settings.

Study 1 sets the foundation of study 2 by revealing the key memory challenges
that are being addressed by current experimental psychology treatments. Study 2
further evolves our understanding D-ABMs a nd their treatments, and motivates the
exploration of the main procedures within treatments for addressing these depression
related memory challenges. The results drive the design requirement of key features
for digital depression apps for D-ABMs. Such mobile apps can scale up the benefit of
these treatments to a wider range of potential service users with depression.

The outcome motivates studies in the follow studies that approach the design
space from two separate directions. This includes: accessing the best combination of
app features to support the design solutions proposed in study 2 (study 3 and 4), and
exploring ways of supporting designers to generate suitable design ideas of apps for
D-ABMs, informed by theories and design knowledge revealed in study 2 (study 5,
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see Chapter 5).
Both study 3 and 4 in part 2 apply systematic review method for analysing existing

apps. Study 3 reveals currently existing features that can be leveraged to address D-
ABMs. The features are extracted from memory apps that also target users living
with depression. Since D-ABMs in depression is a novel domain, there are not many
features to be explored. Consequently, study 4 reveals other existing features that are
useful for managing depression in a more global way. The features are extracted from
apps for depression.

The results lead to a discussion of ways of leveraging (e.g., what to include and
how to include) currently existing features of apps for addressing D-ABMs.

Chapter 5. Exploring the best design process of apps for D-ABMs
This chapter presents a further study that explores the best practice in supporting

the process of designing apps for D-ABMs. For this, I designed a toolkit to translate
the knowledge about depression and its memory deficits into HCI design and evaluated
the toolkit with 15 HCI design experts. The toolkit comprises a set of clinical
psychology theory-informed materials, designed to support designers’ understanding
and using of D-ABMs related theories while designing theory-informed apps for
depression. The design component of the toolkit comprises theory-informed persona,
scenario, theory cards, and the description of a matching workshop procedure that
guides designers to use the above design cards throughout their design practices.
Using this toolkit, study 5 explores how designers understand, adapt, and leverage the
domain knowledge presented in the materials during the design activities. The toolkit
deploying workshop was performed through a design sprint format, and I analysed
participants’ feedback through conducting in-depth interview with each participants.
The results drive a discussion about how to design such translational resources, to
support the use of complex theory (e.g., D-ABMs) in industry.

The work is drafted in a full-paper format with the aim of submitting to CHI 2022.
The full submission piece is attached in appendix E.

Chapter 6. Discussion and conclusion
This chapter summarizes the thesis work and synthesises the findings of the

review and studies to answer the research questions. The chapter also discusses the
limitations and future implications of this thesis work.

1.4 Contribution Statement

Through exploring three research questions outlined in the previous sections, this
thesis contributes to digital mental health research in the field of HCI. The primary
contribution of this work is the full exploration of the design space of mobile apps
for alleviating app-users’ depressive symptoms by addressing D-ABMs through app
usage. More specifically, the overall contribution can be broken down into a 2 parts:
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Figure 1.2: Overview of thesis structure (how each research study contributes to each
research chapter
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A framework for designing mobile apps to mitigate depression-associated
memory impairments.

Through analysing theory-based and practice-based approaches for treating D-
ABMs, the thesis explores key requirements to guide the design of apps that can
support or deliver these therapeutic approaches digitally. In addition, the thesis also
assesses features in existing apps to identify the best combination of features of D-
ABMs apps to support individuals living with depression.

Informed by these findings, the thesis provides design recommendations regarding
how to advance current mobile apps features to better satisfy the needs of users who
live with depression and its associated memory impairments. The thesis also generates
detailed guidelines to inform future designers how to provide safer and more effective
digitally-delivered treatments while designing for this vulnerable user group.

The exploration opens up two opportunities: 1) the thesis stresses the benefit of
designing memory technologies that are tailored to the distinctive challenge pose by
depression 2) the thesis suggests the potential of improving the user experience (e.g.,
user engagement, interactivity, personalization) depression technologies with more
person-centric intervention techniques.

A design toolkit to support designers’ adoption of psychology theories
into theory-informed app features.

The thesis contributes to the development and evaluation of a set of design toolkit
to effectively support the design process of digital applications for end users with D-
ABMs. The toolkit translates the design recommendations of this thesis, facilitates
HCI designers’ understanding of theories about D-ABMs, and supports designers in
creating theory-grounded digital apps. The evaluation of the toolkit investigates the
benefits and limitations of the toolkit in supporting designers’ understanding and
adaption of relevant psychology theories into actual design practice.
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Chapter 2

Literature review

This chapter provides a review of the current literature relating to current HCI
technologies for depression management, and psychological treatments in addressing
depression and its associated autobiographical memory impairments. This provides
an understanding of D-ABMs as a complex condition, and the potential for digitized
D-ABM treatments in advancing current mobile apps for depression management.

The chapter then reviews HCI work in memory augmented technologies, and their
current limitations in supporting autobiographical memory impairments. Following
this, the chapter identifies current challenge in developing HCI design that informed
by complex theories.

2.1 The Design of Technologies for Depression

2.1.1 Depression in HCI

Depression is a common mental disorder and affects more than 264 million people
worldwide [152], and is projected to be the globally leading cause of burden of disease
by 2030 [191]. Depression (at moderate or severe intensity) can lead to various
consequences (e.g., reduced cognitive function, withdrawal) and diminish individuals’
functioning at work, at school or at home [39, 152]. In the worst-case scenario,
depression can be life-threatening. According to the World Health Organisation
(WHO), depression causes eight hundred thousand deaths due to suicide every year
globally[152]. Depression is also identified as the second leading causes of death in
children, adolescents and youger adults(15-29 years old) [152].

Currently, accessing mental health support can be problematic due to several
acknowledged barriers, such as high treatment costs [191, 152, 142], time constraints
[142], low mental health awareness, stigma of receiving mental health support [142, 24,
29, 194], and geographical location [24]. Besides, there is a lack of clinical resources
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(e.g., trained healthcare professionals) for meeting the high demands of mental health
supports[152, 191]. The inequality of evidence-based services available for mental
health is staggering [109]. According to a research global mental health care in 2017
[193], while one out of five persons with depression receive minimally adequate care
in high income countries, only and one out of 27 can receive such care in lower-middle
income countries [193]. WHO are calling for actions to be taken on this matter [152].

Digital applications have the potential to lower the barrier of entry for individuals
living with depression to seek help. Besides, with over 90% worldwide penetration
of mobile devices [206], digital apps are easily scaleable. Prior studies indicate that
digital apps are particularly useful in reaching subgroup of users who are less likely to
seek professional support offline but can well accommodate mobile technologies well,
such as adolescents [73]. This is because digital apps can provide cheaper mental
health supports that are more cost-effective than traditional face-to-face interventions
for treating depression. Users can access mobile-based mental health support in
private setting with minimum daily disruptions, which can be more comfortable for
people living with stigma. Additionally, digital mental health supports can offer
flexible and targeted support that are specifically tailored to each user’s unique needs.
Prior work has already indicated a high user acceptance and effectiveness of mobile-
delivered interventions for depression [197, 168]. The global market of depression apps
has been growing rapidly [158, 134].

In the last decade, there has been a massive growth of research on designing
technologies for addressing various mental health needs [171]. In particular, research
in the field of HCI (Human Computer Interaction) has considered a range of systems
to support users living with depression. These are delivered through the design of
technologies for supporting depression diagnosis [42, 43, 200, 131], emotion regulation
[96, 41, 137, 146, 55], and treating depressive symptoms with structured long-term
interventions [208, 36, 35, 54, 166].

For instance, work on diagnosing depressive symptoms has focused on
analyzing online daily activities (e.g., Reddit [11, 43] , Twitter [42, 200], and Instagram
[132]) to detect depression (e.g., postpartum changes [43], suicidal ideation [43], self-
disclosure [11], severity of depression [200], and mental health issues in general [132]).

HCI work has also looked into mood regulation supports. For example, the
design of interactive devices for guiding mindful practices [41] with the aim of reducing
high-intensity negative emotions in the short-term [12]. Such interactive technologies
can also support the tracking of depressive symptoms [138]. This body of work
builds on positive psychology [92] to better support coping strategies (e.g., facilitating
emotional expression [154] or increasing social communication[210]), with the help of
lifelogging technologies [92].

In addition, the development of computerized psychological treatments for
depression has been explored by HCI research [36, 166]. Such interventions tend to
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include psychoeducation sessions, requiring users to complete a number of achievable
goals [35]. Historically, these psychological interventions are often based on highly
structured and goal-oriented psychological treatments such as Cognitive Behavioral
Therapy (CBT) or Solution Focused Therapy (SFT) [36]. Currently, CBT is one
of the most evidence-based and widely used approaches in both the clinical context
and in internet-delivered therapy [36, 35, 166]. CBT is currently as one of the first-
line treatment options for mild to moderate depression, especially in the UK [54].
Additionally, the the structured nature of the content of CBT and the goal-oriented
user journey can make it more amenable to be delivered via computer-based digital
systems [36].

However, this does not means CBT is the best intervention for all aspects that
contributes to depression developments. It should be noted that the reason why
CBT has the most extensive evidence base may be because of its structured and
goal-oriented nature [36]. Compared to other, more free-form therapies (e.g., person-
centered therapy), structured interventions like CBT may privilege with quantitative
based research methodologies (e.g., double blind Random Controlled Trials (RCT)),
and therefore it is easier for researchers to publish studies on their clinical validity.

In contrast to these clearly structured interventions, free-form therapies are
embedded in less positivist epistemologies. Researchers of these therapies tend to use
other research methodologies (e.g., qualitative research methods) for evaluating their
therapeutic benefits. Although these results can be seen as ’less evidence based’ by
the positivist community, these therapies still hold promises to effectively managing
depressive symptoms and complement the weaknesses of structured therapies. For
example, one longstanding challenge for e-Health programs like online CBT is their
high attrition rate [63], which typically defined as considerable number of users who
have started course of depression treatment but drop out before completing it [54].
Prior researchers of online CBT interventions call for strategies to reduce attrition,
as quitting treatment early may mean that some cognitive impairments remain and
raise the risk of relapse [39].

One effective way of addressing such issue is to improve users’ engagement
in digital interventions. An interesting possibility is to investigate solutions that
can provide more personal experience [54], which can be used inside or outside of
treatment. Research into digital depression treatments[54] has suggested a number of
strategies which might prove effective. For example, delivering more personalized
and multimodal content can make interventions more engaging. This highlights
the importance of digital interventions allowing users tailor their treatment path
according to their unique needs and preferences. In addition, providing multi-model
representation of treatment content has shown particular effectiveness in increasing
young people’s engagement with their treatment for depression. For example,
intervention courses can be delivered through modalities such as video [35], games

12



Chapter 2. Literature review 2.1. The Design of Technologies for Depression

[8, 35, 37], or conversation with embodied agents [67].
Prior researchers have suggested that clinical computer-aided treatment systems

can benefit a broad range of therapists in different treatment settings by providing
personalized treatments for addressing the individuals’ needs from various types of
clients [35]. There is thus an opportunity to support a range of person-focused
therapies by addressing common factors in depression. For example, Coyle and
colleagues [36] suggested including psychological therapies that focus on clients’ sense
of self and their life narrative. These interventions alleviate depression through
identifying individuals’ negative thinking patterns (or thought disruption) and helping
them work on challenging them. This suggests that future exploration of free-form
and person-centered interventions would be helpful, as these hold the promise to
improving users’ engagement with depression treatments [36]. We acknowledgement
that CBT is still the most evidence-based intervention and has widely used as first-line
treatment options for treating depression [54]. In the meantime, albeit the person-
focused interventions this thesis mainly investigates have shown promises in treating
depression, these interventions are still in experimental stage and requires further
evaluation.

Therefore, in this thesis, I do not aim to explore the possibilities for CBT to
completely replace the person-focus interventions, but rather explore ways to integrate
these interventions as additional, person-centric components to improve the overall
CBT treatments.

2.1.2 Commercial mobile applications for depression

The amount of commercial mobile applications (apps) targeting depression has been
growing rapidly [163, 158, 181]. These apps provide access to a range of interventions
in various contexts. Such mobile apps offer the potential to scale up the delivery
of depression interventions, and especially to reach to under-served populations in
need [158].

Mobile applications for depression management may provide a wide range of
supports.Many applications focus on screening to provide self-diagnosis using standard
depression test questionnaires such as the Patient Health Questionnaire [121, 112].
Applications that provide tracking functions may help users monitor their symptoms
of depression as part of depression intervention [125], or allow the self-monitoring of
moods, thoughts, or specific behavior patterns [75]. Depression apps also make use of
a variety of interventions to support app users, utilising theories such as CBT [120]
or positive psychology [187], or provides supports in emotional expression [6] and
psycho-education [95]. Another relevant category comprises mindfulness applications
which provide guided meditation [141], or breathing exercises [80]. These apps mainly
help app users to take notice of thoughts, feelings, and bodily sensations, which has
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showed major benefits for the health and well-being of people with depression [188].
These self-help exercises are mostly grounded in evidence-based interventions such as
CBT [178].

One of the latest guideline regulating mental healthcare apps [209] suggests
applications for mental healthcare should be developed with the close collaboration
of healthcare professionals. Additionally, before these apps are made available for
public use, the guidance suggests they should be assessed to make sure they follow
specific standards [51]. However, many commercial online interventions delivered
through mobile or web apps are not clearly evidence-based [181, 184] and lack clinical
evaluation. This is concerning as it may pose a risk for service users from receiving
less effective or even harmful approaches to regulate their depressive symptoms [171].

2.1.3 Session summary

Mental health is a rapidly growing research area within the Human-Computer
Interaction (HCI) community. Depression, as one of the major mental health
conditions with significant social costs, has especially raised significant challenges
for both HCI researchers and designers. In this subsection, I reviewed current HCI
academic works and commercial mobile apps for addressing the challenges depression
pose. This subsection provides a contextual description of depression , and highlights
the importance of studying into this domain.

2.2 Cognition and Depression

2.2.1 The cognitive model of depression

Depression can be characterised by a few cognitive difficulties such as mood fluctuation
and biases in processing information [72]. Cognitive theories of depression began to
emerge around half a century ago [72]. Several theoretical models have been proposed
for understanding the psychological mechanisms of the development of depression,
including onset, maintenance and recurrence [39, 52, 15]. This paper mainly draw
on a cognitive model proposed by Beck et al., [16, 15, 39, 52], which is one of the
most cited theories of the cognitive conceptualisations of depression. Beck’s cognitive
model proposes that depression results from two distinct cognitive characteristics: (1)
dysfunctional schema, (2) a consequent negative-biased style in information
processing [72, 16, 52, 39]. These two vulnerability factors for depression contribute
to onset, are presumed to endure after a depressive episode, and eventually can lead
to recurrence [72, 16, 15, 39, 52].

(1) Depression-associated dysfunctional schemas
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One’s self memories are closely associated with their core beliefs, or in other
word, their self-schema [133]. According to cognitive theories [52], individuals
constantly make cognitive sense of the world and their life experiences. Through
processing, understanding, and remembering different events, individuals or-
ganize their cognitive constructs, which constantly iterates during the human
development from childhood over years [52]. According to Beck [16, 72], people
tend to direct their attention towards information that is congruent with their
currently activated schemas, and filter out other stimuli from the environment.
For people with depression, negative schemas tend to get activated in response of
everyday adverse life events, which automatically produce attentional bias, and
negatively biased interpretation. The connections with the negatively oriented
schemas become strengthened over time [15, 72]. These negative constructions
about the self, the world and the future form dysfunctional schemas [52, 39]
that drive cognitive vulnerability [15] to depression [52, 39, 15].

Prior research has highlighted the interconnection between the formation of
depressive schemas [72, 16, 15, 39, 33, 31] and one’s Self-Memory System
(SMS) [31]. The SMS is a framework that often refereed by researchers in the
domain of memory theories for emphasizes the interconnectedness of self and
memory [31]. Beck’s cognitive model specifically posits that the depression-
associated negative schemas are likely to be activated by congruent life events
(e.g., unpleasant or even traumatic experiences) , thereby initiating a vicious
cycle of negative automatic thoughts and information processing, which in turns
further consolidates the negative schema, leading to depression. [39, 16, 15, 52,
72]. According to cognitive theories for depression [16, 15, 52, 39], negative
schema comprise a consistent, negative core self-belief, which drives a negative
form of memory reconstruction [39, 86]. In turn, this process then further
consolidates the negative schema thus maintaining the symptoms of depression
[39, 86].

According to Beck et al., [16, 15], a common theme found in depressed
individuals’ conscious cognition is having negative self-evaluations, negative
expectations and exaggerated, over-dramatic memories [15].

(2) Negative-biased information processing in depression

According to Beck [16, 15], when individuals experience everyday life events,
their negative-biased cognitive schemas lead to automatic information process-
ing. Such automatic process rapidly dominates a person’s cognitive resources,
which leads to involuntary negative attentional and interpretational bias. The
cognitive models of depression [16, 15, 72] emphasise that depressed individuals
exhibit cognitive biases in all aspects of information processing which contributes
to systematic negative bias in their processing of stimuli from the environment

15



Chapter 2. Literature review 2.2. Cognition and Depression

[16, 15, 52, 39, 72]. This distinct cognitive pattern is associate with two
types of cognitive dysfunction. These comprise[16, 15, 72] reduced cognitive
processing capacity in concentration and memory and preferential
recall of negative compared to positive materials [135].

(2, a) Reduced cognitive processing capacity in concentration and
memory recall.

As shown by prior experimental research [72, 203], individuals living
with depression do not show significant memory-bias in pure perceptual
processing (i.e., while being asked to count letters in emotional words),
as such processes are not associated and therefore not activating their
schemes during the tasks. However, a broad range of difficulties involving
concentration and memory processing are reported in prior literature [23].
For instance, evidence strongly suggests that depression involves distinct
impairments in processing autobiographical memories [23, 135, 72], such
as over-general memory recall. Such unique cognitive patterns lead to a
few distinct depression-associated impairments in one’s self-memory system
[23, 135, 72].

Over-general memory recall, also called as over-generalization, is where in
a form that depressed individuals tends to recall memories in an abstract
(instead of vivid or detailed) manner. These over-general memories
normally involve category style of memory recall. One popular explanation
for why people adopt this overgeneralized recall style is that it facilitates
emotional regulation which assists the person in coping with depression
[136]. More specifically, by retrieving these memories in a less specific
style individuals attempt to minimize negative affect attached to distressing
memories by blocking access to details of such memories.

In addition to the reduced cognitive abilities in concentration and memory
recall, people with a diagnosis of depression tend to concentrate on
negative-biased information [72, 39]. Individuals with depression are also
widely reported as easily focusing on negative self-focused thoughts, and
such people exhibit enhanced recall of negative material, especially when
expereincing negative mood [135, 72].

(2, b) Preferential negative material processing. Another distinct depression-
associated pattern is preferential processing of negative information,
material, or environmental stimuli [72, 16, 15]. In summary, people
with depression tend to interpret current or future events in a negative-
biased style, which is consistent with their negative self-schema (e.g., “I
am terrible, the world is terrible, nothing good ever happened to me”).
The processing this negative information or thoughts can easily spawn
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rumination, and worsen individuals’ mood, and make it harder to disengage
from this negative information [39, 86, 72].

According to prior research, depressed individuals’ attention is directed
towards negative-biased information as such information is relevant to their
negative core self-beliefs, especially when they are experiencing a negative
mood. This mood-congruent attentional bias is in turn associated with a
tendency to interpet neutral or ambiguous stimuli in a negative-biased way
[72, 39, 86].

Additionally, individuals with depression shown significant difficulties in
disengaging from negative stimuli and mood [39, 72]. Even when they are
not automatically orienting their attention toward negative information in
the environment, once such information has come to be the focus of their
attention, such individuals would still show a greater difficulty disengaging
from it [72].

In sum, although cognitive and memory impairments are associated with a wide
range of mental disorders, the patterns found in depression are rather distinct [39,
72]. The following section provides an explanation of how these depression-associated
cognitive impairments impact specifically on individuals’ ability to process their self-
memories.

2.2.2 Self-Memory System and its disruption due to depres-
sion

2.2.2.1 The structure of Self-memory system

The cognitive models of depression describe how such impairments impact one’s
ability to process their self memories [52]. This provides a rationale for exploring
ways of addressing depression through working on individuals’ personal memory [39,
86]. Approaches developed for this mainly target different components of peoples’
Self-Memory System, using their autobiographical memories as training materials for
adjusting the negative-biased cognitive distortions and their associated schema. This
section will first explain the basic components of SMS, then discuss how the cognitive
impairments in depression impacts ones’ abilities to process self memories.

Conway describes the Self-Memory System (SMS) as a conceptual framework,
consists of two main components: core-self (working self) and the autobiographical
knowledge system (also called Autobiographical Memory System, AMS) [31, 34]. I will
now describe these two concepts below:

SMS is a conceptual framework where memories, ideas, and concepts are
dynamically connected. [89, 33, 31]. It can be considered as the ‘database’ of one’s
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self [33, 31], and has a reciprocal relationship with one’s schemas. As suggested by
Conway et al., [33, 31], the Self-Memory System is a long-term memory system, consist
of two main components: the working self and the autobiographical knowledge base.

1. Working self . Working self, also called self-beliefs, is an important component
of both schema [16, 15, 39, 86] and the Self-Memory System [39, 86, 34,
31]. Working self is a complex set of active goals and self-images. It reflects
and defines how one’s autobiographical knowledge is being accumulated and
accessed. Thus, individuals’ ability to recollect and recall memories through the
Self-Memory System depends on the interaction between the working self and
the autobiographical knowledge base.

People experience emotional events every day, with new memories either being
quickly forgotten or integrated in their long-term memory system. While
encoding or retrieving memories through the autobiographical knowledge base,
memories that are considered as goal-related, or relevant to one’s self-beliefs
are more easily encoded or accessed, whilst individuals’ capacity to encode or
access memories that are considered threatening or incongruent to current self-
beliefs is reduced [31].Repeatedly prompting recall of certain type of memories
can enhance retrieving the path of these memories and shape one’s self-belief,
and consequently increase individuals’ abilities to access and encode similar
memories [33, 31].

2. Autobiographical knowledge system . According to Conway [33, 31],
people’s autobiographical knowledge system is the knowledge of self across over
lifespan [33, 31] (see figure 2.2, left-side). It is the knowledge of “experienced
self, which contains remembered reality” [33]. By remembering, recollecting and
analysing these memories, people are able to track their life history, shape their
beliefs and self-identity [201], and activate schemas. The memories of prior
experiences that are recalled through one’s AMS (Autobiographical Memory
System) are important materials for a range of cognitive abilities, such as
problem solving, decision making, and predicting future outcomes of a person’s
current activities [32].

People’s autobiographical memory has a broad, hierarchical structure. Accord-
ing to Conway’s theoretical model, people’s autobiographical memory structure
includes different levels of memory representations, from levels that are highly
semantic and abstract (e.g., see the concept Lifetime periods in page 19), to
levels that are rather episodic and detailed (e.g., see the concept of general
event or episodic memories in page 19 [9, 31].

According to Conway’s theory, working self is a hypothetical concept involves
information about one’s self-identify (e.g., “who am I?”) and active goal (e.g.,
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Figure 2.1: Example of AMS, adapted from Conway [31], (This figure visualises the
structure of different AMS levels)

“what am I going to do?”). Individuals’ working self (self-belief) [34] are
critical for their ability in encoding and accessing certain memories through the
AMS. Individuals’ AMS organises (or framework) of different levels of memory
representation, ranging from highly abstract levels such as lifetime periods,
to highly detailed levels such as episodic memories. These abstract levels of
autobiographical memories could comprise a few repeated events, such as the
level of general events. A more detailed, visualised model of AMS can be seen
in figure 2.2.

- Lifetime periods. The most semantic and abstract level. It represent
personal conceptual knowledge during a few significant periods of time in
life. According to Conway [34, 31], the common presentation of people’s
lifetime periods contain knowledge about goals, others, locations, activities,
and evaluations, that were common in that period. Lifetime period
knowledge can be used to access more specific autobiographical knowledge,
such as general events.

- General events. General events combine both the abstract level of
memories and a few vivid fragments of specific memories [33, 31]. It
represents a few repeated or categoric events during the associated lifetime
period. General events contains links to access associated episodic
memories, where people can retrieve collective and sensorial information
of their episodic memories regarding specific life events [33, 31].

- Episodic memories. [31, 33]. Episodic memories contain highly detailed
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information about experiences normally from a specific, recent life event,
with information which are considered to be highly sensory-perceptual
while being recollected [33] but which can decay very quickly without
integrating with the AMS [9].

EM could also remain accessible during the retrieval process throughout
different levels of memory representations of the AMS. This is because EM
is the level with most detailed, sensorial information in the AMS, whereas
the Autobiographical memory is the “remembered self” across the lifespan,
which provides a long-term framework for memories with different levels of
abstraction [32, 33, 31]. Therefore, the process of processing EM through
the AM system are closely impacted by one’s sense of self.

2.2.2.2 Depression induced disruptions in AMS

People shape their self-image iteratively by encoding and retrieving specific episodic
memories through the AMS. People’s self-image determines the structure of their
autobiographical memory, decides which memories with what specificity level can be
accessed, and influences which episodic memories can be integrated with the AMS.

When people experience daily events through the process of encoding and
(selectively) retrieving memories, they are repeatedly rehearsing connections and
retrieval paths to different memories and ideas. These repeated practice can
strengthen the connection to specific type of memories, and enhance certain concepts
and beliefs over time [89]. Meanwhile, memories and beliefs that are not being accessed
as frequently and have weaker connections could eventually be forgotten [89]. Since
people’s context, current knowledge, environmental stimuli are changing dynamically,
the memories they can access are also changing over time, which in turn shapes their
self-belief (working self ) [34]. As one’s self-image changes overtime, their AMS also
changes dynamically.

The AMS supports two modes of retrieval: generative retrieval and direct
retrieval. Figure 2.2 illustrates the two memory retrieval processes and the role that
self-belief plays in both processes.

- Generative retrieval (dashed arrow on top left of figure 2.2) is a memory
searching process that is highly influenced by one’s self-identity. As shown
in Figure 2.2, the generative memory-searching process starts with a cue
activating the retrieval mode, accessing and evaluating memories at all three
memory levels, and elaborating the search-cue iteratively until a matched
specific memory is reached. Within the memories that are potentially matching
with the search-cues, only the ones that are considered as congruent to the
current working self can be activated, accessed and retrieved.
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Figure 2.2: Simplified model of memory retrieval, adapted from Conway [31] (This
figure visualise two types of memory retrieval processes triggered by memory cues).

- Direct retrieval (dashed arrow on the left side of figure 2.2) is triggered
through cues with direct links to specific episodic memory, with less involvement
of self-identity.

Depression-associated impairments in memory retrieval mainly lies in the genera-
tive retrieval process. Impairments in direct memory retrieval are mainly associated
with mental health conditions such as Alzheimer’s, which are not significantly
associated with depression. Figure 2.3 illustrates how depression disrupt one’s
memory retrieving process, in comparison of the same process of individuals not living
with depression.

2.2.3 Treating Depression Associated Cognitive and Autobi-
ographical Memory Impairments

As one of the most effective depression treatment, CBT aims to reorganize individuals’
underlying negative schemas into more adaptive and functional ones, through
identifying and modifying their negative distorted cognitive information processing
[39]. Under the umbrella of the broad CBT approach, another promising intervention
is to address such cognitive distortions of depression by adjusting the schemas and
the negative-biased information processing, through working with individuals’
personal memory [39, 86].

Apart from CBT, a list of memory-based interventions have been developed
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Figure 2.3: A visualisation of the memory retrieval process in people without
depression (left), and with depression (right)

specifically for targeting this identified vicious cycle [39]. These interventions have
a rich evidence base demonstrating their effectiveness. A meta-review and analysis
of memory-based interventions by Hitchcock et al., [86] have provided a meta-review
of such memory-based interventions for addressing depression-associated cognitive
impairments, (e.g., over-general and negative-biased memory recall). However, these
interventions are currently mostly conducted as lab-based experiments, and are not
yet equipped with digital supports.

In short, for addressing depression, cognitive therapies (e.g., CBT) target the
cognitive reconstruction to alleviate symptoms of depression, whilst memory-based
interventions lay a foundation for this cognitive reconstruction by focusing on the
processing of materials for cognitive re-appraisal. This thesis is mainly built on the
theoretical approaches to addressing depression through memory-based interventions.

2.2.4 Session summary

This subsection reviewed theories for explaining the cognitive foundation that
underpins depression, and it’s interconnection with one’s the Self-Memory System.
The theories identified in this section provide the foundation which drive my field
works reported in this thesis.

22



Chapter 2. Literature review 2.3. HCI Work in Memory Augmented Technologies

2.3 HCI Work in Memory Augmented Technolo-

gies

2.3.1 Overview of current memory technologies

Current memory technologies predominately support user needs in improving EM
associated impairments by representing memory cues that explicitly target specific
episodic memories [87]. For this, HCI work has explored lifelogging technologies such
as SenseCam to help users capture and recall episodic memories in everyday life [172,
3, 78, 116, 117, 177]. Such supports could support individuals in reconstructing
forgotten memories for later reminiscence [185], sharing emotional memories with
others [110], regulating their emotions [96], and alleviating memory impairments
associated with other memory loss conditions such as dementia [116].

Memory technologies are also being widely designed for supporting EM functions
for people in the general population. One example of such a system is habit-tracking
for individuals to recognise their behavioural patterns and identify changes over time.
To support such needs, some researchers apply personal informatics technologies [13],
which allow recollection and representation of end-users episodic data over time,
revealing underlying behavioural patterns, and suggesting possible behaviour changes
to end users. Besides, lifelogging technologies is also widely used for recollecting end
users’ memories and their daily events over time, with the aim of supporting their
reminiscence [185, 47], mood regulation [97] and self-representation [38, 182].

The above illutrates the effort in the HCI community to support users better
processing their episodic memories. HCI researchers have been widely aware of the
needs from various user groups (with or without significant memory impairments [4,
79, 117, 177])in tracking self memories and maintaining self-identities [173]. However,
since depression is a condition mainly associated with AM impairments, these memory
technologies have not been adapted to the needs of users living with depression. This
is surprising given that depression is a mental disorder with a few significant and
distinguishable memory weaknesses, and addressing D-ABMs is a promising approach
for alleviating depressive symptoms.

2.3.2 Systems supporting recollecting EM (Episodic Memo-
ries)

Episodic Memory (EM) contains highly detailed sensorial information regarding one’s
specific life events, which can become integrated within the AMS from where they
can be vividly retrieved [33], or decay quickly and become forgotten. With the help of
modern memory technologies (such as contextual sensors and massive digital storage
techniques [179]), people can record more and more sensorial memory cues (e.g., visual
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cues with camera [87, 115, 175], or verbal cues with microphones [47]) to support
episodic memory processing in everyday life.

Such technologies can generate a huge amount of memory cues, which can be
extremely challenging for users to review and make sense of without additional support
(e.g. 1500 images a day [115]). However, not all memories have the same level of
importance and have the same value for users to remember and reflect on. Thus,
Sellen and colleagues [180] suggest selectively capturing episodic events for address
particular memory impairments of end users. Other researchers also suggest filtering
valuable memories at the moment of capturing the memory cues, either automatically
(e.g., by filtering memories with high emotional arousal [175], or via users’ manual
selection (e.g., self-crafted memory cues [177]).

A framework is required to organize and represent the digital memory cues that
are captured and accumulate over time. Recording captured memory cues and
constructing them in a narrative representation is a method that aligns closely with
users’ preferences and natural habits [155]. Such work includes logging narrative
diaries of everyday events, cues including video summaries [115], representation of bio-
sensing data [183], or combined multimedia memory cues [143]. Viet Le et al. [115]
created a narrative video summary of the captured images for story-telling of people’s
everyday life events, while St̊ahl et al. [183] have created a visual representation
of users’ bio-sensing data through a narrative, visual representation. Additionally,
Packer et al.,[153] created an online page collecting captured memory cues (location,
images, and text desperation) in a narrative presentation form (e.g., personal narrative
diaries).

2.3.3 Systems supporting the processing of AM (Autobio-
graphical Memory) system

HCI memory research mainly focuses on the recording of self-memories for various
reasons, such as supporting later reminiscence [185], or facilitating social communi-
cation via memory sharing between friends [102]). However, we should note that
“capturing the memories” is not the same as “remembering the memories”. As prior
work [89] suggests, remembering is a process of re-construction within the self-memory
system, and iterative retrieval of specific memories based on individuals’ current
beliefs. Retrieved memories will always be altered by people’s current dominant
self-beliefs, and their current interpretation of the memory. In other words, the
captured memory cues are just data to help users remember, while remembering
is a process of re-creating one’s SMS, which is based on users’ current beliefs, the
relationships between memories and their current perspective on that event. People
can neither recall all of their memories nor recall any of them without bias. The
recollected memories will always be “twisted” by their currently dominant self-beliefs
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and their current interpretation of their life stories. This is particularly concerning
for individuals living with depression, as their negative-biased self-belief can disrupt
their memory retrieval process [40, 86]. Therefore, prior researchers called for AM
technologies with flexibility and can accommodate different impairments in memory
retrieval [89]. More specifically, besides supporting the direct memory retrieval process
by directly presenting EM memory cues, memory technologies can also be designed
for accommodating the generative memory retrieval process for supporting users with
AM impairments.

Besides supporting memory retrieval, end users living with depression can also
benefit from systems designed for facilitating the re-construction of the current
negative biased self-image. For example, one distinct characteristic of individuals
living with depression is that they constantly recollect and ruminate on negative
memories [39]. To address it, the design of memory technologies could consider helping
such individuals to disengage from those negative memories, to retrieve such memories
less frequently, and to strengthen their abilities in retrieving to more positive memories
automatically. This process of selectively forgetting holds promise for making helping
the users to develop a more positive perception of their life events which can eventually
assist them with constructing a more positive self-image. This is because the intensity
of their emotional reactions will fade over time, and negative emotions could fade faster
than positive ones [202, 97].

However, HCI research has not widely addressed these important aspects of
autobiographical memory impairments, especially how people’s dynamically-changing
sense of self can distort their ability to remember. These complex impairments arise
in a variety of mental conditions, including autobiographical memory impairments
in depression, and flashback trauma memories in PTSD. This thesis therefore aims
to address the paucity of research into technologies designed to support memory
impairments in depression.

2.3.4 Gap of designing memory technologies for depression

Little work has focused on building technologies to help people with difficulties
in generative memory retrieval through autobiographical memory impairments.
Experiment shows that depressed people have problems in generative memory
retrieval, instead of direct memory retrieval [204] (figure 2.3). The AM impairments
in depression (D-ABMs) are mainly caused by the negative self core beliefs [15],
which is reciprocally interconnected with the dynamically formed AMS system [32, 33,
31]. Therefore, memory systems for depression need to be designed to facilitate the
generative memory retrieval process, instead of the direct memory retrieval process.
This also means the memory cues need to direct users to higher autobiographical
memories levels (e.g., general events and lifetime periods), instead of the level of
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EM. As text cues are the most widely used cues for triggering generative retrieval
in psychological studies, such vague and abstract modality can serve this user group
better than vivid and specific cueing modalities (e.g., picture cues).

Current memory technologies are predominately focusing on representing mem-
ories cues in the same format as they were captured. However, representing the
same format is not always the best cueing method in all contexts. For example,
Petrelli et al.,[155] identified the importance of abstracting low-level specific data
into high-level representations so users could easily track their habits. A review
of autobiographical memory technologies has revealed that, different modalities of
memory cues can support different style of remembering [90], text cues can generate
the largest number of memories compared to other types of cues (such as pictorial
and verbal cues), while pictorial cues can encourage people to perceive the specific
memories and relieving them specifically and deeply [90].

It is essential to stress the risk of presenting positive memories to users with
depression, while designing memory technologies for this particular user group. Most
HCI work in depression involving mood and memory tracking assume users could
trivializing while looking at recorded positive memories. However, by cognitive nature
of functional avoidance [39], depressed users could have resistance in retrieving specific
details of their memories, but instead “spawn rumination process” with their over-
general memories [39] and eventually being negatively impacted by the presented
memory cues. Due to the nature of having low mood, people with a history of
depression also show less mood improvement then never-depressed individuals from
recollecting positive memories [102, 110]. For such individuals, directly looking back
cues of past happy memories could actually lead them to compare happiness in the
past with current sad mood, and contribute to a worsening mood [102], and even lead
to rumination [39] and potentially lower their current mood. Additionally, even if
depressed individuals try to recollect positive memories, such memories as normally
“impoverished” [39], which means less vivid and not emotional intensive enough for
such individuals relieve the happiness and improve mood.

Therefore, I would like to propose innovation in the representation of memory
cues for serving the special needs of users living with depression. I propose that,
instead of proving specific cues are directly pointing at a specific moment, the cues
presented to users (with or at risk of depression) should be vague enough, so they
have to challenge themselves and retrieve memories from their memory system. In
the meantime, technologies should also provide guidance to assist users in retrieving
memories until users retrieve them in detail, guide them through the resistance during
the retrieving process, monitor users’ thinking process, and stop users if they are
distracted by rumination.
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2.3.5 Section summary

This section reviewed the current state of HCI research into memory technologies, with
the aim of highlighting the differences for users with memory processing difficulties
that go beyond episodic memory loss. This was done to raise awareness amongst HCI
researchers working on memory technologies of these differences [15, 16].

As depression is associated with distinctive memory impairments, I would like
to argue that technologies designed for helping such a particular user group should
particularly follow autobiographical memory theories [90], especially the ones in
depression [40, 86].

2.4 Bridging clinical psychology research with HCI

research and design

2.4.1 Complex user requirements of designing for depression-
related cognitive impairments

Individuals living with depression often have a set of complex user requirements,
which can be difficult to understand and to communicate to those who are not from
a background of clinical psychology or mental health research. Therefore, for novice
designers or researchers who are new to the field of depression-related projects, it can
be exceptionally challenging to fully understand these requirements. The knowledge
gap can limit designers’ ability to create the best design to fit the needs of users
with depression. For instance, one of the longstanding problem of digital depression
intervention is having high user attrition rate. Such issues can be effectively mitigated
by addressing a few distinct cognitive issues of intervention users with depression.

Having low motivation in engaging activities can also impact the effectiveness
of depression treatment. As pointed out by prior researchers [186, 49, 128, 54],
individuals with depression can easily drop-out from mental health interventions
before finishing the full course. One reason for this is the difficulties users with
depression experience with feeling like they can achieve successful outcomes from the
treatments, which may lead to them eventually losing trust in the treatment [54].
This may be caused by a few distinctive goal setting and planning problems that are
commonly found in individuals with depression [128, 49, 186].

For example, users with depression tend to set abstract goals that are difficult to
measure, quantify, or track progress in achieving [186]. Therefore, individuals chasing
such abstract goals often find it difficult to measure if their goal has been achieved or
not. Consequently, abstract goals are more likely to induce frustration and a sense of
failure in daily disruption of plans [186]. Moreover, depressed individuals tend to link
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their sense of self-worth and happiness to the achievement of these abstract goals (i.e.
“I will never feel happy unless I became successful” (here, “successful” is an example
of one abstract goal that is hard to be measured or quantified))[49, 128]. Additionally,
the highly abstracted personal goals and plans may facilitate heightened rumination,
and individuals who pursue more abstract goals appear to become stuck while trying
to fulfill these vague cues. This triggers cycles of rumination (i.e. “why don’t my
plans ever work?”) [49] and further maintains depression.

Addressing the cognitive issues, namely GAP (goal setting and planning) diffi-
culties [128, 49, 186], can be an effective way of improving users’ engagement to
the intervention sessions. For example, to avoid service users underestimating their
progress and achievements, researchers have suggested intervention components such
as reminding users of the efforts they have expended towards the goal/ treatment,
and helping them to identity a more concrete method of measuring the gains they
have made as result of engaging in the treatments [107, 186]. GAP difficulties in
depression are also associated with the development of depression symptoms, and
have a link with the depression associated memory impairments [86, 39]. The skill of
goal setting and planning [128] is essential for mitigating depressive symptoms and
D-ABMs (depression associated memory impairments) [129, 39, 86]. For example,
the sustained engagement in potentially positive activities can help break up the
ruminative cycle and reinforce positivity.

Prior studies [128, 49, 186, 86, 39] have shown the importance of addressing
these issues for improving service users’ well-being and moderating depression.
However, such complex users requirements are often overlooked by HCI designers
while developing systems for depression due to the challenges associated longstanding
gap between academic research and design practice.

2.4.2 Communication gaps between clinical psychology re-
search findings and HCI design practice

It is common for HCI researchers to base their design decisions on prior academic
findings. For example, theories can support the selection of functionalities for a system
and ways to implement them [83]. For instance, UbiFit [30] encourages end users to
make specific and measurable weekly goals, informed by goal-setting theories [123].
Another common practice is to develop design guidelines from empirical work, in the
form of design implications [57]. However, researchers have pointed out that design
implications may not be sufficient to drive industrial application [22, 57, 149, 28], and
may prove to be difficult for practitioners to understand and use [28, 22, 57, 149].

Research has found that one of the main reasons why practitioners do not
incorporate theories into their design process, despite being interested in doing so,
is that academic findings are often presented in a way that is hard for practitioners
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to apply [22, 57, 149]. Prior HCI work has identified such challenges faced by UX
and interaction designers who wish to apply psychology-based or ethnographic study-
based resources in their design practiceas the research-practice gap [28, 26, 149, 50].

The reasons for this research-practice gap are twofold. 1) Traditionally, experts
in design and researchers have different requirements, skill sets, and goals. De-
signer practitioners seek to create usable products to address clearly defined user
requirements. In contrast, researchers mostly produce recommendations, guidelines,
or design implications [57, 20, 149]. These may influence requirements, but such
outputs are rarely formulated as requirements. 2) Empirical findings generated by
researchers are rarely presented in actionable, ready-to-use format [22, 176]. Thus,
they are more difficult to apply for designers, especially under time constraints [22].

In the domain of HCI, the boundary between research and design work is often
blurred. HCI researchers have started to explore design methodologies to bridge the
gap between psychology research and design practice by creating theory cards and
employing them in workshops [26, 28]. However, prior works have mainly applied
general psychological theories targeting healthy individuals, with less complex user
requirements than people living with mental health difficulties [20]. Examples of such
materials being developed for supporting design work includes design guide books [62]
and strategy cards [26, 74, 70]. Colusso et al. [26] further examined the feasibility
of utilizing such theory-informing materials in HCI design practice by applying them
to the design process through design workshops. Existing research has used cards in
the design process to introduce playfulness into the design [127], support the game
design process [145, 46], and more recently to communicate metaphorical descriptions
of depression experiences and the demonstrated postures of the individuals with
depression [174].

However, prior research [28, 26, 62] has primarily aimed to apply general
psychological theories (e.g., behavior change theories [26]) to non-clinical user groups.
Whereas the theory-practice gap is even larger in the domain of HCI for mental
health [28, 165, 83, 22, 93, 50], due to the specific complex needs of target users [148,
162, 181, 184], and the expert knowledge needed to support them. Therefore, there is
an opportunity to extend these methods to present profiles of users with complex needs
and challenges. This is particularly important when designing healthcare systems for
depression. It is essential to effectively communicate the complex user needs and
requirements [20] (e.g., D-ABMs, GAP) to generate the best designs [36, 166] .

For instance, users with depression may experience difficulties in processing and
retrieving positive memories due to depression-associated autobiographical memory
impairments [86, 39]. Overlooking these specific depression-related requirements may
reduce the efficiency of mobile-based treatments for depression [161, 162] or even
cause harm to service users making use of a product that was not specifically designed
for them [161]. Therefore, it is essential to explore novel theory-informed methods
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to better support designers’ understand the relevant psychology theories and the
complex challenges user requirements. Promoting interdisciplinary research involving
HCI designers and health researchers or practitioners is one of the most sensible
way forward to this issue, with HCI researchers already stressed the importance of
engaging end-users and domain experts in the design process [36]. However engaging
patients or clinicians is often a challenge in early stage of UCD design works in the
mental healthcare domain, due to potential ethical risks and the complex procedures
needed to safeguard service users [20], clinicians, and researchers [144, 58]. To help
lower the barrier and better promote interdisciplinary research and design works for
digital technologies for depression, this thesis aims to bridge the gap between these
two distinct domains. New design methods will be explored and proposed to facilitate
designers generating theory-informed design solutions before engaging with domain
experts in later design stages.

2.4.3 Section summary

This section provides an overview of the complex user requirements and current
HCI practices in bridging the research-practice communication gap. The review in
this section aims to reveal the complexity of bridging clinical psychology research
results and HCI research and design practice. The complexity lies in two features:
1) designing a system targeting end users with complex requirements driven by
depression-associated cognitive and memory impairments; 2) bridging the ”research-
practice gap” by communicating the complex user requirements to designers who do
not have background knowledge in clinical psychology.

The section further indicates the need to address the challenge of incorporating
clinical theories into design practice, especially when designing for individuals with
mental health conditions. This provides an theoretical background and motivation
for the research work that is reported in this thesis.

2.5 Summary

Building upon the understanding of current practices in managing depression and its
associated cognitive (memory) impairments, I identified the design opportunities in
introducing digitized D-ABM supporting tools in advancing such technologies. For
instance, to improve the user engagement by introducing training materials that
are individually tailored according to their life narratives. I further confirmed the
opportunities for D-ABM technologies to advance current HCI research in assisting
memory processing. This motivates the research studies 1-4 (in chapter 4), which
investigates the design of mobile apps for D-ABMs. Finally, I reviewed the current
challenges of generating HCI design that are draw on complex empirical theories.
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This motivates study 5, which explores ways to help future designers to bridge the
theory-practice gap, and generate theory-informed D-ABM app design.
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Chapter 3

Methodology

3.1 Introduction

This chapter provides a description of the research methodology, including a list of
methodological approaches that each study within the thesis follows, a description
of how I applied them in each of the research studies, and my approaches to data
collection and analysis.

3.2 Research Approach

This thesis mainly follows the interpretivism paradigm [44, 82], which emphasises
the exploration and understanding of the phenomena(s) and within the natural
(ethnographic) settings where they occur [44]. I excluded positivism as the study
cannot fit it’s driven criteria (i.e., having pre-defined hypothesis that can be generated
testing). This is because the domain of depression-associated cognitive impairments is
a relatively new area and therefore lacks such pre-defined hypothesises. Additionally,
findings in the interpretivism paradigm are usually produced from rich data with
nuanced and intricate details, which can reveal the values and human experiences that
relate to the phenomena being investigated [44]. Following this research paradigm, I
mainly applied qualitative research methods while investigating my research questions
[44] (table 3.1).

Harrison et al., [77] have proposed the three paradigms of HCI for describing the
epistemological distinctions among the three paradigms:

1. Human Factors, which consider interaction as ”a form of man-machine
coupling”, with the aim of optimizing the the machine behaviors for its best
fitting human (end users’) requirements.
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Research
studies

Participants Data collected Data analysis
method

Exploring
theory-based
intervention
(Study 1)

- Literature of
selected D-ABM
interventions

Content analysing
the selected
literature

Exploring
practice-based
treatments in
clinical
context(Study 2)

Clinical experts
on depression

Audio recording of
interview sessions

Thematic
analysing the
audio records of
the
semi-structured
interviews

Identifying best
app features
(Study 3-4)

- App information
extracted on the
website,
the downloaded
apps

Systematic
evaluation of
selected and
downloaded apps

Bridging the
theory-practice
gap (study 5)

HCI experts and
designers

Written note
collected from
design sprint
sessions,
audio record of
follow-up
interview sessions

Applying
thematic analysis
to the notes
collected from the
design sprint
session and the
audio record of
semi-structured
interview

Table 3.1: Overview of research studies, participants, and research methods
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2. Classical Cognitivism/ Information Processing, which views the interac-
tion between human and computer as ” enabling the communication between the
machine and a person”, with the ultimate aim for machines to facilities users
to achieve a series of goals that can be measured or systematically measured.

3. Phenomenologically Situated, which views the human-computer interaction
as ”phenomenologically situated”, with the goal for ”supporting situated action
and meaning making in specific contexts”.

Given the epistemological position of this thesis being aligning with the paradigm
of interpretivism and phenomenologically-situated, this thesis focuses on collecting
knowledge that based on individuals’ living experiences from different domains and
perspectives, from conducting:

1. Interviews studies with the depression experts in study 2 (chapter 4),

2. Experimental evaluation [98] with HCI experts in study 3-4 (chapter 4),

3. Interviewing HCI experts in study 5 (chapter 5)

3.2.1 Study 1: Content Analysis of published literature

• Procedure and Methods: Study 1 aims to understand the key component of
current state-of-the-art psychology interventions being particularly designed to
treat D-ABMs. As the start of this thesis work, study 1 is an exploratory study
of the four most evidence-based interventions with D-ABMs. It comprises two
main steps: (1) identifying four interventions from reading a systematic review
and meta-analysis of memory-based training for mood-related disorders [86], (2)
analysing each intervention with using a content analysis method [59, 91].

• Data collection: To identify the interventions, I firstly collated a list of
memory-based interventions from reviewing key literature related to memory
impairments in depression, and listed the interventions standout from these
review papers. The main source of reference rely on the research from Hitchcock
et al., [86] and Dalgleish[40], as they provide thorough review of memory
impairments in depression. I checked the reference lists of the articles obtained
through in-depth reading of the identified meta-analysis [86, 39] to uncover the
listed studies that associate with the identified memory-based interventions. In
particular, I identified most interventions from the meta-review by Hitchcock et
al., [86], which provides a systematic search and evaluation of D-ABM related
psychology literature. In this paper, the evidence of each reviewed interventions
were graded in four levels (high, moderate, low, and very low [86]). At the time
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of accessing, this meta-analysis paper had one of the highest citation rate in the
preceding 10 years.

After identifying the four interventions with the most-proven clinical effective-
ness. I then searched keywords of each of the named memory based interventions
(e.g., “MEST”, “CNT” through major research article data bases) in online
publication database to extract the literature where these interventions were
published in.

• Data analysis: I extracted description of each intervention setting from the
literature that are relevant to the selected memory interventions (e.g., MEST
[164, 139], CNT [60], COMET [111], CBM-I [18, 21, 61, 207]). I then synthesised
the data, following a content analysis method [59, 91] using a hybrid thematic
analysis method [65]. An example of this analysis process can be seen in the
table shown in figure 3.2.1).

The initial coding involved each selected interventions’ name, main procedure,
their key value to their targeted memory deficits, as well as the formality of their
input and output (see table 3.2). I also accessed the literature relating to other
aspects of each intervention, such as intervention settings (i.e., if the intervention
is group-based or individual-based; if therapists’ supports are needed; duration
of each intervention), and the expected outcome. To identify the design potential
of memory technologies such as life-logging for supporting these interventions,
I also identified key concepts as initial coding categories that were informed by
existing theory or prior researches as through the lifelogging lenses.

Following content analysis methodology [91, 59], each of the four interventions
were analyzed respect to its aim, measures of success, and context of use and
materials. To identify the design potential of memory technologies such as life-
logging for supporting these interventions, I also identified key concepts as initial
coding categories that informed by existing theory or prior researches as through
the lifelogging lenses.

3.2.2 Study 2: Inductive, qualitative interview with domain
experts

• Procedure and Methods:

Study 2 explored the current practice of treating D- ABMs in clinical settings,
with the aim of generating implications to guide the design of D-ABM apps.
It applied qualitative, semi-structured interviews, which is a commonly used
qualitative method for collecting data [48]. It allows in-depth exploration into a
wide range of interviewee’s experiences from a set of predetermined questions,
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Figure 3.1: Visualisation of how I analysed each literature-based D-ABM interventions
using content analysis method.
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Name of code Description of code
Name The name of each intervention
Main Procedure Summary of the procedure of each

memory interventions (e.g., contextual
settings, duration)

Addressed memory deficits The memory deficits that targeted by
each memory-based interventions;
The key value of each memory
interventions to the improvement of
targeted memory deficits

Input and output cues The cue modality and content of the
current input materials;
The modality and content required to
be generated from the end-user

Table 3.2: List of codes for the content analysis

and leaves space for free-form exploration of each participants’ individual
experiences [48]. This study have been approved by the Lancaster University
FST ethics committee. Ethics documentation of this study can be seen in
appendix F.

• Participant recruitment: For gaining the most in-depth understanding of
the current practice of D-ABM therapeutic approaches, study 2 was conducted
with 10 domain experts working with depression with in average 15 years of
experience in working with depression. Participants were recruited through
email advertisements circulated via an online database of clinical practitioners
and researchers (e.g., the maillist of CBT associations).

Among the ten recruited, eight participants (P1, P2, P3, P4, P7, P8, P10) had
expertise in treating depression in clinical contexts: seven (P1, P2, P3, P4, P8,
P10) mainly practised CBT, and one (P7) practised D-ABMs treatments (i.e.,
MEST). The other two participants (P5, P9) were less active in the clinical
context at the time of the study, and were mainly performing experimental
psychology interventions in lab settings. Additionally, five participants had
Ph.D. degrees in Psychology, four had postgraduate degrees (MA, certificate,
diploma) in psychotherapy, while another one had a BSc degree in psychology.
Six participants were from the UK, while four were from mainland-Europe
(Belgium and the Netherlands). Details of the recruited participants can be
seen in table 3.4.

• Data collection: During the interviews, I followed a semi-structured interview
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Participant’ expertise Experience in detail Context of practice
CBT therapist: P1, P2,
P3, P6*, P8, P10
Psychiatric nurse: P4
Neuropsychologist: P7*

Depression expert in
clinical practice (8)

Private context (2).
Hospital (5)

Memory training in
depression (P5, P6*,
P7*, P9)

Neuropsychologist (4) Lab (all), hospital (2)

Table 3.3: Recruited participants of study 2 (* means the participant has both specific
D-ABM domain knowledge and clinical practice experience)

guide to ask participants about their experience in addressing memory-related
impairments while working with clients living with depression. The interview
guide comprises three structured themes inspired by the three D-ABMs (i.e.,
overgeneralization, negative-bias, reduced positivity) that were produced from
the results of study 1.

Within each theme, interview questions were designed for exploring participants’
individual approaches for addressing each of the memory-impairments (theme),
their experience and opinion of these approaches, and the challenges they
encounter in practice. For instance, the questions in theme 2 (I.e., Over-
generalization) includes “Have you worked with clients with overgeneralized
memories?”, “Have you tried to address this overgeneralization problem, if so,
how?” Besides the structured themes, the interview guide also include space for
unstructured questions that allows further exploration of the approaches each
interviewee mentioned. For example: “For the [therapeutic approach you just
mentioned], could tell me more about the latest time you use it in detail?”

The interview sessions were carried out individually through phone or Skype
calls. Each intervention session lasted about an hour, were audio recorded and
fully transcribed. In total the 10 semi-structure interviews sessions, lasted 9
hour 40 minutes of audio data was recorded, using the the pre-installed Voice
Memo’s App on my personal mobile phone (iOS, iPhone X) with written verbal
consent from the participants. I transcribed each audio recording following a
standard procedure [10] (also can be seen in the ethics documentation attached
in appendix F).

• Data analysis: Study 2 used a hybrid form of thematic analysis method [65],
which ensured that themes were partly grounded in the literature and partly
derived from our findings, offering the advantage of balancing the knowledge of
existing theory with the sensitivity to theoretical novelty. The hybrid method
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combined both a “top-down” deductive and “bottom up” inductive coding
method. I collected different experts’ approaches for treating each identified D-
ABMs through deductive coding, which is supported by a conceptual framework
developed from study 1 and prior literaturex. For example, impairments such as
overgeneralization, negative bias, reduced positivity, or memory processes such
as encoding or retrieving. I then took a closer look at the approaches through
inductive analysing methods, in which news codes started to emerge (e.g.,
approaches such as encoding positive memories or retrieving negative memories).
After I completed the interviews and the initial coding, I shared, discussed, and
iterated these codes with quotes with all authors in weekly meetings. The data
analysis process took over three months, until agreement was reached regarding
the final list of codes and their definitions.

3.2.3 Study 3 and 4: Systematic evaluation of mobile appli-
cations

• Procedure and Methods: Study 3 investigates the best combination of app
functions that can be included in D-ABMs apps, while study 4 explores the
app functions for global depression management. For this, study 3 explores
the existing app features provided by the intersection of depression apps and
memory apps, while study 4 particularly access the app functions provided by
depression app.

The app analysis reported in study 3 and 4 comprises four steps:

(1) Systematic searching for target apps within the two major mobile app
marketplaces (i.e., iOS and Android),

(2) Identifying top-ranked, relevant apps from reviewing their information on
the marketplace (e.g., app reviews, app rating score),

(3) Filtering apps by employing a set of inclusion and exclusion criteria

(4) Reviewing app descriptions (information extracted from both marketplace
and the app’s own website) and access apps using experimental evaluating
[99] method.

• Searching target apps: Both study 3 and 4 yielded target apps from
systematically searching the two major mobile app marketplaces in Spring 2019.
I have identified two key groups of apps (i.e., memory apps and depression apps).
Study 3 reviewed the apps fall in the intersection of group 1 and 2, while study
4 take a closer look at apps from group 2.
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– Group 1, Memory apps: Apps that self-identity as targeting users’
general ability of processing emotional and daily memories. The keywords
used for retrieving apps for memory processing, were: “diary”, “mood
tracker”, “mood memory”, “journal”, and “daily event” to capture apps
that support recording and retrieving of daily emotional events. Initially,
3119 memory apps were yielded.

– Group 2, Depression apps: Apps that self-identity as targeting
depression. The keywords used for retrieving the apps for depression is
“depression”. Initially, 482 depression apps were yielded.

To extract and record information of all apps yielded, I entered the identified
keywords to the identified app searching engines (App crawler and Google
Play), and recorded all apps shown in research results with a script [69]. The
script automatically downloaded information for each app from its marketplace,
including name, category, marketplace description, price, review score, and
number of reviewers. Since study 3 and study 4 focus on reviewing top-rated,
publicly available apps targeting primarily depression, I decide to only include
apps with high scores (i.e., 4 out of 5) that balances the review from at least
100 users.

• Inclusion and exclusion of selected apps (study 3): For extracting apps
for assisting memory processing and depression management, I filtered the apps
of group 1 and group 2 separately. The apps that meet the following criteria
were excluded: 1) have less than 100 reviews, 2) are in irrelevant categories,
3) fail to mention keywords such as “depression”, “diary” or “mood” in either
title or description, 4) are not accessible at the time of selection, 5) had average
user review scores lower than 4.0 (out of 5.0). The combined process resulted
in 34 memory apps and 35 depression apps that meet the inclusion criteria.
After removing duplication, 20 apps were finally selected for further evaluation
(see table 3.5), which includes 7 apps yielded from searching memory-related
keywords, 9 apps from depression keywords, and 4 apps yielded from searching
both keywords.

• Inclusion and exclusion of selected apps (study 4): 444 apps from the
initially yielded 482 depression apps were included in the later selection after
removing duplication. Of these 444 apps, I further excluded those that (1)
had less than 100 reviews; (2) were inaccessible at the time of selection; (3)
belonged to irrelevant marketplace categories such as social, casual, business,
news, or book; (4) had average user review scores lower than 4.0 (out of 5.0), and
(5) did not focus primarily on depression (The criteria includes: (5.1) the words
“depression” or “depressed” do not appear in the app’s title or marketplace
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description of the app, (5.2) the primary target is not people with depression
(eg, yoga tracker), and (5.3) their marketplace description mentions that people
with depression should not use the app. These criteria led to 31 apps, from
which I have further excluded 2 more apps as their functionality was limited
to the provision of therapy sessions to be purchased in-app. The remaining 29
apps were analyzed in this review (see table 3.6).

• Reviewing app content: The data includes app content as descriptive
information, and as app-supported features. For reviewing the descriptive
information, I visited each of the app’s website and information page on the
marketplaces (i.e., Apple store for iOS, and GooglePlay for Android), and
manually extracted the descriptive information of each selected apps. The
textual descriptive information extracted includes each app’s name descriptions,
customer rated scores and reviews on the marketplace, and data supporting
analysis of ethical aspects such as the privacy policy.

I accessed the selected apps through directly interacting with the app’s
functionality as HCI experts [101]: I also downloaded and all the selected apps
that finally met the inclusion criteria, and manually recorded the features that
I have identified in the excel sheet. In total, 29 apps were downloaded and
examined in study 3, and another 20 apps were downloaded and examined in
study 4. To fully experience the reviewed apps, the time I spent in using each
apps were ranging from 30 minutes to 2 days, and record the functions I found
provided by the app.

I then used a hybrid method to analyse the app provided functions. Informed by
prior work [1], The deductive codes consisted of 3 main types of functionality of
depression apps: screening, tracking, and provision of interventions. Under each
functionalities being identified above, I applied an inductive coding method to
identify the specific sub-codes. For instance, the screening function was broken
down into sub-codes such as symptom monitoring, self-diagnosis, and basis for
personalization (details in appendix C).

3.2.4 Study 5: Qualitative evaluation of design materials

• Procedure and Methods: Study 5 explores ways of bridging the theory-
practice gap of D-ABMs. This includes three steps: (1) creating a design
supporting toolkit base on D-ABM theories, (2) distributed the design toolkit
in design sprint workshop sessions to observe how HCI designers react and use
these materials [2, 126, 27], (3) arranging follow-up interview with each of the
designers individually to understand their experience.
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• Participant recruitment: As the aim of study 5 is to involve participants
with knowledge of HCI design process, participants are recruited with the
following criteria: 1) they are currently taking, or have taken Human-Computer
Interaction courses, 2) they have experience of interaction design, and 3) they
have no prior knowledge or experience working in the mental health field.
Including only such group of participants allow me to observe how participants
gain knowledge from the theory-informed materials without being interfered by
their prior domain knowledge.

I initially recruited academics or designers in the field of HCI show interest in
participating in the study through sending email invitations through research
institutions. In the end, I have managed to recruit 15 participants (11 males,
4 females) through snowball sampling methods. All participants were over
18 years old. Of the 15 participants, 12 were enrolled as PhD candidates,
2 were academics with background knowledge in HCI, and 1 had completed
HCI modules as part of a Bachelor degree and had prior experience in HCI
research. Participants worked in the fields of engineering, sustainability, and
virtual/augmented reality. In total, I conducted 5 workshop sessions each with
3 designers (altogether 15 HCI experts) while 10 out of these 15 participants
participated in the follow-up interview study. This study have been approved
by the Lancaster University FST ethics committee. The ethics document can
be seen in appendix G.

• Data collection and analysis: The data that was captured in study 5
included the design ideas generated in the workshop (i.e., participants’ written
note during the workshop), and audio recordings of the follow-up participant
interviews. The data generated in study 5 includes audio record and pictures
(i.e., written notes) taken from the workshop sessions, and the audio record
collected from the follow up interviews with 11 of the 15 workshop participants
(i.e., audio recordings). These individual interviews - held online - explored
participants’ experience of the workshop. The semi-structured interviews aimed
to elicit participants’ experience of the design sprint process. Participants were
interviewed via a video-conference tool (Microsoft Team or Skype).. For the
follow-up interview study, a total of (11 hours 41 minutes) 701 minutes of audio
was collected, with on average 1h per participant. One interview record was
inaudible due to a technical issue.

I then transcribed the other 10 audio recordings into textual format, following
the Braun and Clarke approach to thematic analysis [25]. Hesitations, false
starts, and cutoffs in speech were signaled by a dash (-); three full stops in a
row (...) indicate editing of the transcript for brevity. The transcription process
took around a week (32 hours).
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The coding involved repeated readings of the transcripts by myself and my
collaborator (Dr Camille Nadal, one of my collaborators in study 5 (manuscript
can be seen in appendix E) using a inductive thematic analysis method E). The
codes were mapped out, revised and reworked in consultation between myself
and Camille. Both authors has iteratively produced codes and discussion in the
final analysis. For supporting the data analysis process, I used the ATLAS.ti
[192] software, which is a specific tool for qualitative data analysis and dataset
management. For example, to arrange the inductive codes that generated,
merged and adapted iteratively during several rounds of coding process.

3.3 Summary

This chapter provides an overview of the research method applied for each studies in
this thesis, through exploring evidence-based approaches gathered from conducting in-
depth interview with domain experts (study 2), from analysing top-ranked apps (study
3 and 4), and the exploration of design supporting toolkit to facilitate future designers
to quick understand the background theories in specific domains, and generate theory-
based design (study 5).This chapter also discusses the methods I used for analysing
the data that generated from each of the research studies, as well as the methods for
data sampling and participant recruitment.
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ID Gender Years of ex-
perience

Method, Role, context Country Qualification

P1 Female 13 years
(qualified for
10 years).

CBT, Private counsellor,
private counselling

UK Master of Arts
(Integrative
Psychotherapy
and Counselling).

P2 Female 8 years CBT, Therapist, (Physical)
rehabilitate center

UK PhD degree.

P3 Female 21 years CBT therapist, NHS UK Bachelor of Arts
(Psychology).

P4 Male 30 years CBT, Psychiatric nurse,
Secondary health care
hospital

UK Postgraduate
Diploma (PGDip).

P5 Female 10 years Researcher of
neuropsychology (memory-
based interventions for
depression), working with
laboratory data (analysing
and synthesising).

UK PhD degree.

P6 Male 17 years Lead researcher of neu-
ropsychology (MEST) &
applying and supervising
CBT therapies in clinical
setting.

Belgium PhD degree.

P7 Female 6 years MEST, Clinical
psychologist- Psychiatry
hospital

Belgium PhD degree.

P8 Female 10 years CBT therapist, Private
counsellor

Belgium Postgraduate
degree (clinical
therapy).

P9 Female 10 years Neuropsychologist, exper-
tise in depression-associated
memory research

Nether
lands

PhD degree.

P10 Female 24 years CBT& counsellor in private
practice

UK MSc (Advanced
Cognitive
Behavioural
Therapy).

Table 3.4: Information of interview participants
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App ID App name Tracking
mood
patterns
(15)

Tracking
thought
patterns
(13)

Encouraging
positive
activities
(14)

P1 Abide Yes
P2 Daylio Yes Yes Yes
P3 Fabulous: Motivate Me! Yes
P4 Medication Reminder &

Pill Tracker
Yes

P5 Mindfulness Daily Yes Yes Yes
P6 Moodpath Yes Yes Yes
P7 MoodSpace Yes Yes
P8 Pacifica Yes Yes Yes
P9 Stop, Breathe & Think Yes Yes
P10 Youper Yes Yes Yes
P11 Happify Yes Yes Yes
P12 MoodKit Yes Yes Yes
P13 What’s Up? Yes Yes Yes
P14 Wysa Yes Yes Yes
P15 Chronicle Yes
P16 Gratitude Journal 365

Pro
Yes

P17 iMoodJournal Yes
P18 MyMoodTracker Yes
P19 Pain Diary Yes
P20 UP! Yes Yes

Table 3.5: Information of selected apps (study 3)
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App ID App name
P1 Aware: Meditation & Mindfulness
P2 Breathe Easy
P3 CBT Thought Record Diary
P4 Cognitive Diary CBT Self-Help
P5 Depression CBT Self-Help Guide
P6 Depressive and sad wallpaper
P7 Disappointment Quotes
P8 eMoods Bipolar Mood Tracker
P9 Fight Depression Naturally
P10 Hypnosis for Anxiety, Stress Relief & Depression
P11 InnerHour - Self Help for Anxiety & Depression
P12 Lonely Wallpaper
P13 MindCare: mental well-being analytics made easy
P14 Mood Log
P15 MoodKit - Mood Improvement Tools
P16 Moodpath - Depression & Anxiety Test
P17 MoodSpace
P18 MoodTools - Depression Aid
P19 We are more - our support network (Original name:

Reachout: My Support Network)
P20 Relieve Depression Hypnosis - Mood & Anxiety Help
P21 SuperBetter
P22 T2 Mood Tracker
P23 TalkLife
P24 The Szondi Test: Research of Depression
P25 ThinkUp: Positive Affirmations
P26 What’s Up? - Mental Health App
P27 Wysa: stress, depression & anxiety therapy chatbot
P28 Youper - Anxiety & Depression
P29 Depression Test

Table 3.6: Information of the selected apps (study 4)
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Chapter 4

Exploring the Design of Apps for
Autobiographical Memory
Impairments in Depression

4.1 Identifying Requirements of App Design

This study reports a fieldwork that I have conducted with supervision
from Professor Corina Sas (as my main supervisor at the time), with the
final phases of the project finished with joint supervision from Dr Gavin
Doherty. Besides the supervision from Professor Sas and Dr Doherty,
I solely undertook the research work, including participants screening,
recruitment, study execution, data collection, transcription, analysis. The
data and findings from this chapter have been published as a full paper
in the 2019 Conference on Human Factors in Computing Systems [159].
The project idea, coding refinement and paper writing was iteratively
refined through discussion with Professor Sas (mainly) and Dr Doherty
(secondary) in weekly meetings.

Prior work has indicated that addressing autobiographical memory impairments
(D-ABMs) can reduce symptoms of depression and prevent relapse [39, 86]. Several
face-to-face interventions are specifically designed for treating the D-ABMs [86].
Mobile apps have the potential to support the delivery of these interventions.
However, it is unclear if and how mobile apps could support these interventions.
To investigate the design opportunities for mobile apps in this space, we need to
understand current best practice relating to the treatment of D-ABMs. In order to
explore this, I conducted two studies:

• Study 1 explores state-of-the-art theory-based interventions that are specif-
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ically designed to treat depression by manipulating how individuals process
their autobiographical and episodic memories [86]. Currently, most of these
interventions are experimental and applied only in laboratory settings.

• Study 2 expands the exploration to a wider range of practice-based treatments.
Different from the interventions reviewed in study 1, these treatments may not
be specifically designed for D-ABMs but involve elements with the potential to
be used for addressing the challenges associated with clients’ processing of self
memories. These treatments are mainly used in clinical settings.

4.1.1 Study 1: Exploring state-of-the-art interventions de-
signed to target autobiographical memory impairments
in depression (D-ABMs)

4.1.1.1 Background and objectives

To understand the existing theories relating to memory impairments in depression
and its treatments, I decided to start by exploring experimental interventions. This
is because the issue of D-ABMs is well explored in the psychology domain [72, 205,
122, 40], with several intervention strategies (e.g., MEST [164, 139], CBM-I [18, 21,
61]) being developed and already shown to have potential in managing depressive
symptoms [86, 39, 72, 39]. Currently, these experimental interventions are the most
promising treatments for addressing D-ABMs; they are fully grounded in psychology
theories. Evidence of their effectiveness in mitigating depressive symptoms has been
reported in peer-reviewed publications across different fields of psychology (e.g.,
cognitive psychology [39], experimental psychology [40, 204] and clinical psychology
[86, 72]). However, these these treatments are mainly base on traditionally face-to-face
setting, and little technologies (e.g., mobile apps) are designed to support them.

To explore this, I conducted study 1, which aims to (1) investigate the key
mechanisms underpinning the theory-based interventions for D-ABMs, and (2)
identify the design opportunities for mobile apps to support these treatments. I
analysed four theory-based interventions that have been proven effective in addressing
D-ABMs. The interventions (including MEST [164], CNT [60], COMET [111],
and CBM-I [207]) were identified from a recent meta-analysis of memory-based
interventions for depression [39]. In the analysis, I examined the interventions in
terms of two key features:

(1) The key memory challenges targeted by each intervention, especially the issues
in coping with emotional memories in depression,

(2) The key procedure of each intervention for addressing these challenges raised by
D-ABMs (see table 4.1).

48



Chapter 4. Exploring app design space 4.1. Identifying design requirements

Interventions Main procedure Main memory
deficits targeted

Memory Specific
Training (MEST)
[164]

Guided by trained therapists, this
intervention presents a series of cue
words, and asks people to retrieve as
many specific memories as possible.

Overgeneralization

Concreteness
Training (CNT)
[60]

This intervention requires people to
repeatedly imagine the sensory details,
warning signs, and actions related to
difficult events and to reflect on them
in a concrete manner.

Overgeneralization,
Rumination

Competitive
memory training
(COMET) [111]

This intervention asks people to iden-
tify a positive self-identity, enrich it it-
eratively and practice such imagination
over several sessions.

Rumination,
Negative bias (neg-
ative self-image)

Imagery
Cognitive Bias
Modification
(CBM-I) [113]

This intervention asks people to imag-
ine themselves involved in prescribed
scenes. The scenes start ambiguously
and are resolved positively.

Negative bias
(future-oriented
scenario)

Table 4.1: Overview of four interventions targeting memory impairments in depression

By revealing the underpinning mechanisms identified from these interventions, I
reflected on the design opportunities for mobile applications to support the delivery
of such interventions. The reflections are reported as design implications that discuss
what mobile app features can be leveraged to support end users’ memory functions. I
particularly focus on memory technologies (e.g., life-logging tools), as these have been
specifically developed to assist users’ memory processing. Even though these memory
technologies are not specifically designed for assisting end users with depression, some
of their functionalities still have the potential to be used for addressing the memory
processing disruption in depression.

4.1.1.2 Main findings

I discuss the key findings in this study from two standpoints. The first illustrates
the main mechanism of the selected memory-based interventions, whilst the second
discusses the design implications regarding how mobile-based memory technologies
could support delivering interventions in a digital manner. I now present the main
mechanism of current theory-based treatments (table 4.1).

1. Commonly memory impairment targets of theory-based memory
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treatments for D-ABMs

• Negative bias. As highlighted by COMET [111, 40], individuals with
depression tend to have a negative self-image, and keep revisiting negative
life events. To them, negative events have more significant impact on their
psychological state than positive events. This in turn could strengthen
their negative self-image.

While coping with their problems, individuals tend to form mental
simulations based on their past experiences (i.e., self memories) [31, 100].
As pointed by CBM-I, individuals with depression struggle with forming
vivid, positive imagery of future scenarios [19]. People who hold a negative
view of their lives tend to interpret current or future events in a negative
way, which can lead to problems such as reduced abilities in problem-
solving, low motivation to engage with life events [100], and having a sense
of hopelessness and frustration.

• Over-generalisation. As pointed by MEST and CNT, a reduced
ability to recall details of past experiences prevents individuals with
depression from reflecting on what had happened. Instead people with
these diffiuclties repeatedly process abstract negative memories [164, 60].
Such deficits can be categorised as over-generalisation (OGM), which refers
to individuals’ cognitive deficits in retrieving self memories with rich details
episodic details [40, 86].

Overgeneralisation is a concomitant of depressive symptoms and can persist
even after remission from depression and potentially contribute to the next
depressive episode [40, 164]. MEST specifically pointed out that reducing
OGM may be an important target of clinical interventions for depression
[164].

• Rumination. As pointed by CNT and MEST, individuals with depression
tends to dwell on repetitive negative thoughts or memories. Rumination
goes hand in hand with the above two cognitive weaknesses (i.e., OGM
and negative bias). As a result, they tend to dwell on the depressogenic
categorical aspects of the personal past. Additionally, depression is also
associated with difficulties in disengaging with negative repetitive thoughts,
which spawn in rumination and contribute to a constant low mood and
sense of hopelessness [40].

2 Procedures used in each treatments for addressing D-ABMs:

• To address Negative Bias, CBM-I and COMET help individuals with
depression to build images of a positive future and a more positive self
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image. For the former, CBM-I exposes participants to neutral scenes,
and asks participants to imagine a vivid positive ending to the described
neutral scenes. The scenes are normally presented acoustically and visually.
During the COMET intervention, service users are asked to imagine a
positive self-identity that is incompatible with their current negative one.
COMET therapists will then help them strengthen this positive self-image
by progressively adding verbalisation, body postures, background music,
and facial expressions.

• To address Over-generalization of processing memories, MEST and
CNT support their service users to improve their abilities in recollecting
specific, emotional memories with enriched details. MEST is specifically
designed to break service users’ categorical negative thinking by training
their abilities in retrieving specific episodic memories in detail. MEST
training provides word-based cues associated with different emotional
valence, and asks service users to recall specific memories in response of the
cue-words. The therapists will then help service users to retrieve more and
more episodic details. Whilst CNT trains participants’ ability to review
the specific details of negative memories, and re-evaluate them in concrete
manner.

• To address Rumination, CNT and COMET help service users with
depression to disengage from negative thoughts more easily while retrieving
emotional memories. This is achieved by the re-evaluation process of CNT
supports people to reveal the specific triggers of negative emotions that
associate with their adverse life events. CNT also encourages participants
to explore alternative solutions and to alter the viewpoints of their
upsetting memories.

COMET aims to improve service users’ ability to retrieve positive memories
to counter their negative thoughts. Additionally, the increased accessibility
of positive memories can reduce the possibility for negative memories to
hijack one’s cognitive resources.

4.1.1.3 Design implication generated from findings

Base on the findings as stated above, I have identified a list of design opportunities
for leveraging the features of memory apps to address the identified three D-ABMs
(i.e., negative bias, over-generalisation, rumination) by delivering the four identified
theory-based treatments.

• Designing a digital memory bank with enriched memory cues:
Leveraging the features of memory apps, I can imagine a digital memory
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bank that could capture and archive service users’ positive memories across
their lifespan. Such a memory bank with encoded personal memories could
support ABMs treatments in various ways, which will be described in following
paragraphs.

• Designing apps that can support personalized training content for
enhancing positive self-image: Apps that help users to recollect specific
episodic memories (especially positive ones) can support the main procedure of
COMET, especially for building a positive self-image across time. Building on
the intervention techniques of COMET, revisiting recorded positive memories
could help users to enrich and practice their imagination of the positive self-
image. Drawing on the intervention mechanism of MEST, such apps could use
personal memory cues to help users practice their abilities in recalling specific
episodic memories. Using one’s personal memory cues as materials can make
MEST and COMET training more engaging and personalized to service users.

• Multimodal cues can improve the quality of positive memory recall:
With the help of biosensors, digital tools can capture multimodal memory cues
(e.g., audio, visual, or haptic cues), alongside textual cues. Such multimodal
cues could capture sensorial contents that can better reproduce the context of
memory encoding. By providing a context that is similar to the moment of
encoding, such digital tools can improve the quality of memory recall. This is
especially helpful for helping individuals living with negative bias to improve
their ability to remember positive memories

• App features can support situational-tailored reflection on negative
memories: Informed by CNT, digital apps can help app-users to reflect on their
negative memories in a structured manner. More specifically, with the help of
mobile technologies, apps can provide personalized, interactive templates, or
conversational agents to guide users through the reflection process. In addition,
such systems could identify users’ specific negative thinking patterns and help
to address them in a timely fashion. This can help users to better disengage
from their negative memories and manage depression in its early stage.

• App features can support positive reinterpretation and imagination:
Inspired by CBM-I, digital tools can provide material to train users’ abilities
to imagine a positive ending of life events. This can help users build a more
positive self-image that is more accurate.

4.1.1.4 Main contribution to the thesis

The main contribution of this study comprises three points:
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1. A review of the state-of-the-art interventions for addressing D-ABMs,

2. Understanding the main memory impairment targets of such interventions, and
the key procedures for addressing these targets,

3. The proposal of three design opportunities for memory technologies to address
the depression-associated memory challenges

Exploring interventions that specifically target D-ABMs is a relative new area,
as most of these interventions have only started to emerge in the last decade
[86]. Additionally, ABMs-based interventions are mainly still under experimental
exploration and are applied in lab settings [86]. Only a few service users with
depression can receive these treatments. In order to fully understand the current
best practices for addressing D-ABMs, I need to widen the scope of our research
beyond theory-based interventions. This translates into the need of exploring other
widely used approaches for treating memory impairments in depression.

4.1.2 Study 2: Exploring practice-based approaches that can
be used for memory impairments in depression

4.1.2.1 Background and objectives

Current mainstream interventions in clinical practice (e.g., CBT) are not being
specifically designed for D-ABMs, but are likely to include components that can
address memory challenges associated with depression. For example, a major feature
of depression is the constant negative interpretation of oneself and the world [16,
15], whose treatments will inevitably work on how individuals process their past
experiences and memories. These components can potentially be leveraged for treating
ABM deficits in depression.

Study 2 therefore aims to (1) identify intervention techniques within practice-
based depression treatments that can be leveraged to treat D-ABMs, and (2) explore
the design opportunities of mobile technologies to support these techniques. For this,
in study 2, I conduct in-depth interviews with ten experts on depression treatments.
On average, these participants have 15 years’ experience in working with service users
with depression. Participants’ type of experience rang from cognitive psychologists
who are expert in D-ABM interventions, psychiatrists to CBT therapies. During
the interviews, I ask participants about their practice and how they address each
memory impairments in depression. Examples of interview questions include: “Have
you worked with clients with overgeneralized memories?”, and “Have you tried to
address this overgeneralization problem? If so, how?”

While analysing the data, I specifically investigate the key mechanisms under-
pinning clinicians’ approaches in supporting each types of memory impairments
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associated with depression. I apply a hybrid thematic analysis method to analyse
the interview results [66]. The three memory impairments identified in study 1
inform the initial deductive codes, while inductive coding allow us to identify specific
approaches for targeting each type of memory impairment. To analyse each approach,
I specifically focus on what type of memory (i.e., negative or positive) these approaches
apply to, and which memory processing stages (i.e., encoding or retrieving) are
targeted by each approach. The list of codes and their definitions are revised
throughout different rounds of deductive and inductive coding. Finally, I iterate the
three key types of D-ABMs, as negative bias, overgeneralization (OGM), and reduced
positivity, and reveal the approaches for addressing each of them (e.g., approaches
such as encoding positive memories for OGM or retrieving negative memories for
negative bias).

4.1.2.2 Main findings

I now present the key findings in this study, as the practice-based intervention
strategies I identified from our participants. The key elements of current practice-
based treatments for treating D-ABMs includes:

• Strategies that can be used for addressing Negative Bias. People with
depression tend to pay more attention to negative materials and keep revisiting
negative memories. This is because they tend to retrieve negative memories
much faster and easier compared to positive ones [40, 86]. Additionally, such
individuals tend to find it difficult to disengage from negative materials and
memories, which increases the likelihood of rumination.

To address this, our interview results indicate that both CBT therapists and
D-ABM experts help clients to analyse their negative memories to support
better disengagement. Another common practice in both CBT therapies and D-
ABM treatments is to help clients to reframe their interpretation of the negative
memories and encode the less negative reframed memory.

While clients are retrieving memories, D-ABM experts encourage their clients
focus on memory retrieval, and avoid rumination hijacking their attention. CBT
therapists help their clients to actively plan and engage in positive events, and
code the newly generated positive memories for creating a more balanced life
overview.

• Strategies that can be used for addressing OGM. OGM in depression
mainly impacts individuals’ abilities in retrieving episodic memories through
the generative retrieval process, instead of the direct retrieval process (detail
see literature review). Negative bias and overgeneralization reinforce each other
and contribute to a profound negative life summary and self-perception.
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To treat this issue, I found that D-ABM experts intervene to improve clients’
ability in episodic recall from emotional cues through a generative retrieval
process. The key to their approach is to use generic cue words to ensure
only generative retrieval is activated. The list of cue words involve certain
emotional valence (e.g., negative, neutral, or positive). This is because people
with depression experience different severe difficulty in retrieving memories with
different emotional valence (e.g., individuals with depression tend to find it
difficult to retrieve positive memories, whilst extremely easy to retrieve negative
memories) [40, 86]. For example, users with depression tends to retrieve
negative memories much faster and easier than positive ones, while experiencing
difficulties in retrieving positive episodic memories in clear detail. Additionally,
this approach requires therapists to provide a scaffolding process to make sure
clients are focusing on the memory retrieval process, not rumination.

Meanwhile, CBT therapists address OGM by breaking their negative thinking
patterns. Such therapists work on improving clients’ ability to retrieve positive
memories opposing their negative-biased overgeneralized thinking.

• Strategies that can be used for addressing reduced positivity. For
depressed individuals, retrieving positive memories tends to has limited impact
on their mood [40]. This is because even if a positive memory can be successfully
retrieved, such memories are less vivid and emotionally-intensive, impeding
depressed individuals from experiencing the positive emotions associated with
it.

I found all of our participants had strategies for addressing this issue. Their
approaches mainly lay in improving clients’ ability to retrieve positive memories
and to re-experience the associated positive emotions. For instance, CBT
therapists described their approaches in helping clients to relive and enhance
the positive memories. They would also encourage their clients to encode these
enhanced memories for later retrieval. These approaches are helpful for clients
to build a better self-identity utilising positive memories.

4.1.2.3 Design implication generated from findings

The result of the study 2 revealed the key strategies of practice-based interventions
for addressing D-ABMs, which enriched our understanding of D-ABMs and its target
treatments. Combining with the design suggestions generated in study 1, I identified
the design space of digital technologies, which can better deliver both clinical-practice
based and theory-based techniques for treating D-ABMs.

• It is beneficial to design a digital memory bank to enhance life
positivity: Findings indicate that improving service users’ abilities to encode
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positive memories is a widely used approach in clinical settings. Albeit not
specifically designed for D-ABMs, this approach is useful for addressing the
challenges these memory deficits pose.

Digital tools can support purposeful planning and encoding of positive life events
and encode them for later retrieval. For example, such systems can prompt
users to actively notice, identify, and better record everyday positive moments.
By providing novel, rich, expressive, and multisensorial interfaces, such digital
apps could further strengthen the felt-life [140] quality (providing a sense of
lived, sensorial, emotional experience) when individuals retrieve their positive
memories. Individuals who can recollect high-quality positive memories with
vivid details could find it easier to form a more positive self-image.

• To ensure safety of app usage, it is essential to support selective
(mood-dependant) retrieval of positive memories: Individuals with
depression are vulnerable to the risk of having negative-biased, over-generalised
(OGM) memory recall style (see finding 1.1 and 1.2), and digital tools need to
be carefully designed to avoid harming them [45, 39]. For example, digital
tools that work with app users’ emotional memories may trigger a strong
emotional response, and are likely to induce a negative mood [110, 143] or
even trigger rumination [45]. The risk applies to both retrieving negative and
positive memories. Designers need to understand the risk of working with users’
emotional memories, and develop strategies to safeguard users while addressing
the memory impairments associated with depression.

For example, following our findings, digital tools could support selective retrieval
of positive memories as resources to break specific negative thinking patterns.
However, prior psychology literature shows that retrieving positive memories
can be problematic for depressed clients [45, 39], especially when they are
experiencing negative moods at the time [45]. This is because individuals with
depression tend to compare past happiness with current low mood, which can
worsen the present negative mood and trigger rumination [40]. Digital apps
designed for end users with such issues should access users’ current emotional
state, and adapt the retrieval of emotional memories accordingly. For instance,
to help service users experiencing ruminative mood, it is better to work on
mitigating their negative mood than prompting the retrieval of happy memories.
When users are in a positive or neutral mood, such systems can prompt them
to identify and retrieve positive memories as counterexamples to guard against
their repetitive ruminative thoughts.

• It is essential to tailor memory tools to specifically fit the distinctive
D-ABMs: Current memory tools mainly aim to support people with Episodic
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Memory (EM) impairments, but depression is not generally associated with such
impairments. It should be noted that the autobiographical memory impairments
in depression are fundamentally different from episodic memory impairments.
Compares to memory loss related difficulties in direct retrieval of specific
EMs, D-ABMs are associated with difficulties in the generative retrieval of
specific EMs through higher levels of autobiographical memory systems (ABMs).
Current memory tools are mainly designed for supporting users’ direct memory
retrieval of EM. When users with depression uses such tools, the apps can neither
provide support for mitigating D-ABMs nor protect user if rumination hijack
their attention while retrieving memories. This can be particularly risk of users
in negative moods, as their moods may tint their past memories and leads to a
stronger negative emotional response [110]. link back to findings

Drawing on the D-ABM experts’ approaches to addressing OGM, apps that
focus on addressing D-ABMs need to provide novel cues that assist the
generative retrieval instead of direct retrieval of specific EMs. The content of
such novel cues should be generic enough (i.e., relating to higher-level memory
representations, such as lifetime periods and general events), rather than specific
(e.g., about specific episodic memories). For instance, we can imagine such
systems to hide the episodic details being recorded in the digital captured
cues, and only present these details once users successfully achieve them by
themselves. For example, such systems can remove or hide the episodic details
of pictorial cues from specific life events, or only present meta-data (e.g., time,
location, short textual note) of the captured emotional episodic events. These
general cues can form a personalized training content for users to practice their
abilities in retrieving episodic details through generative retrieval.

Additionally, it is safer to use such generic memory cues for users with
depression, as it could encourage users to focus on the memory retrieval process,
which reduce the risk of being distracted by rumination. For this, I suggest such
technologies to also provide scaffolding questions (e.g, via AI conversational
agent) to guide the users throughout the retrieval process.

• Introducing tailored memory technologies can benefit digital apps
for depression: Besides tailoring memory apps for users with depression.
Traditional depression interventions can also benefit from integrating D-ABM
tailored memory systems as an additional feature. Such feature can provide
personalized training materials that are relevant to users’ life narrative. This
can make the online treatment more person-centric. For instance, introducing
a digital positive memory bank can help users to track positive memories from
everyday life events and provide a visualized training progress and a sense of
achievement. Adding these features to depression platforms can help increase
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user engagement with the digital intervention, as these interventions can be
more personalized, relevant, and interactive to app users.

4.1.2.4 Main contribution to the thesis

The main contributions of this work include:

1. Providing a rich understanding of how memory impairments in depression are
being addressed by practice-based approaches,

2. Identifying the design opportunities for mobile apps to support mitigation of
D-ABMs.

Study 2 extended the results of study 1 in two ways. First, study 2 explored how
memory impairments in depression are addressed in a wider range of approaches in
practice, which enriches our understanding of best practice in addressing D-ABMs
(both in theory and in practice). This informs the iterated design requirements for
mobile apps to support treatments for D-ABMs. The design requirements generated
in this study guides the data analysis of study 3 for answering research question 2.1,
which aims to explore current app features that are suitable to meet the requirements.

Study 2 also conducted an in-depth interview study with experts on depression,
which enabled the researcher to gain a richer understanding of therapists’ opinions,
experiences, and incentives behind their approaches. Building on study 1, study 2
guides the generation of the design toolkit in study 5 (for answering research question
2.2), which aims to support designers’ understanding of D-ABM related theories and
the current best approaches for addressing the challenges these memory impairments
pose.

4.2 Assessing Existing App Features

This section reports two systematic evaluation work of mobile applications
that I have conducted with supervision from Professor Corina Sas (as my
main supervisor at the time), with the final phases of the project finished
with joint supervision from Dr Gavin Doherty. Besides the supervision
from Professor Sas and Dr Doherty, I undertook the main research work,
including review of literature, data extraction (including app searches and
selection, as well as data extraction), data collection and data analysis
(including app evaluation and data coding). Dr Claudia Dauden Roquet
(at that time working as a PhD candidate) has also contributed in the
second round of data coding and analysis for cross-checking data validity.
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The design requirements proposed in study 1 leads to studies for answering research
question 2 (see figure 1.1, RQ 2.1 and RQ 2.2). This section describes studies for
answering RQ 2.1, which explores the best design of mobile apps that can meet the
requirements proposed while answering research question 1. For this, we need to
understand the best combination of app functionalities to be included for addressing
the autobiographical memory impairments in depression. However, it is unclear what
functionalities can be included and leveraged, as few mobile technologies have been
developed for D-ABMs. This motivates the two app evaluation studies conducted in
this stage:

1. Study 3 specifically investigated app functions that can be included in D-ABM
apps. This included functions not specifically designed for these apps but which
have potential to address D-ABM related issues.

2. Study 4 investigated the functions of currently available depression apps. This
study focuses on functionalities that are useful in ensuring the design of D-
ABM apps can manage users’ depression globally. In addition, study 4 also
identifies the common pitfalls in current depression app design, and suggestions
for avoiding them.

The reason why I applied app evaluation method for answering RQ 2.1 is
because exploring commercial depression apps is the most straightforward way
to understand what major end-users encounter when they search for depression
support. Due to the rapidly changing market of depression apps, prior academic
researches works on mobile app market for depression is not fast enough to cover
the most up-to-date depression app analysis [158, 181].

In this stage, I present a comprehensive view of app features for addressing D-
ABMs, which combines the results from direct observation of current apps and
the results of reviewing prior academic reviews of depression and memory apps.

4.2.1 Study 3: Exploring the most effective app functionali-
ties for treating D-ABMs

4.2.1.1 Background and objectives

There are many apps functionalities available for addressing the various needs of users
with different mental health challenges, many of these challenges have not yet being
explored enough by HCI researchers and designers. The market of commercial apps
is growing rapidly. By 2019, over 300,000 health apps had been developed, with a
yearly growth in apps of 25%, making mental health apps one of the fastest-growing
sectors. A variety of app functionalities are designed to meet different wellbeing needs
to satisfy different types of user groups.
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Some mental health apps may contain functionalities that can be leveraged to
address D-ABMs, even though they are not particularly designed for it. For example,
CBT apps contain cognitive diary functionalities for managing depression symptoms.
These diary entries contain records of end users’ life events and can be used as cues
for service users to process their personal memories. Therefore, the diary recording
function of CBT apps can be potentially leveraged for D-ABMs. Study 3 therefore
aims to: (1) Discover currently existing functionalities that can be potentially
leveraged to support D-ABMs; (2) Explore ways of leveraging these functionalities
to fully address D-ABMs

In this study, I reviewed current apps that target memory and depression
management (full study study protocol can be found in appendix C). Then, I extracted
their functionalities suitable for D-ABMs. We choose to review top-ranked apps that
fall in the intersection of memory apps and depression apps. This is because they are
likely to provide functionality that can support memory processing and depression
management at the same time.

The apps were retrieved from two major mobile app marketplaces (iOS and
android), through searching relevant keywords (e.g., “memory” or “depression”). The
initial search result yielded 482 depression apps and 3119 memory apps, and 20 apps
were finally selected and evaluated for the study (details of app selection process can
be seen in chapter 3 and peer-reviewed publication in appendix C).

To analyse the selected apps and access app functionalities, I used an experimental
evaluation method [98], where the author directly used each of the selected apps to for
a period in real world setting, to gain insight into the actual content of the downloaded
app.

4.2.1.2 Findings

The findings comprise two parts. First, I explain existing app functionalities that
are suitable to be leveraged for D-ABMs. The existing functionalities of selected
apps are described from two perspectives: (1) functionalities for managing depressive
symptoms that work with users’ self-memories, (2) a closer look into how each these
functionalities help users process these memories.

App functionalities that are suitable to support D-ABMs
I idenitifed the following three types of therapeutic functionality for managing

depression: The results can be seen below:

• Mood tracker (most popular function, employed by 75% (15/20) of
apps): Apps that provide mood tracking functions normally also encourage
users to track and identify mood triggering factors (e.g., thoughts or their
activities). Some apps only provide standalone mood tracking functionality.
These apps are mainly designed to identify users’ mood patterns and help users
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understand factors affecting their mood. Some apps provide mood tracking
functions alongside other therapeutic functionalities. For these apps, mood
tracking is provided as an assistive tool integrated with the other app-based
interventions. For example, CBT apps allow users to record their mood changes
as part of CBT intervention. Such apps use tracking data to visualise user
progress.

• Thought diary (provided by 65% (13/20) of apps): The function of
thought diaries is mainly found in CBT apps, which allow users to record their
thoughts as part of the intervention. App users can then review their recorded
thoughts and apply CBT techniques to challenge them. For example, such
apps can guide users to recognise thought distortions, then guide the users to
read psychoeducational articles about their thought distortions to help them
challenge these.

• Encouraging positive activities, e.g., exercise, meditation (found in
60% (12/20) of apps): Apps that provide this function mainly encourage
users to either plan and engage in positive events or find everyday positive
(appreciative) events. The apps then encourage users to encode these positive
events for later retrieval. The process of engaging in positive activities is
designed to have a therapeutic effect.

I then analysed how current app functionalities support users’ memory processing.
The results can be seen below:

• Assisting memory encoding through structured templates. Among the
selected apps, I found 75% of apps provide templates to guide users through
various stages of memory processing (i.e. recording, encoding, and reviewing).
However, most templates are not designed in text-based, static, and generic
manner, which may lack interactivity and can be thus less engaging to users.
Some apps can provide templates in a more engaging form. For example, 2 apps
allowed users to record their memories by conversing with AI chatbots).

• Collecting cues to assist memory recall. Most of the memory cues used
by apps are generic and non-personalised. For example, all mood-tracking apps
provide pre-defined tags (e.g., emoticons or texts) as cues for users to select
and log their current moods. These general cues may have a limited effect
in assisting memory retrieval. Some apps also allow users to record additional
personal cues alongside the generic cues. For example, I found 12 apps that allow
users to record short textual notes or attach photos to each mood logs. As for
cue modality, I found textual cues are the most used cue modality, followed by
pictures. Additionally, I also found 1 of the 20 selected apps allow voice input
as memory cues.
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4.2.1.3 Design implication generated from findings

I now present the design implications for leveraging current app functionalities for
addressing D-ABMs, learning from the app evaluation result as stated above. Based
on the findings, I identified several app features that should be included in apps for
addressing D-ABMs.

• Include functionalities that encourage active planning and purpose-
fully encoding of positive memories.

Encouraging positive activities is a common app function for managing de-
pression while working with self-memories. Our result of RQ 1 has already
suggested the importance of D-ABM apps in supporting the recollection of
positive activities, and in supporting such features

However, current logs are mostly pre-defined and with little self-input content.
App users may find it difficult to recall memories related to the recorded
activities with such general cues. To better leverage such functionalities for
addressing D-ABMs, I suggested providing more enriched content for app-
assisted activity logging, by allowing users to enter more contextual information
of the event to be recorded. For example, users could be encouraged to enter
more details of the events or attach photos, video or audio records of the event.

In addition, I have found that the reviewed 20 apps mainly recommend pre-
defined sets of positive activities. To achieve the best effect, I suggest apps
allow users to purposefully plan the positive activities that can fit their own life
goals and address their own needs. I also suggest providing a visualised progress
of achieved plans to further enhance engagement. Informed by prior research
[128, 186, 108, 54], these features can be both beneficial for activity engagement
and depression management.

• Provide enriched cueing content to support sufficient memory recall
(Tailoring memory cues for D-ABM apps).

The findings show that it is common for apps to provide tracking functions, such
as of moods, thoughts, or everyday life activities. Due to D-ABMs, app users
may experience a variety of challenges while processing emotional memories
(e.g., negative biased over-general memory recall). Apps that provide such
functions could use these track data as memory cues to improve users’ abilities
in processing the associated emotional memories. To satisfy the unique issues
that D-ABMs pose, I need to tailor the current functionalities before adding
them to D-ABM apps.

There is an opportunities for D-ABM apps collect and present more enriched
cues with more contextual information as a novel feature with potential of
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supporting mitigating D-ABMs. General cues are less efficient to support
memory processing, as the uniqueness of cue content is a key factor of cue
efficiency.

One way of doing this is to allow users to record personal cues with activity
logs, such as personal thoughts or mood changes during the event, or pictures
with contextual information of the activities. Apps could also provide templates
to assist users in recording events with more contextual information (e.g., who,
where, what).

In addition, including multimodal cues (e.g., voice, pictures) can be also helpful
for enriching the contextual information of memory cues. This is because cues
in such modalities include more spatio-temporal content than textual memory
cues. Such features can be easily implemented by leveraging the affordance
of mobile devices (e.g., phone-integrated microphones and cameras). Engaging
external sensors can also allow employing other cue modalities, such as odour,
taste or haptic cues.

• Protect users and prevent rumination while using the app.

Individuals with depression can be vulnerable to contents that can potentially
induce negative emotions. It is important to safeguard users in these potential
scenarios with risk of triggering negative or ruminative response. For example,
prior studies have indicated that individuals with depression tend to find it
challenging to engage in activities and tend to interrupt all future scenarios in a
negative-biased manner. This can impede such individuals to engage in positive
activities that can possibly create happy memories. This is due to depression-
induced issues such as low motivation and reduced concentration. In addition,
individuals with depression also tend to have negative self-identity, which leads
to stronger negative responses in interpreting everyday life events. This means
failing to engage with previously planned activities would induce a sense of
failure, which may contribute to worsening of mood or even induce rumination.
Therefore, such apps need further assistance to help users disengage from the
plan due to low motivation. For instance, deciding to not to engage in pre-
planned activities maybe due to or caused by ruminative thoughts (e.g., ”this
event is going to end in disaster” or ”I am a failure, I cannot even keep up with
my plans”). In such scenarios, we can imagine the D-ABM system can access
users’ current mood, and prompt users to engage in therapeutic strategies to
help disengaging with such emotions.

Moreover, prior literature has indicated a risk for users with depression to
review their emotional memories. This is especially risky when users are in
a sad mood, as reviewing emotional memories may trigger negative emotions
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or even rumination, which can potentially induce rumination, worsen mood, or
even play a negative impact on individuals’ current depressive symptom [45].
Selective memory retrieval can be a good way to prevent this from happening.
For example, such apps can access users’ current mood, and avoid presenting
them app-content that may induce a sad mood (e.g., memory cues related to
users’ current ruminative thoughts). I found that 2 apps identify users’ moods
while using the app. However, none of the current apps filtered their content
according to users’ current mood. Additionally, most apps do not allow users
to view their emotional memories selectively. (I.e., only 4 apps allow users to
search and view memories by entering keywords, no app allow users to only view
positive memories). To improve this, I would like to highlight D-ABM apps’
importance in accessing users’ current moods and tailoring the app content to
users’ mood and contexts accordingly. For instance, to allow users to retrieve
their emotional memories when they are in a happy or neutral mood.

4.2.1.4 Main contribution to the thesis

The main contribution of this work includes:

1. Accessing current digital app functionalities that can be added to the design of
apps for D-ABMs.

2. Analysing limitations of current digital app functionalities.

3. Exploring the design opportunities of combining and leveraging these app
functionalities into the design of apps for D-ABMs.

However, exploring ABM functionalities alone is not sufficient, as we need to
ensure D-ABM apps are effective in depression management. In addition, since D-
ABM apps are targeting app users with depression, we need to understand what are
the universal requirement and regulations for depression apps are, and if ABMs-apps
can meet these requirements. For instance, we are not sure if apps that solely provide
functionalities for D-ABMs can be sufficient for the needs of app users with depression.
This translates into the need of investigating current depression apps. Additionally,
as study 1 and 2 suggested, digital ABMs-interventions can work the best while being
integrated with other depression interventions. This leads us to explore how to best
integrate D-ABM app functionalities to depression apps.
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4.2.2 Study 4: Exploring best app functionalities for general
depression management

4.2.2.1 Background and objectives

In addition to investigating the intersection of memory and depression apps to identify
useful functions, I investigated apps more generally designed to manage depression.
Therefore, we need to make sure such apps can support depression management
globally. E.g., to know if and what other functionalities are effective in managing
depression and therefore need to be included in the design of D-ABM apps). This
motivates study 4, which aims to understand current depression apps from the
following aspect:

(1) Key app functionalities for managing depression,

(2) Limitations and common pitfalls in app design,

(3) Ways to address or avoid these pitfalls.

In study 4 I therefore conducted a systematic evaluation of current depression apps
on the major marketplace (iOS and android). I identified the apps through searching
relevant keywords (i.e., “depressed” or “depression”) in app searching engines. From
the initial 484 apps, I have filtered finally selected 29 top-rated apps that meet the
inclusion criteria for the review study. The inclusion criteria includes being accessible
at the time of app selection, having had average user review scores high than 4.0 (out
of 5.0), and the scores are generated by balancing over 100 reviews from app users
(details in appendix D). The process of app selection includes steps such as removing
apps that are duplicated, do not meet the inclusion criteria (e.g., , and are not relevant
or top-rated

4.2.2.2 Findings

1. Review of depression apps

1.1. Reviewing current functionalities of depression apps:

Screening of depression severity (found in 9 of 29 apps). Screening
functions are provided for either monitoring symptom changes during the
engagement with app-delivered intervention, or as the standalone function for
self-diagnosis purposes. Around half of the apps reviewed failed to provide
validated screening tools (e.g., PhQ-9), but instead use less validated tools (e.g.,
Szondi test) or simply don’t reference the tools they utilise.

Some apps use the screening results to inform the delivery of therapeutic
strategies to help mitigate the symptoms. However, these apps mainly present
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pre-defined psychoeducation articles to users, or suggest users discuss their
results with health professionals. I found 2 apps that allowed personalised
intervention content based on users’ screening results, without providing
evidence for validating their claims (i.e., I cannot find information regarding
how this peronalisation is tailored to the screening result).

Tracking depression symptoms (popular function, found in 19 of 29
apps). At the time of review, I found that the selected apps allow users to
track one or multiple aspects of their life, e.g., thoughts, behaviours, moods, or
depression symptoms (e.g., depression screening result). The various purposes
of these tracking function included:

• Assisting the provision of personalised intervention

• Visualising training progress, and

• Identifying mood-change patterns and triggers.

In terms of viewing the tracked records in apps, text can be the most employed
modality for recording thoughts and moods, followed by emoticons and scales for
recording moods. From the apps reviewed in this study, all the 14 apps do not
provide searching function of the tracked data, but instead mainly present these
data in chronological order. This means users cannot filter and only revisit
some of their records. This is problematic as findings in study 2 has shown
the importance of providing selective retrieval according to users’ current mood
state to avoid risking harm to users with depression (discussion see appendix
B),.

This opens up opportunities to improve the presentation of tracked data,
especially for allowing selective revisit of track data and supporting selective
memory recall according to users’ current state.

Provision of depression interventions (provided by 24 apps). Most of
the therapeutic functionalities are informed by psychological interventions. I
identified 7 types of therapeutic functionalities that can help managing depres-
sion. This comprises thought diaries, psychoeducation, mindfulness, scheduling,
positive behaviours, emotion regulation strategies, and emotional expression.
Most of these app functionalities reflect elements of recognised face to face
psychological therapies. For instance, thought diaries are part of a traditional
CBT intervention content. Besides, functionalities that encouraging positive
behaviours are aligned with another traditional psychological intervention, i.e.,
behaviour activation.

Most of these functionalities were personalised to some degree in the apps
reviewed in this study. For instance, around half of the apps that provided
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psychoeducation articles tailored their content specifically to fit users’ depression
assessments. Additionally, app functionalities such as thought diaries were
mostly tailored to users’ real-time tracked thoughts or emotions. This app
function guides users to identify and challenge their negative thought patterns
and distorted thoughts.

1.2. Reviewing ethics considerations of current depression apps

In this subsection, I discuss ethical considerations raised while reviewing the
depression apps. This is because embedding the ethical principles is essential
while designing for such a vulnerable user group [147].

Apps are rated as safe for children or adolescent users, however, with a
mismatch between apps’ descriptions and the actual app content: For
example, our results (see in appendix D) indicate that most apps are classified
as suitable for children (76% suitable for users older than 3 years). However, I
fail to find any app design tailored to fit children’s needs (e.g., allowing parents
to supervise children while using the app). These apps provide the same app
content for both adult and children users. Besides, more than half of the apps
do not provide age-appropriate privacy policies. E.g., the policy contents are
inconsistent with the age rating claim on the app marketplace. E.g., 58% of
apps claim to restrict users to a specific age group, but their marketplace age
rating includes the restricted age group.

There is a lack of evidence base of current depression apps’ statement.
More than half of the apps (18/29) have claimed that their app design are based
on scientific theories. However, there are no evidence for proving these claims.
Besides, it is unclear if these apps can actually deliver the interventions as they
claimed to offer. Moreover, the evidence of app efficacy is mostly absent. For
example, only 2 of 29 apps provide direct evidence (i.e., peer-reviewed scholarly
work) for their effectiveness in reducing depressive symptoms. This may indicate
that many currently available depression apps fall short of following ethical
principles in developing digital products. For instance, the fact that 59% (17/29)
do not mention the involvement of mental health professionals in their design
(see appendix D) indicates that these apps fail to follow the Guideline 2.6, as:
“(developers should) perform work only in areas of competence” in ACM Code
of Ethics and Professional Conduct [189].

Some top-ranked depression apps are poorly designed and may induce
harm to users. Healthcare apps are sensitive by nature. Poorly designed app
content may cause a potential risk of harm. Users with depression are especially
vulnerable, with some at risk of self-harm or suicide. Exposing such vulnerable
users to negative content (e.g., contents that express a sense of hopelessness,
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despair, or even death) may trigger even stronger negative behaviour (e.g.,
self-harm). This is worrying as I have identified 2 reviewed depression apps
that provide potentially disturbing content without safeguarding procedures
such as prompting users to contact emotional crisis helpline. This includes
quotes capturing negative thinking (e.g., ”have you ever feel like not existing
anymore”), or images with themes related to death. Exposure to such contents
which may inducing content-viewers’ at-risk behaviour. These 2 apps are highly
rated on the marketplace (i.e., review score of 4.4 and 4.6 out of 5). Therefore,
they are likely to be used by users with depressive concerns. The risk of using
such apps is not mentioned either in their marketing information page or in app
content.

Many depression apps are designed without strategies to safeguard
users. Most of the top-ranked depression apps (21 of 29) do not have
information for handling or preventing the sick of suicide. This is concerning
given that depression may lead to serious consequences such as suicide, and
safeguarding strategies are therefore needed. From the other 8 apps that provide
safeguarding strategies, I found that most apps (5 apps) provide information on
accessing external support services (e.g., helpline), or suggest users to contact
local emergency services (2 apps). 1 app allows users to form a personalised
safety plan for handling crisis.

2. Limitation of current depression apps and ways of improving their
design

2.1 The design of depression apps needs to protect users. Given the
increased vulnerability of depressed individuals, I argue that designers of
depression apps need to take the vulnerability of app users into consideration,
and to include strategies for safeguarding users. For instance, while designing
apps for assisting users’ emotional expression, designers need to include
strategies for protecting users from consuming potential negative content
provided in app, such as limiting views of these contents. This is because such
apps may involve content that can trigger users’ negative mood, rumination or
even induce emotional harm. Besides, the tracking functions of depression apps
should also be carefully designed to minimise the risk of triggering the vivid
recall of the emotional memories. This is because recalling emotional memories
may be potentially risky to individuals with depression by triggering negative
emotions or even rumination, and track records such as thought diaries includes
predominantly negative contents. Moreover, apps for users with depression
should provide information for immediately accessing mental health support
if users are at risk.
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2.2 Depression apps should protect users’ privacy by improving the
quality of apps’ privacy policies (improve readability and appropriate
to target users’ age). Prior research indicates the prevalence for healthcare
apps that sell users’ data to technology companies [181, 167, 195]. Users are
often not aware of the risk of having their private data exposed to others [181,
98]. This is worrying given the sensitive and personal nature of healthcare app
data. Our results show that apps are mostly rated as suitable for children and
adolescents in the marketplace. Aligning with prior research, our results also
show that apps’ privacy policies are rarely adequate, easy to find, or readable to
typical users. Only a few apps in the current UK market are following General
Data Protection Regulation (GDPR) compliance [151].

I argue that app developers and marketplaces that host depression apps are
responsible for users’ privacy protection. This is especially important for
ensuring users are fully informed upfront of the risk of having their data shared
with third parties. This can be achieved by providing consistent and readable
information in the app description and their privacy policy and making sure the
privacy policy is easy to find.

2.3 Improve users’ engagement with depression apps. Current depression
apps face the challenge as high user attrition (normally defined as the number of
app users leaving the app without completing the a course of treatment [54, 63]).
Prior research has indicated a few strategies for increasing users’ engagement,
such as providing personalised intervention content, involving concepts from
gamification, and allowing users to access social support while using the app.
Our result shows that depression apps provide personalised intervention content
to some extent. I can fully leverage the affordance of mobile phone and deliver
more time-adaptive intervention content that are tailored to users’ current state
(e.g., thought or moods). For example, good practices already emerge from
2 apps reviewed in this study, which utilise an AI conversion chatbot (e.g., a
live-chat experience simulated by an AI robot) and provide psychoeducational
content that is relevant to users’ recorded thoughts. With the affordance
of mobile apps, more responses can be designed and delivered as give real-
time response of users’ input. This will make the app more personalised and
interactive, and therefore more engaging to app users.

As overuse of mobile apps can also induce risk of harm to end-users [118], we
should also note the potential risk of inducing app-addition while improving
users’ engagement to using mobile apps. Current digital provisions use various
sophisticated methods to avoid creating addictive behaviour while engaging app
users [84, 104, 119, 103]. It is important for future work to investigate into ways
for users to engage depression apps in the most healthy manner.
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2.4 Provide progress visualisation that supports episodic memory recall.
Our result shows that current depression apps provide visualisation of training
progress to motive users. Current progress visualisation is mostly presented in
an abstract manner (e.g., short note in textual format), and it is difficult for users
to retrieve specific memories from seeing the progress. I suggest simultaneously
capturing memory cues with contextual information and integrate them with the
record of progress. This could allow users to understand the value of the app for
their wellbeing, and better motivate them throughout completing intervention
activities. This can also work as a digital positive memory bank, where users
can record and review a collection of achieved activities and gain a better sense
of achievement.

4.2.2.3 Main contribution to the thesis

The main contribution of this work include:

1. Access current app functionalities for managing depression symptoms

2. Analyse the limitation of current apps for depression, and suggest ways for app
designers to address these limitations in future practice

3. Explore opportunities to integrate app functionalities of D-ABMs to depression
apps

Study 4 provides a comprehensive overview of the current marketplace of apps for
depression. By identifying the common flaws of current depression apps, the study
results enabled us to construct a checklist for future designers to avoid making the
same mistakes when designing apps for depression.

4.3 Summary and Reflection

Four papers were published from the findings described in this chapter:

• Study 1 is published as a work-in-progress in Proceedings of the 32nd Inter-
national BCS Human-Computer Interaction Conference (HCI), 2018. The full
published piece is attached in appendix A,

• Study 2 is published as a full paper in Proceedings of the 2019 CHI Conference
on Human Factors in Computing Systems, 2019. The full published piece is
attached in appendix B.

70



Chapter 4. Exploring app design space 4.3. Summary and Reflection

• Study 3 was published in Annual Review of CyberTherapy and Telemedicine
scientific journal to Cypsypsychology conference 2020. The full published piece
is attached in appendix C.

• Study 4 was published in JMIR special issue, 2019. The full published piece is
attached in appendix D.

I summarised the key points extracted from the above four research papers, and
wrote this thesis chapter with the aim of providing a rich understanding of how D-
ABMs are treated by current psychology interventions (study 1-2), and how can these
interventions inform the design of apps for addressing D-ABMs.

Through analysing the main mechanisms underpinning current treatments, the
findings stress the importance of designing apps that are specifically tailored for end-
users living with depression and its associated memory impairments. The works in
this stage also led us to identify the requirements of mobile apps that can support
ABM-based treatments effectively. This begs the questions of how to design features
of ABMs-targeting apps that meet these requirements, which motivates the following
studies in the following stages for answering research question 2.

Following this, the subsequent studies (study 3-4) provides an exploration into
a combination of app functionalities that could be included in apps to address D-
ABMs. I also explore the marketplace for hosting depression apps and suggest a few
pitfalls to be avoided while designing apps for D-ABMs. This understanding can
guide the future design of D-ABM apps that fit the best standards and requirements
of depression apps.
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Chapter 5

Translating the empirical findings
into real-world HCI design
practices

This chapter reports the process of generating the theory-based input
materials (includ- ing persona cards, scenario cards, theory cards, as
well as the design sprint workshop progress and instruction cards) for
facilitating future designers and researchers to apply the empirical findings
of the work I have conducted and reported in the previous chapters.

I have mainly conducted the work, including reading and synthesising the
liter- ature’s, organizing information. The work also involves collaborative
input from Camille Nadal , as a co-author of the research project. Besides,
Dr Muhammad Umair also contributed to the work The project was also
conducted under joint supervision from Professor Corina Sas and Dr
Gavin Doherty.

5.1 Overview

In this work, I mainly focus on D-ABMs and a wider (related) range of cognitive
impairments in depression. Such D-ABM theories are mainly described in academic
research papers, and have not yet been translated into accessible materials for
designers. Designers need support to equip them with sufficient knowledge about
D-ABM theories, and adequate skills for designing D-ABM supports. Lacking
such design supports can be the reason why designers rarely incorporate them into
psychology theories into their current design of depression apps.

The questions I seek to answer in this chapter is RQ3: How can we facilitate
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the design process of apps for ABM impairments in depression? To answer
this, I tested a self-developed design toolkit on a cohort of app designers. Development
of the toolkit was based on the principles of translating the complex psychology
theories in actionable format suggested by prior research works [64, 17, 105].

5.2 Designing the Toolkit

This section describes how I explored the key component of the design toolkit for
bridging the theory-design gap of D-ABMs. This includes 3 steps: deciding theory
foundation, distributing theories to toolkit design, and toolkit iteration.

5.2.1 Step 1: Deciding theory foundation of the toolkit

The theory base underpinning the toolkit triangulates both empirical findings
obtained from the studies described in chapter 4, psychology theories around D-ABMs,
and a wider range of cognitive impairments in depression.

Firstly, I developed two design goals based on the results generated in study 1:

Goal 1: The app needs to support users to engage and record daily positive
memories that are useful for ABM-treatments,

Goal 2: The app needs to support users revisiting their recorded memories and
in processing them therapeutically.

The goals highlight the importance for D-ABM apps to provide the function of
a digital memory bank that can capture app-users’ positive memories. This inspire
us to identify theories that can encourage users to actively record positive memories
in everyday life. From reviewing psychology theories that are effective in motivating
users with depression concerns, I decide to involve goal-setting and planning theories
in the design toolkit. (see table 5.1). Through reading the above literature, I then
identified 5 themes (later referred as design contexts) of D-ABM apps, each with
design challenges and revised design goals of this context (see table 5.2). The five
unique design contexts describe five different stages of end-users creating and engaging
with emotional memories through using the app. In each of the five contexts, end-users
face different challenges that need to be addressed by the design of a D-ABM-focused
app.
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Key app requirements Draw from literature
Support engaging and recording
daily positive memories

Theories and interventions on helping indi-
viduals with depression to plan and perform
positive activities. I.e., GAP (goal setting
and planning) [49, 186, 128]

Facilitate revisiting the recorded
memories and better process them

Theories and interventions for managing D-
ABMs [86, 40]

Table 5.1: Design goals of the toolkit and their mapping of theories

Related
theory

Design theme Design challenges Revised design goals

GAP
1.Goal setting Decide feasible

goals/plans that can
benefit depression
alleviation

Encourage app users to
plan and engage in
positive daily activities

2.Plan setting

D-ABMs,
GAP

3.Memory
recording (if
achieve plan)

Engage users while
engaging with
positive-provoking
activities.& Encourage
app users to record
positive memories

Avoid/ alleviate
emotional distress while
using the app

4.Memory
recording (if fail
the plan)

D-ABMs 5.Memory
(progress)
revisiting

Present recorded memo-
ries in a way that is safe
and helpful for address-
ing D-ABMs.

Facilitate users to re-
view and retrieve positive
memories appropriately

Table 5.2: Mapping of design themes to psychological theories.
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5.2.2 Step 2: Distributing theories into the toolkit design

I then distributed and combined the identified design goals, challenges, and the related
psychology theories into the design toolkit. (See figure 5.1 and table 5.2). The toolkit
comprises two parts: 1) a set of design cards, and 2) a description of the design
procedure for guiding participants to use the design cards.

1) Toolkit Part 1: The composition of design cards (figure 5.2)

Inspired by recent work [26, 28] on adapting academic knowledge to design
practice, I choose design cards as the format for the design toolkit, as they are
one of the most useful tools when bridging the gap between complex theories
and design process [64, 17, 105]. The cards developed comparise:

• Persona cards (N=3): The three persona cards feature textual descrip-
tions of three fictional app-users living with D-ABMs. Each persona has
unique demographic characteristics and needs.

• Scenarios (N=15): Each of the 3 persona cards match with 5 scenario
cards, which highlight how D-ABMs bring challenges to a person’s daily
life in each of the 5 design contexts (see table 5.2).

• Theory-informing cards (N=29): The theory cards aim to present
detailed descriptions of D-ABM theories and actionable recommendation
for addressing the issues they pose. The identified depression-related
challenges were evenly distributed into the design of the 3 personas and 15
scenarios. The detailed distribution description is illustrated in figure 5.2.

2) Toolkit Part 2: Developing the guidance of using the toolkit (table
5.3)

I iterated the design of design sprint procedure, for the aim providing step-by-
step guidance for participants to use the cards. The design sprint procedures
are generated based on prior research practices in design sprint [28, 26, 106].
There are 10 steps in the design sprint, each step involving specific action points,
design goals and deliverables. The design sprint lasts around 120 minutes and
ends with participants sharing their feedback on the workshop. The design
outcome is textual app features written by participants.

5.2.3 Step 3: Toolkit iteration

After generating the 1st version of the design toolkit, I piloted it with 4 experts
(comprising 1 psychology practitioner and 3 HCI designers). I then modified the
materials and workshop procedure based on their feedback.
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Figure 5.1: A screenshot of the table I used for distributing different D-ABM related
issues in each personas and design contexts
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Figure 5.2: Overview of the content of design cards and how they are allocated to
different research contexts.
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Steps and goals Input material Deliverable
Step 1: Understand
persona& scenario
Step 2: Imagine app
features

Persona cards
Scenario cards

1.High level digital
solutions (textual)
2. Concrete app features
(textual)

Step 3: Create
alternative user journey

User journey cards Imagination users’ life
after introducing the
digital app

Step 4-5: Group
discussion

- Teams merging all app
features into initial app
features (app v1)

Step 6: Link theory with
user journey

Theory cards -

Step 7: Update app
features

- Modified app features
(app v2)

Step 8: Reflect ethical
issues
Step 9: Address the risks

List of questions (see full
draft in appendix E)

Modified app features
(app v3)

Step 10: Feedback List of questions (see full
draft in appendix E)

Feedback of materials
and workshop procedure

Table 5.3: The design sprint procedures
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5.3 Evaluating the Theory-informed Materials

5.3.1 Study deployment

Step 1 - Evaluate: I deployed the design tool with 15 participants in
5 design sprint workshops to evaluate its usability and effectiveness. These
15 participants are experts in HCI design and had no prior experience and
knowledge about D-ABMs or depression. During the workshop, I asked
participants to use the design toolkit with the goal of designing apps for
supporting users with D-ABM management difficulties.

Step 2 - Feedback: After the workshop, I conducted one-to-one follow-up
interviews with each participant to collect individual feedback about the design
toolkit. The interview was conducted online over telecommunication software
(MS Teams).

Step 3 - Analysis: The study results are drawn from the data collected
from both the workshop and the follow-up interview. To understand if and
how the design toolkit can support design activities, I recorded the design ideas
generated in the workshop, with a focus on if and how design results linked to the
presented design cards. To understand participants’ experience of and feedback
on the design toolkit, I also audio recorded each interview and transcribed them.
I then applied a thematic coding technique (following the Braun and Clarke
approach [25]) to analyse the data collected from each interview session.

5.3.2 Findings

I now outline the findings in two parts: 1) the benefits of the design cards, 2) the
limitation of design cards and ways to address these.

5.3.2.1 The benefit of theory-based materials in design activities The design
cards support participants to understand users living with depression and its
associated memory impairments in the following ways:

Persona and scenario cards can help designers to better understand
the complex needs of depression, foster empathy, and tailor realistic
solutions for solving their issues: With the help of D-ABM tailored persona
and scenario cards, participants can have a more in-depth understanding of
individuals with depression. For instance, participants commented that the
fictional persona presented in the toolkit feels “real enough” for the designer to
develop an emotional attachment with the persona. This fosters participants’
empathy towards individuals with depression, which then leads to better design.
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D-ABM cards help participants to better generate realistic digital
solutions to solve users’ individual obstacles: According to participants’
feedback, the D-ABM tailored materials can describe the specific needs of the
target users. This is helpful for participants to narrow down specific user
problems to address, and to tailor the solutions based on users’ personal pref-
erences. Participants preferred the D-ABM tailored materials over traditional
ones, because the latter materials can provide the detailed, personal description
of different aspects and symptoms of depression. According to the participants,
in contrast with D-ABM tailored materials, other design support tools mainly
provide abstract descriptions such as “he is feeling like x or y” (P5), which can
be hard for participants to relate to.

The design cards can make depression-related theories more accessi-
ble: Participants reported that using theory-informed persona and scenario
cards was helpful for them to understand users’ needs and the complex
depression underpinning these needs. Theory cards also made psychological
theories more accessible, as they provided simplified explanations and vivid
examples to communicate complex and abstract D-ABM-knowledge from the
psychology literature. Participants highlighted elements that were particularly
helpful in supporting their understanding of D-ABM theories (see an example
of theory cards in figure 5.2, bottom right) such as,:

• The thought provoking question that led to reflection (top right of theory
cards),

• The technical example which provided a vivid showcase of how the theories
could be translated into designs (bottom right of theory cards).

Participants acknowledge that theory cards could give them (as novice designers
to depression) a sense of confidence, and make them feel they were better able
to understand and leverage validated theories for their designs.

The design cards (persona, scenario, theory cards) can complement
each other, for better guiding designers through their design activ-
ities: Participants reported that the different materials worked well together,
and provided for the following reasons:

Firstly, the materials were presented progressively during the design workshop,
which allowed participants to understand the complex D-ABM theories step-
by-step. More specifically, the persona cards provided a general overview of
depression, whereas scenario cards provided a more detailed description of how
D-ABM related to issues that impact on an individuals’ life. Additionally, theory
cards educated participants about concrete treatment techniques for addressing
D-ABM related issues that featured in the persona and scenario cards.
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According to the feedback, working with different materials engaged them
through different steps in the design workshop procedure. Participant quote:
“the process is fun, it’s like playing a jigsaw game”.

Moreover, the design materials helped elicit ethical considerations in mental
health app design. For instance, one participant indicated that theory cards
“. . . (provides) a new way to look at the (ethical issues) in a wider context”.
The ethical discussion (see table 5.3, step 8-9) also helped participants to review
their app features in the light of ethical concerns.

5.3.2.2 Overcoming the limitations of design cards

Balancing content complexity and readability: participants express
concerns that sophisticated details of complex psychology theories might be lost
for ensuring the read-ability of translational toolkit. However, some participants
also worries that having the design cards providing too much information could
be over-whelming for participants to digest. For instance, P1 noted that they
were concerned that the complex D-ABM theories might be over-simplified in the
design cards, which may affect participants’ trust in the materials. In addition,
due to some missing details about D-ABMs, some participants said that they
experienced difficulties in understanding D-ABM-related user issues fully. For
instance, P3: “depression hits so many people in different things, so we need to
know as much detail about how to deal with- the design as possible”. However,
some other participants also raised concerns as there was too much content
present in the materials. As P2 mentioned: “there was a lot of information...
We were not sure where to start reading”. As a solution, while presenting such
translational design tools, we should clarify the limitations of such materials.
I.e., they can only condense part of D-ABM-related theories. To balance the
simplicity and complexity of card design, providing materials in an interactive
format can also be helpful. For instance, we can imagine providing the design
cards in form of Gantt chart, interactive calendar, or chatbot. In this way, users
can request more details when they need them.

Additionally, it is important to develop strategies to avoid discomfort when
participants are building empathy with their target users (i.e. individuals
living with depression). Despite of the benefit of understanding target users’
emotional experience, overly-exposing participants to persona’s experience
might be emotionally challenging [144]. To avoid potential risk of harm, we
need to consider mechanisms for protecting participants’ emotional well-being,
especially during the delivery of D-ABM materials. For instance, we can create a
sense of distance to safeguard the emotional well-being of the participants while
empathising with their personas. P2 suggested that one way is to selectively
present materials according to participants’ own demographic characteristics
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(e.g., present female persona to male participants). Additionally P8 mentioned
that the absence of a picture in a persona was a good way that prevented
him/herself from experiencing vivid negative emotions while portraying the end
user.

Balancing tensions between group and individual activities: Some
participants like working in teams, some participants suggested spending
more time engaging in individual-based work. Most participants (7 out of
10) appreciated having both individual tasks and group tasks. Half of the
participants were particularly in favour of group tasks, which allowed them to
work with multiple personas. They reported that discussing different personas
helped them reflect their own design. P3& P1: “(Being exposed to more personas
might help) . . . get a better idea of what depression could look like for different
people’ ’.

However, 2 participants thought working with more than one persona was
overwhelming. For instance, P7 mentioned that the information can be too
much for: “person who is not a psychiatrist or without similar background”.
Additionally, P1 expressed similar idea: ”not all solutions might work for all of
those people (persona)”. This is agreed by P5: “stepping too far away from any
specific issue and maybe not addressing something”. Additionally, 2 participants
experienced difficulties in group communication because they held different
understandings from their group partners of the psychology terminology being
presented. Therefore, it is important to balance the group and individual
activities when designing workshop activities. Introducing a moderator who
understands both D-ABM theories and HCI design can help facilitating the
group discussion.

Balancing the openness and focus of design space: Some participant
thought the design tools were restricting their creativity, e.g. P9: “(the
detailed user obstacles) stop participants making own assumptions about the
persona”. However, some other participants also acknowledged the importance
of narrowing the design space down. P6: “if you don’t put constraints, you have
a lot of risks to do something bad.”. Besides, some participants perceived the
technological example of each theory card promoted certain types of digital
solution. For instance, P3: “if you had got these theory cards out earlier,
then we would have gone: ‘Right well, let’s just design an app with motivation
and that smartwatch”’. Participants also pointed out that these examples
are not necessary for experienced designers, as they can easily form their
own solutions. Besides, some participants feel like the technical examples are
enforcing technology itself, such as (P3): “not everything can be solved by
technology”.
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To balance the openness of design space, most participants noted the benefit
of presenting theory cards at a later stage (i.e., after participants generate
initial designs). P8 considered that the theory cards were more helpful as
a ‘validation’ tool, to back up or challenge existing design ideas. To avoid
enforcing unnecessary digital designs, participants suggested encouraging future
designers to think beyond the design. For instance, during the ethics discussion
(step 8-9), future designers can be encouraged to also reflect on (P3): “Is it
really important to have the technology in the first place?”

For this, participants suggested some improvement, which especially includes
targeting the technological example on theory cards. For instance, P9:
replace the technological examples with “real-world examples”, and P3:
“(to also provide) non-technical solution that draw on the presented theories”.
Additionally, P6 suggested replacing the specific technical examples with less
concrete design guidelines, which can facilitate the design process without overly
restricting designers’ creativity.

5.4 Contribution and Relationship to Overall The-

sis

The main contribution of this work is an exploration of how to best facilitate the
design process of D-ABM apps. This includes:

1. Designing a toolkit that translates complex theories about D-ABMs to partici-
pants who are new to depression (i.e., designers who have little prior knowledge
about D-ABMs or depression).

2. Evaluating the design toolkit with participants as HCI designers and researchers,
collecting and analysing toolkit-users’ feedback regarding their effectiveness and
usability.

3. Generating design suggestions to guide future development of the translational
materials (e.g., toolkit) for bridging complex theories and actual HCI design
practice. This can be particularly helpful in supporting novice designers to
quickly understand and leverage complex theories into app designs.

Additionally, the design tools generated in study 5 can be used for supporting
future design of D-ABM apps. This also provides an insight of how to support future
design activities with the empirical findings generated in study 1 and 2. Compared to
prior literature, our design tool opens up new design opportunities for incorporating
complex domain knowledge (e.g., D-ABMs) in HCI design.
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Chapter 6

Discussion and Conclusion

6.1 Revisiting research questions

This section revisits each research questions and summarise how were these questions
being answered by each of the five studies in this thesis.

6.1.1 Research question 1: What can we learn from best
practices in ABM-based interventions in depression?

This question was answered through the practical contributions from study 1 and
study 2, which provided rich understanding of users’ requirement of D-ABM apps,
informed by the current best practices.

RQ 1.1 How are D-ABMs being treated by current psychological approaches
(both in theory and in practice)?

Study 1 formed the foundation for this thesis work, providing an overall
understanding of theories around D-ABMs and the key mechanism of the latest
theory-grounded, D-ABM targeted interventions. In particular, through study
1, I identified:

1) The specific memory impairments that are useful to be addressed during
D-ABM interventions, namely negative bias, OGM, and rumination,

2) The key intervention procedures, and their principal mechanisms for
addressing each of these targeted D-ABMs.

Moreover, the understanding gained from study 1 motivated study 2, which
further explored other approaches beyond theory-based interventions. Study 1
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also informed the conceptual framework that guides the data analysis of study
2.

By exploring approaches that are applied from a wider range of clinical practice
for depression, study 2 provided a more enriched understanding of how D-
ABMs can be mitigated by various of types of depression interventions. The
contribution of study 2 enriched the answer of RQ 1.1 by:

1) Building on the understanding of D-ABMs and their interventions gained
throughout study 2, I identified the three main D-ABMs to be targeted:
negative-bias, OGM, and Reduced positivity.

2) By conducting an in-depth interview study with experts on depression,
in study 2, I gained a richer understanding of therapists’ opinions,
experiences, and incentives behind their approaches while treating D-
ABMs,

3) By explored how D-ABMs are addressed in a wider range of practical
approaches (in both clinical and experimental setting), study 2 provided
a comprehensive understanding of current best practice in addressing
deprssion associated memory impairments.

Based on the answer of RQ 1.1, the combined findings of study 1 and study 2
informed the generation of key requirements and design requirements for apps
that can support D-ABM management.

RQ 1.2: This contributed to the answer of RQ 1.2: How can current psychological
approaches (from laboratory and therapeutic practice) inform the
design of mobile-based technologies for D-ABMs?

By revealing the main mechanism of the current D-ABM interventions, study
1 and study 2 offered the following contribution to inform future designs of D-
ABM apps (Details of the design suggestions can be seen in the following section
in this chapter 6.2.1):

• A list of requirements that need to be met in the design of D-ABM
apps (e.g., D-ABMs) for supporting users living with depression and its
associated memory impairments,

• Identification of the principle therapeutic mechanisms that can address
users’ D-ABM specific life difficulties, which can lead to digital features
guide to inform future app design.

These design requirements guided the data analysis of study 3 and study 4,
which aimed to explore current app features that are suitable to meet the above
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requirements, and how to leverage these current app features to address D-ABMs,
following the above identified principal therapeutic mechanisms. The findings also
informed the generation of a design toolkit, which was used in study 5 for exploring
the best design method for designers to quickly to understand D-ABM related theories
and the current best approaches, and draw design ideas on them.

6.1.2 Research question 2: How can we best design mobile
apps for D-ABMs?

This thesis answered RQ 2 from two perspective:

1. Study 3 and 4 explored a list of the current features that can be leveraged for
building D-ABM apps that meet the identified requirements,

2. Study 5 investigated the best way to design approach for generating mobile apps
that can meet the identified requirements

RQ 2.1 The findings of study 3 and 4 contributed to the answer of RQ 2.1: Are
there existing applications with features that are suitable to address
D-ABM impairments? What are their gaps, and how to improve
them?

Study 3 first assessed current digital app functionalities that can be added to
D-ABM apps. By identifying suitable digital app functionalities and analysing
their strengthens and limitations, study 3 identified the design opportunities of
combining and tailoring these app functionalities for building D-ABM apps.

Study 4 then assessed current app functionalities and design features that are
required for global depression management. This is to make sure that apps with
D-ABM features, besides mitigating D-ABM impairments, can also be sufficient
in managing depression. I also explored if and how D-ABM app features can be
seamlessly integrated into the overall design of depression apps. By analysing
the limitation of current apps for depression, study 4 suggested ways for app
designers take consideration while designing depression apps.

Combining the findings generated in study 1 and 2, study 3 and 4 produced a
comprehensive design implications for guiding the design of D-ABM apps that
are user-friendly, effective, and safe for end users living with depression. Details
of the design implications can be seen in section 6.2.1).

RQ 2.2: To support the design process of apps that meet the requirements of D-ABM
apps, the contribution of study 5 answers RQ 2.2: How can we facilitate
the design process of apps for D-ABMs?
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Study 5 developed and evaluated a method for facilitating D-ABM app design,
by using a D-ABM tailored toolkit. I designed this toolkit to translate the
complex theories about D-ABMs for designers who are new to depression, and
have little or no prior knowledge or experience in addressing D-ABMs. Through
deploying the D-ABM tailored toolkit to HCI design experts, and investigating
how the toolkit helps the design of D-ABM apps, I was able to evaluate the
effectiveness and usability of the design method in supporting future D-ABM
apps. I also generated a list of design suggestions to guide future design of apps
that need to be designed base on complex theories.

Extending prior research [28, 26], study 5 opened new design opportunities
for incorporating complex domain knowledge in HCI design. This can be
particularily useful in early stages of the user-centred design (UCD) cycle,
by quickly equipping non-expert designers with knowledge of design-required
knowledge. By doing so, such design method lowered the barrier of designing
apps for users with complex needs, and bridged the long-lasting theory-practice
gap in the domain of HCI in mental health [22, 28, 83, 93, 165].

Study 5 also provided an insight of how to support future designers to under-
stand and utilise the empirical findings generated in this thesis (particularily
study 1- 4 in chapter 4). The design tools generated in study 5 can also be used
for supporting future design of D-ABMs apps.

6.2 Design Implications

6.2.1 Implications for guiding future D-ABM app design

Study 1 and 2 both indicated that a D-ABM app need to meet the following
requirements for ensuring their effectiveness:

• Mobile apps for addressing D-ABMs need to target three memory impairments:
negative-bias, OGM, reduced-positivity.

• D-ABM apps need to translate these therapeutic components:

1) Address negative bias: to support clients in disengaging with negative
memories, and the negative emotions associated with these memories.
This can be conducted through analysing the over-generalized negative
memories in detail, breaking negative thinking patterns, or helping
service users improving abilities in generative retrieval of specific episodic
memories. Some approaches can also assist clients in retrieving specific
memories in detail and analyse them in a more concrete manner.
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2) Address OGM, to help clients in enhancing the ability in retrieving
specific memories (especially in response of emotional word-based cues).
Such approaches normally come with a scaffolding process to ensure clients
are fully concentrated on retrieving their memories, instead of being
distracted by rumination.

3) Address reduced positivity, to increase clients’ abilities to retrieve
positive memories and associated positive emotions, and eventually help
them generate a more positive self-image.

Base on the design requirements generated in study 1-2, and the best combination of
current features identified in study 3-4, I was able to finalise the design implications
for D-ABM apps.

• First, it is important to build a positive memory bank that contains
cues of end-users’ everyday memories. Such digital memory banks can
be used in the long-term to register positive memories across users’ lifespans.
These recorded positive memory cues can help users to challenge the negative
self-presentation that are associated with depression.

Such digital memory banks also need to provide novel memory cues that are
tailored for D-ABMs (study 2, study 3). To address reduced positivity (study
2), study 3 identified the design opportunities to provide enriched cue content
to support sufficient memory recall with vivid contextual details. For instance,
by encouraging users to record personal cues with activity logs, or to present the
cues with rich contextual information in forms such as pictoral, voice recording,
or mood logs with annotations. Moreover, to address the reduced positivity
and negative bias, the findings suggested that D-ABM apps need to provide
multimodal cues that improve the quality of enriched positive memory recall
(study 1, COMET). Inspired by current apps in providing textual templates
for assisting users’ memory recording (study 3), another helpful method is to
encourage users to record enough details in the memory cue (e.g., who, where,
what) is to provide template to assist memory recording. This is particularly
important for managing negative bias and reduced positivity.

• Additionally, D-ABM apps need to be particularly designed for
addressing ABM impairments instead of EM impairments. This means
that D-ABM apps function more effectively when not directly presenting the
specific memory cues with enriched details to users, but instead when they
present memory cues in a rather generic format to encourage users to practise
their own abilities in generative memory retrieval. This is because the detailed
memory cues with vivid and enriched contextual information normally trigger
direct EM retrieval, which has little therapeutic benefit to users with depression.
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Additionally, recollecting emotional memories through direct retrieval process
may involve the risk of rumination, which can potentially worsen users’ current
mood (study 2). Informed by the result of study 3, mobile apps can access users’
current moods and provide app features that tailored by users’ current mood.
Additionally, to avoid users’ negative mood affecting their previous positive
memories, it is important for D-ABM apps to provide safeguarding strategies.
For instance, when users are experiencing strong negative moods (study 2, study
4), it is best to suggest mood regulation tasks to users before retrieving memories
that may trigger emotional response.

As study 2 indicated, adding scaffolding support while users retrieving memories
from these generic memory cues is important. This is to ensure service users
are concentrating on the memory retrieval and reduce the risk of rumination
hijacking users’ cognitive resources (inspired by Such features are particularly
helpful in addressing OGM.

• With enriched memory cues registered in memory banks, apps
can provide personal training content that also translates other
therapeutic approaches for mitigating D-ABMs. For example, providing
smart machine-human conversation could aid users’ smart reflection on negative
memories (study 1, study 3), as well as supporting reinterpretation and
imagination (study 1, inspired from CBM-I) using edited memory cues from
the memory bank.

Such features can help end users with depression to build a more positive sense
of self to against the natural negative self-image that associate with D-ABMs.
Mobile apps that meet the above requirements could have huge potential for
addressing the increasing demand for depression interventions, such as clinical
interventions and self-help strategies, and support the alleviation [Kohler˙2015,
39, 86].

6.2.2 Safeguarding users while designing mental healthcare
apps

Prior work has indicated that using mobile apps for managing depression can raise
some ethical concerns [195, 198, 167, 124]. It is therefore important that such apps
provide evidence on the effectiveness, safety, and confidentiality before reaching
end-users in need [156, 195, 198].:

Users living with depression may face potential risk of harm by using poorly
designed mental health apps [156, 181]. Findings of study 2 stressed the importance
for D-ABM apps to safeguard their users. For example, viewing emotional memories
can be problematic for users living with depression, as this may leads to worsening
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users’ present negative mood, induce rumination, or even depressive symptoms [110].
This is because when individuals are experiencing negative moods, viewing past happy
memories can trigger ruminative response (e.g., comparing current difficult situation
with the past, and feel that good things will never happen again)) [39, 45, 72]. When
memory technologies present users with vivid, specific episodic memory cues (e.g.,
pictures), these cues induce direct retrieval which, as an effortless process, can easily
be hijacked by rumination [39, 45], which is as a challenge posed by D-ABMs, as it
involves difficulties for one to disengage from the ruminative thoughts (study 1, study
2). This highlights the importance of D-ABM app designers providing interactive
design solutions that follows the ethical principle of nonmaleficence [14].

D-ABM apps need to safeguard users by preventing rumination while using the
apps. For instance, findings of this thesis (study 1, 2) stressed the importance for
D-ABM app design that can access users’ current emotional state and adapt the
retrieval of positive memories accordingly. For example, such apps can simply ask
users to self report their mood state (e.g., by selecting between different emoticons
or different text-based options), and provide content adapted to users’ current mood.
There are several scaffolding assisting features can be provided by D-ABM apps for
users to challenge their current rumination thoughts. For instance, since users with
depression tends to spawn rumination while revisiting emotional memories when they
are in sad mood [86, 39], apps that target these users should safeguards for users from
potentially emotionally provocative content (e.g., limit viewing pictures of a deceased
friend, or avoid viewing any memories that related to users’ negative self-thoughts).

Good examples can be found in 2 apps (study 4), which provide filters to
automatically cover negative keywords within app-provided content and to offer a
pop-up window with free psychological counselling helpline every 3 times when users
choose to reveal the hidden negative words. Since depression at severe level can induce
risky behaviour (e.g., self-harm or suicide), another important feature of D-ABM apps
is to provide direct access to professional help (e.g., helpline for mental health crisis
or suicide prevention) for protecting users in immediate danger.

Additionally, to further challenge the ruminative thinking patterns, we can imagine
D-ABM apps to help users building a more balanced perspective on life including both
positive and negative experiences. For instance, to prompt users practise their abilities
in revisiting and re-experiencing past memories that can work as a counterexamples
of their ruminative thoughts.

Besides ensuring efficacy and safety, safeguarding sensitive users’ health-related
data is another mandatory item to be taken into consideration when designing apps
for mental Health. Aligning with prior academic reviews of mental health apps [71,
170], I have found that there are limited guarantees that top-ranked depression apps
protect users’ sensitive health information (study 4). The finding of study 4 indicated
a common issue of current depression apps is providing questionable data ownership.
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For example, although most apps claim to follow GDPR, most apps fail to provide
access for users to completely delete data if they wish to.

In line with prior research [150, 170, 209], in study 4 I found that the regulation
of such apps regarding safety and data privacy remain inadequate [150, 209]. In
addition, although most of the apps reviewed were free to download, many come with
in-app purchase for additional features or advertisements. I have also found that more
than 80% of the apps using advertisement declared that they share users’ data for
commercial purposes. However, these information are not highlighted in the privacy
policy, and are written in a style can be difficult to be comprehended by typical users,
and no statement relating to this could be found on app marketplace description.

Such a statement would support users make an informed decision at the point
of downloading the app. Missing such information is even more concerning given
that prior studies have already found that many mobile apps rely on selling data as
part of their business plan, which put users under the risk of having their privacy
compromised. Prior studies [150, 209] have reported a high prevalence of health-
related apps selling users’ data to third parties e.g., lottery companies.

Responsibilities lie both with the developers of depression apps and the app
market that hosts them to safeguarding users while using D-ABMs apps. Our
findings, aligning with prior research [150, 170, 209], highlights the the responsibility
of developers for both depression apps and the app marketplaces that host these apps
to mitigate the above ethical risk . For instance, it can be arguable that developers
of mobile app marketplaces are responsible for regulating depression apps and ensure
app developers to:

1) Present careful design that followings ethical principle (e.g., nonmaleficence and
beneficence),

2) Allow users to quickly access to resources if in immediate danger (e.g.,
experiencing strong negative emotions or even suicidal ideations),

3) Upload a privacy policy with consistent content with their other claims on the
marketplace,

4) To communicate users upfront of the risk of having their often-sensitive data
shared with third parties on the marketplace.

6.3 Limitations

This thesis focuses on gathering empirical findings to guide the design of apps to
address memory-associated memory impairments. Since the result of this thesis draws
on data gathered from each of the studies, some limit may resources in terms of
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the enrichness of data sample that gathered from the studies in this thesis. More
specifically:

1) In study 1, the data were gathered from prior literature about D-ABMs. This
means this thesis focuses on interventions with evidence provided before 2017.
Since the research works in the psychology domain develop very fast, new
interventions may emerge and leads to novice design ideas for translating these
new therapeutic approaches.

2) The data in study 2 are only collected from certain domain experts (e.g., CBT,
psychologists, therapists). Experiences from experts from other subgroups of
clinicians (e.g., mental health support worker, sport and Exercise psychologists,
educational psychologists) might have been overlooked.

3) The digital features found in app marketplace (study 3 and 4): App iterate too
fast, the studies conducted in 2019 may not suit the app marketplace right now.

With acknowledgment of the limit due to fast-paced intervention and digital
technology development, I encourage future designers and researchers to combine
results of this thesis with more up-to-date research and practice activities for gaining
a comprehensive overview.

Additionally, study 5 focused on how the self-generated, theory-informed materials
were used by the participants as HCI researchers and designers without background
in psychology. Although the I may argue that the findings of study 5 achieved
the aim of demonstrating the effectiveness of the materials, I could imagine further
improvements of this study. For instance, a more rigorous evaluation session would
have helped develop evidence base of the design ideas generated by the participants.
Such evaluation sessions can be conducted as a follow up workshop session, involving
domain experts such as psychologists to elaborate and validate the materials, and
analyse their feedback and design ideas.

This would help to produce personas and scenarios that are as realistic as possible,
and to reduce the burden on researchers when putting together the theory cards.
Additionally, engaging the design process with psychology experts can further ensure
relevant theories are being accurately and sufficiently transferred to the design cards.

Therefore, I suggest future work to engage non-designers, such as clinicians or end
users with lived experience of depression. As having their input and feedback can
further improve the clinical validity of the the design artifacts generated from the
workshop (i.e., app features), as well as the design method.
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6.4 Future Research

There are several options to further this research work. In this section, I will discuss
possible future research ideas.

6.4.1 Design and evaluate the usability, efficiency, and safety
of D-ABM app

This thesis work explores and presents design implications for future developers to
generate apps for addressing D-ABMs. Besides building apps for addressing D-ABMs,
I also expect future designers to proceed with designing, developing, and evaluating
these D-ABM apps. This is because although the app functions are generated from
evidence-based therapeutic components, there is no guarantee that the combination
of these components can transfer the clinical effectiveness of the original interventions.

Additionally, there are many differences in the mode of delivery of interventions,
such as frequency, context, concentration on the intervention. All these differences
may impact the effectiveness of the intervention [209]. Therefore, I suggest future app
developers to perform rigorous evaluation studies.

Moreover, I would suggest future HCI researchers to investigate the effectiveness
of each feature suggested in the implication. This would assist in figuring out which
features are the most (and the least) effective in D-ABM apps while coping with
depression, and whether these features are being presented in the best way. For
instance, evidence from Randomized Controlled Trials (RCT) is considered as a golden
standard for backing up clinical interventions [169]. Future research into D-ABM
apps should therefore consider performing RCTs to identify the key ingredients (e.g.,
compares a packaged intervention to TAU), and then evaluate the effectiveness of
each ingredients of the intervention (e.g., having each arm of the RCTs with each arm
testing one feature of D-ABM app design). Usability studies could also be conducted
for testing the efficiency and safety of the combination of all therapeutic components
suggested in this thesis.

6.4.2 Informing designs beyond D-ABMs

This thesis work focuses on investigating best design of apps that address D-ABMs,
which is one of many impairments that associate with depression. For instance,
besides D-ABMs, there are other cognitive impairments such as negative information
processing [72], reduced cognitive flexibility [85], or negative cognitive bias [39, 130].
These depression-associated impairments can all contribute to the development of
depression symptom and require tailored design for addressing them. I would thus
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encourage for future works in investigating these impairments and take them into
consideration while designing depression apps.

Additionally, By stressing the importance of tailoring mobile systems for users
living with depression, the thesis work also sensitises HCI researchers to the limitations
of current memory technologies. I would expect this work can encourage future
designers to engage with the less explored design space as memory impairments in
mental health conditions. By doing so, I could imagine novel classes of memory
technologies might be developed fitting the needs of users living with alternative
memory impairments such as those found in people with anxiety, PTSD, or other
conditions.

6.4.3 Designing for users whose voices are suppressed

An essential component in the UCD design process is to understand the end users’
personal experiences and needs [36].

In this thesis, I explored ways to help HCI designers’ gain a better understanding of
end users’ struggles and needs associated with D-ABMs that will help them generate
the most suitable app design based this understanding. I explored design cards
as a material to translate such knowledge to designers. Such methods can quickly
equip designers with sufficient understanding of users and relevant domain knowledge,
without actively involve individuals living with D-ABMs (study 5). This can be
helpful for designers to understand users who can be challenging to access.

For example, such translational materials can help designers in the mental health
domain, especially in engaging users living with mental health conditions in early
stage of HCI research or very exploratory design work is often a challenge [138, 53].
This is because such service users are living with complex conditions, and it requires
throughout procedures to safeguard such service users [20], clinicians and researchers
[144, 58] during research and design activities:

1) It can be emotionally taxing for designers and researchers to work with such a
vulnerable group, especially when they directly engaged with participants’ sad
stories, distress, or over-whelming negative thoughts [171, 144].

2) Involving designers to materials that express highly negative emotional content
may evoke designers’ own negative mood response. This is supported by several
participants in study 5 who remember their own life frustrations from reading
their personas’ stories. Such process may involve potential risk of affecting both
designers’ and service users’ mental well-being [144], and the complex procedures
for safeguarding both parties during fieldwork [58], such as to provide regular
debriefing sessions within the research team [76].
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Traditionally, to gather understanding of users, HCI researchers utilise methods
such as in-depth interviews, participatory design workshops, or focus groups with
either service users or domain experts [68, 138, 166]. The process can be highly
time-consuming and expensive for HCI design practitioners to start engaging in the
mHealth design area. Additionally, due to the lack of experience and knowledge
working with participants in need, novice designers can be less sensitive in the
safety, which can cost extra burden to both participants and the designers. Our
findings (study 5) indicate that compares to the traditional methods (e.g., co-design
workshop), using theory-informed design materials can help HCI designers to acquire
basic domain knowledge in a cost-efficient manner, and help them maximising their
resources in involving end users living with mHealth conditions only when necessary.

Moreover, I see the potential for the use of theory-informed design cards to lower
the barriers for designers to access end users in sensitive settings beyond mental
health. For example, Taghreed et al., [5] introduced scenario cards that co-created
with end users in sensitive settings (i.e., women living in a culture impeding their self-
expression). Honary and colleagues [88] designed video stories to present the lived
experience of users with severe mental illness, and provided a framework for designing
digital tools for translating their experiences without directly engaging them to the
researchers.

Similar to these two studies, the theory-informed design cards used study 5 also
show positive results in translating the lived experiences of target users, which helps
designers to design relatable, accessible, and ethical digital content for addressing
end users’ needs. I see the potential for deploying the design approach with theory-
informed cards for a wide range of user’s groups, especially those who live in sensitive
contexts and can be extremely challenging to access. For instance:

1) Users living with severe mHealth condition (e.g., suicidal ideation or self-harm
[81, 199, 114]),

2) Users with difficulties in expressing their thoughts (e.g., users living with
conditions such as Alzheimer or Alexithymia, or users experience language
barriers to articular themselves to others),

3) End users living in sensitive settings beyond mental health, such as living in
sensitive and critical environments (e.g., women living in a culture impeding
their self-expression)

6.4.4 Supporting clinical interventions with the findings

The rising mobile device ownership provides an opportunity to lower the barriers
for accessing mental health supports, raise awareness of mental wellbeing, or sharing
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reflections on mental health concerns with peers. Compares to traditional clinical
interventions, mobile apps can deliver interventions with less restrictions regarding
location, cost, administrative burden, and stigma. D-ABM apps thus have a huge
potential to reach a large number of service users in need, which is particularly
promising for users who are less likely to seek for face-to-face interventions. Besides,
D-ABM apps can provide depression interventions with personalized training content,
which increase the usability and users’ engagement of the intervention (study 2).
Therefore, I can imagine integrating D-ABM apps with clinical intervention (e.g.,
as homework between intervention sessions). Additionally, the D-ABM app can
help users collect self-relevant materials, which can help clinicians to gain better
understanding of their clients, and potentially make later intervention sessions more
productive.

Furthermore, mobile devices can also make the engagement with interventions feels
simple, efficient, and less burdening. This helps maintain users’ incentives to continue
and complete the intervention [56]. If used in long-term, memory app with D-ABM
related features can work as early-intervention and to mitigate the risk of depression
from developing.
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Depression is a major affective disorder with significant socio-economic cost. Distinctive 
autobiographical memory impairments in depression include overgeneralization, negative-bias, and 
repetitive negative thinking. A few psychotherapeutic interventions have been purposefully 
designed to address these impairments, albeit they benefit from limited technological support. This 
paper reports an analysis of four memory-based interventions proven effective in the therapeutic 
practice targeting depression. We also explored the memory impairments addressed by these 
interventions. Our findings led to three design implications for digital tools in this space. We suggest 
the value of supporting enriched positive memory recall, negative memory reappraisal, and future 
episodic imagination.  

Memory impairments, depression, overgeneralization, negative bias, rumination, lifelogging technologies 

1. INTRODUCTION 

With significant social and economic costs, 
depression is a major affective disorder impacting 
over 300 million people worldwide (WHO, 2012). 
Depression influences cognitive functions leading to 
distinctive memories impairments (Köhler et al., 
2015). People living with depression have 
overgeneralized autobiographical memories with a 
strong bias towards negative events (Dalgleish et 

al., 2014). Several interventions have proven 

effective in addressing such memory deficits in 
depression (Table 1). These consist of Memory 
Specificity Training (MEST) (Raes et al., 2009), 
Concreteness Training (CNT) (Watkins et al., 2012), 
Competitive Memory Training (COMET) 
(Korrelboom et al., 2012) and Imagery Cognitive 
Bias Modification (CBM-I) (Holmes et al., 2013).  

Most HCI research on depression has focused on 
developing computerised cognitive interventions, 
such as online Cognitive Behavioural Therapy (CBT) 
(Coyle et al., 2007 and Doherty et al., 2012). Limited 
work, however, has explored how memory 
technologies could support memory-related 
cognitive challenges in mood regulation, especially 

for preventing and alleviating depression. This is 
surprising given that lifelogging technologies could 
capture and effectively support autobiographical 
memory retrieval through records of pictures, audio, 
or affective states of memories (Van den Hoven et 
al., 2008 and Sellen et al., 2010). This paper 
explores four psychotherapeutic interventions for 
memory impairments in depression and the 
feasibility of augmenting them with digital tools 
(Table 2).   

2. RELATED WORK 

2.1. Mental Health in HCI 

Much HCI research has explored prevention, 
detection and treatment of mood disorders, with a 
focus on emotional and behavioural responses. For 
example, social media has been used to detect 
depression (Tsugawa et al., 2015), while digital 
affective diaries (Konrad et al., 2016) and expressive 
writing method (Pennebaker et al., 2017) have been 
developed to support monitoring and reflecting on 
one’s experience. Technologies have usually been 
intended as aids for traditional therapeutic 

Table 1. Four interventions targeting memory impairments in depression 

Intervention 
Main procedure Addressed  memory 

deficits  

Memory Specific 
Training (MEST) 

Guided by trained therapists, this intervention presents a series of cue 
words, and asks people to retrieve as many specific memories as possible 

Overgeneralization 

Concreteness Training 
(CNT) 

This intervention requires people to repeatedly imagine the sensory details, 
warning signs, and actions related to difficult events and to reflect on them 
in a concrete manner. 

Overgeneralization, 
rumination 

Competitive memory 
training (COMET) 

This intervention asks people to identify a positive self-identity, enrich it 
iteratively and practice such imagination over several sessions. 

Rumination,  negative 
bias (negative self-
image) 

Imagery Cognitive Bias 
Modification (CBM-I) 

This intervention asks people to imagine themselves involved in prescribed 
scenes. The scenes start ambiguously and are resolved positively. 

Negative bias (future-
oriented scenario) 
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interventions, harnessing the potential of 
augmented reality (Wrzesien et al., 2015), 
interactive games (Coyle et al., 2011), or multimedia 
positive self-portraits (Mynatt et al., 2001). More 
specifically regarding depression, HCI work has 
focused on online CBT (Coyle et al., 2007 and 
Doherty et al., 2012) for delivering digital training 
content. Limitations of these approaches are twofold. 
First, they have focused mostly on the affective and 
behavioural aspects of mental health and less on its 
cognitive aspects.  Second, the few studies 
exploring cognition-based interventions in 
depression, such as online CBT, have employed 
technologies with limited interactivity, 
personalisation, or user engagement (Doherty et al., 
2012). 

2.2. Memory Technologies  

Much HCI work has explored the value of lifelogging 
technologies in memory augmentation, by 
supporting memory capture and retrieval. Such 
technologies harnessed wearable sensors 
including, for example, SenseCam (Hodges et al., 
2011), narrative clip (Viet Le et al., 2016) or 
biosensors (Sas et al., 2013) to cue retrieval of 
autobiographical memories. Such exhaustive and 
multimodal capture underpins the effectiveness of 
lifelogging technologies in addressing memory 
impairments (Sas et al., 2015). Lifelogging tools 
have also been explored in relation to progressive 
neurological disorders, which lead to significant 
memory impairments, such as Alzheimer’s disease 
and dementia (Harvey et al., 2015, Allé et al., 2017 
and L. Lee and K. Dey, 2008). 

However, unlike other conditions involving memory 
challenges, memories of people living with 
depression are not necessarily impaired but rather 
difficult to access from the autobiographical memory 
structure (Conway, 2005). As Conway identified in 
his autobiographical memory model, the 
accessibility of specific episodic memories depends 
on one’s working self, which is a complex set of self-
images and active goals. Difficulty in memory 

retrieval is an important marker of depression 
(Dalgleish et al., 2014). Such difficulties consist of 
overgeneralized memories leading to biased 
interpretation and imagination of future events, as 
well as negative-biased memory retrieval.  More 
specifically, people with depression have unique 
difficulties in retrieving specific episodic memories. 
They have a high tendency to truncate their 
memory-searching process and only recall 
overgeneralized memory in a negative tone, with a 
low level of specificity (Williams et al., 2007). 
Another distinctive memory impairment in 
depression is that negative memories are faster and 
richer to retrieve, while positive ones are slow and 
difficult to retrieve, less vivid and low in emotional 
response (Dalgleish et al., 2014). Thus, people living 
with depression may benefit little from simply 
reviewing sensory details of their memories 
prompted by lifelogging-based cues. They require a 
rather complex process to enhance their abilities in 
recalling and reflecting on their memories, to re-
experience positive emotions associated with their 
happy memories and disengage with the negative 
emotions from their sad memories.  

3. METHOD  

Our study consists of an analysis of the four 
identified memory-based interventions proven 
effective in alleviating depression in lab settings. 
The selection of the four interventions: CNT 
(Watkins et al. 2012), MEST (Raes et al., 2009), 
COMET (Korrelboom et al., 2012), and CBM-I 
(Holmes et al., 2013) is based on the findings of a 
recent meta-analysis of autobiographical memory 
based interventions for depression (Hitchcock et al., 
2017). Our analysis aims to reveal the main 
cognitive challenges addressed by these 
interventions, in terms of the cognitive abilities 
targeted by each intervention, especially for coping 
with emotional events and memories. The aim is to 
explore if and how lifelogging tools could better 
support these interventions.

Table 2. Four interventions and their potential of integrating with lifelogging technologies. 

Interventi
on 

The key value to 
memory abilities 

Input Output  

Current Lifelogging-augmented Current Lifelogging- augmented 

MEST Enhancing specific  
memory recollection 

Emotional cue 
words 

Bank of emotional memory cues  Verbal 
discussion  

Visualize a bank of 
recollected specific 
emotional memories.   Personalized emotional cues 

CNT Reviewing 
memories and 
change viewpoint 

Audio 
training& first-
aid relaxation 
guide 

Bank of negative memories to 
be analysed 

N/A Identify user’s negative 
thinking pattern. Detect 
and offset rumination 
from an early stage  

An interactive guide for 
reflection on negative memories 

COMET Enhance positive 
memories 
recollection, build a 
positive self-image 

Self-
generated 
materials 

Bank of positive memories 
across the lifespan 

Imagery 
positive 
self-image 

Visualize an ideal self-
image with enriched 
sensorial details. 

CBM-I Enhance positive 
current/ future 
imagination with 
everyday scenes.  

Neutral scene 
via audio or 
pictorial 
materials 

Personalized ambiguous scenes 
from “editing” users’ everyday 
neutral scene 

N/A Visualize users’ 
imagination as training 
result (e.g. painting).  
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4. FINDINGS 

4.1. The Challenge of Recollecting Specific 
Episodic Memories 

MEST and CNT both pointed out that people living 
with depression suffer from categorical memory 
recollection in a negative tone. The 
overgeneralization process stops individuals from 
reflecting on what had happened, but instead keep 
processing abstract negative memories. 
Overgeneralization, as an indicator of depression, 
could persist even after remission from depression 
and potentially contribute to the next depressive 
episode. As an intervention specifically targeting this 
cognitive vulnerability, MEST trains participants’ 
ability to retrieve specific episodic memories in 
detail. It provides word-based cues associated with 
different emotional valence, to break people’s 
categorical negative thinking. CNT trains 
participants’ abilities for reviewing specific negative 
memories and for re-evaluating them to mitigate 
against overgeneralization. 

4.2. The Challenges of Building a Positive Self-
image 

People living with depression tend to have negative 
views of their lives, keep revisiting their negative life 
events, and feel like only bad things happened in 
their life. The negative-biased view contributes to 
their negative self-image, as pointed out and 
addressed by COMET. According to Conway’s 
autobiographical memory theory (Conway, 2005), 
people evaluate and interpret their present and 
future scenarios by retrieving relevant memories. 
Therefore, as addressed by CBM-I, people who hold 
a negative view of their lives tend to interpret events 
in a consistently negative way, which contributes to 
their low motivation and hopelessness. During 
COMET intervention, participants first identify 
negative self-identity and imagine an incompatible 
positive self-identity. They then strengthen this 
positive self-image by progressively adding 
verbalisation, body postures, background music, 
and facial expressions. CBM-I exposes participants 
to neutral scenes, presented acoustically and 
visually, and asks participants to imagine a vivid 
positive ending to the described neutral scenes. This 
intervention also engages people in positive 
imagination.  

4.3. The Challenge of Disengaging from 
Negative Thoughts 

Due to cognitive weaknesses such as negative bias 
and overgeneralization, people living with 
depression have difficulties in disengaging from 
repetitive negative thoughts. CNT supports people 
to review and reflect on specific difficult events and 

analyse the triggers of negative emotions. This 
intervention also encourages participants to explore 
alternative solutions and to alter the viewpoints of 
their upsetting memories. COMET trains 
participants’ ability for retrieving positive memories 
as alternative material against negative thoughts. 
The  increased accessibility of positive memories 
could reduce the possibility for negative memories 
to hijack one’s cognitive resources.  

To summarise (Figure 1), these findings indicated 
that memory-based interventions could benefit from 
lifelogging technologies. Key here is to identify the 
right cue content, which should (i) address negative 
bias (Dalgleish et al., 2014), (ii) address the 
identified challenges of the above interventions, and 
(iii) leverage the potential of lifelogging tools to 
enable personalized, self-tailored and more 
engaging interventions (Doherty et al., 2012). 

 

Figure 1. This figure illustrates target symptoms of each 

intervention: MEST and CNT target overgeneralization. 

COMET and CBM-I aim to reduce negative bias, while 

CNT and COMET aim to reduce rumination.  

5. DESIGN IMPLICATIONS 

5.1. Supporting Sensory Rich Positive Recall 
(Challenge 1, 2) 

As pointed out by MEST and COMET, people living 
with depression face difficulties both in retrieving 
positive memories and in reliving associated positive 
emotions. They tend to have insufficient positive 
memories to build a confident self-concept against 
their negative one. Therefore, one can think of new 
tools for capturing and archiving positive events 
across the lifespan. Such a multimodal bank of 
positive memories, captured through biosensors 
could be deliberately tagged with sensorial contents, 
for example, audio, visual, or haptic, close to the 



Exploring Memory Interventions in Depression through Lifelogging Lens 
Qu ● Sas 

4 

moment of encoding. Such a positive memory bank 
has the potential to contribute to vivid positive self-
imagination. It can also strengthen people’s memory 
processing abilities, especially the encoding of 
positive episodic memories. This in turn can 
safeguard people from the offset of depression.  

Unlike generic cues used in MEST intervention, this 
positive memory bank, with enriched personal 
memories could provide powerful self-relevant cues 
(Sas, 2018) simulating the memory-encoding 
context, which also harnesses the context-
dependent quality of memory for better recall when 
the contexts of encoding and retrieval are similar 
(Tulving, 1973).   Personalized training modules, as 
pointed by previous online mental health 
intervention research (Doherty et al., 2012) is also 
important for user engagement. In addition, a bank 
of positive memories could support the visualisation 
of users’ training progress and provide them with a 
sense of achievement.  

5.2. Supporting Reflection on Negative 
Memories (Challenge 3) 

The above interventions point out a design space for 
supporting reflection on mood journal.  As previous 
HCI studies about mood journals revealed (Konrad 
et al., 2016 and Hollis et al., 2017), simply reviewing 
previously written memories is not enough for mood 
regulation. Designers of such systems also need to 
consider the mood dependent context and human 
memory weakness (Sellen and Whittaker, 2010). 
For example, findings from mood journal studies 
(Konrad et al., 2016) have shown that reflecting on 
positive memories in sad moods could potentially 
taint the happy memories and induce joy-killing 
thoughts. Findings also indicated that revisiting 
negative memories from digital affective diaries 
(Hollis et al., 2017) contributes little to both 
momentary and long-term mood improvement, 
although it has proven effective in pencil and paper 
based studies (Pennebaker et al., 2017) for inducing 
re-appraisal, self-distancing and wellbeing.  

Thus, it would be useful to support users to reflect 
on their memories in a more structured manner by 
replacing their previous free-style of reflection. For 
example, CNT inspires a design opportunity for a 
novel interactive system that explicitly facilitates 
reflection and sense-making, by integrating natural 
language processing techniques such as 
conversational agents for guiding such reflection in 
a concrete style. If used along the lifespan, the 
system may allow early identification and correction 
of negative thinking patterns. The system is 
promising for detecting negative thinking patterns at 
early stages of rumination. Such a system could thus 
offsetting the negative influence of recalling 
traumatic events, and potentially preventing the 
depressive episode to set off. 

5.3. Supporting Positive Reinterpretation and 
Imagination (Challenge 2) 

Our findings indicate the value of CBM-I training in 
supporting the positive interpretation of generic 
ambiguous events. As suggested in HCI mental 
health research (Doherty et al., 2012), 
personalisation is key to user engagement. We can 
thus think of exploiting lifelogging technologies for 
collecting self-relevant everyday neutral events or 
“editing” anticipated ambiguous future events to 
train positive interpretation. For example, when 
users want to reflect on an emotional event, the 
system could remove the colour of a captured 
pictorial cue and ask users to i) colour the picture 
themselves, and then ii) draw an imaginary positive 
ending of this ambiguous scene. This process, 
inspired by mandala colouring as art-therapy 
(Palmer et al., 2014) could lead users to an 
engaging future-oriented positive imagination 
practice. Authoring tools can also be envisaged to 
assist people in capturing their interpretation of such 
events over their entire lifespan. Users could thus 
pay more attention to their everyday scenes and be 
more engaged in the present (Keyes, 2014). 

We argue that technologies such as lifelogging are 
well suited to address the negative bias in 
depression. However, more effort should be put in 
leveraging potential of such technologies to address 
overgeneralized memories, especially identifying 
positive memories as material to guard against 
negative overgeneralization. In addition, identifying 
neutral events to train positive interpretation could 
also have great potential in addressing memory 
impairments in depression. 

6. CONCLUSION 

This work explores the potential of lifelogging 
technologies to support memory-based 
interventions in depression. We report an analysis of 
four such interventions. Findings identified the 
cognitive challenges targeted by each of them, as 
well as their training procedures, materials and main 
limitations. We employed a “lifelogging lens” to this 
analysis and identified three design implications 
addressing the challenge of negative bias of 
memory retrieval and interpretation in depression.  
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