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Introduction
The Digital Health and Care Innovation 
Centre (DHI) has been funded by the 
Scottish Government to create an 
innovation cluster for digital mental health. 
In late 2021, the DHI released our “Digital 
Mental Health: Findings of a desktop 
horizon scan for Global Leaders & digital 
innovation opportunities” report [1]. 

This report was presented to the Scottish 
Government Digital Mental Health 
programme board in early 2022. The 
feedback on the report was particularly 
focused on the further exploration of the 
four innovation areas identified within the 
report. This report contains:

1.	 Artificial Intelligence, 
2.	 Virtual Reality, 
3.	 Gamification, and 
4.	 Digital Phenotyping. 

To better understand these emerging 
innovations in digital mental health, this 
report will examine: 

•	 Who are key organisations, stakeholders 
etc. that are progressing these fields;

•	 What countries are leading this progress;
•	 Examples of any case studies;
•	 Relevant research literature; and
•	 Any further findings of significance.

Method
The findings of this report were identified 
through desktop research using standard 
online search engines, including Google, 
Google Scholar and PubMed, and through 
search functions within third party websites 
identified during the research process. 

The purpose of this form of research is to 
identify and present a high-level overview 
of publicly available information; it does 
not include any in-depth cost-analyses 
or a review of technical specifications. A 
limitation of the methodology used is that all 
searches are limited to publications released 
in English, which could have a significant 
impact on the search results. 
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Artificial Intelligence 
Since the early inception of Artificial Intelligence 
(AI), there have been many applications developed 
for health and care purpose. This was primarily 
observed in the knowledge-based systems; 
however, as the field has advanced, there has been 
a growing interest in machine learning techniques 
and predictive analytics [2].

AI largely refers to software and hardware 
that emulate mechanisms assisted by human 
intelligence and cognition, including deep learning, 
adaption, engagement, and sensory understanding 
[3&4]. In practice, this enables technology to 
perform functions similar to roles that typically 
require human interpretation and decision making. 
The techniques involved are multidisciplinary and 
have been applied across multiple fields [3]. 

However, whilst AI has become more prevalent 
in physical health and care, mental health services 
have been slower in adopting the technology [2-4].
The global burden of mental illnesses represents 
32.4% of years lived with disability, placing mental 
illness on the first position in global burden of 
disease [5]. 

Furthermore, mental health challenges have 
increased in recent years with increased rates 
of suicide, substance abuse, and isolation, all of 
which have been worsened during the COVID-19 
pandemic [6 & 7]. This is being compounded by a 
growing gap in supply and demand for NHS staff, 
with estimates for NHS England predicting 250,000 
full-time equivalent posts being vacant by 2030 [8]. 

Similar trends have been observed by Audit 
Scotland with vacancy rates rising over the last 
10 years [84]. AI is regarded to be a powerful 
and disruptive science that could fundamentally 
transform service delivery and overall practice, and 
address these key resource issues within the health 
sector and especially within mental health and care 
[4]. 

The immediate implication of AI in mental health is 
its potential in leveraging data to reveal the complex 
pathophysiology of mental health conditions and 
allow for informed decision making with regard to 
therapeutic applications in a citizen’s care [9]. 

Further to this, AI could allow for streamlining tasks 
that do not require a ‘human touch’, providing 
complementary support (for example clinical 
decision support) that enables clinicians and other 
care providers to focus on delivering a more citizen-
centred form of care [10]. 

As of 2021, there were no Food and Drug 
Administration (FDA) approved or cleared AI 
solutions in the field of psychiatry, and only a 
limited number of CE marked solutions [10 & 11]. 
The reasons behind this are multifaceted, but Lee 
et al. (2021) purport this to be due to the sensitive 
nature of data generated within mental health and 
the complex diagnostic criteria within the field [10].  
Additionally, AI technologies require large amounts 
of data, and the field of mental health currently has 
limited access to large, well-structured datasets [10]. 

However, there are two core AI approaches – 
machine learning and Natural Language Processing  
– which may impact the field of mental health in the 
coming years.

Machine Learning 
Machine learning (ML) is most common form of AI 
used in healthcare. This technique uses data-driven 
algorithms to learn from data for the purposes 
of estimating or predicting outcomes for new 
data and/or future events [8 & 11]. ML is enabling 
researchers to acquire important information from 
health data, to provide personalised care and to 
develop automated systems [12]. There are three 
approaches for learning from data: supervised, 
unsupervised and reinforcement learning. 

Supervised learning in ML is the most widely 
applied method in the majority of studies and 
experiments, particularly for predicting illness in 
the health and care sector. Supervised learning 
algorithms are designed to learn by example. 
Training data (consisting of inputs that are 
paired with correct outputs) are used to predict 
a target attribute, and ML algorithms infer a 
model from labelled input data. This allows for 
trained algorithms to take in new data inputs and 
determine their classification based on the training 
data and make correct target predictions [12 & 13]. 
An example of this could be training algorithms 
with medical images of diagnosed conditions 
(e.g., X-rays of tumours) to detect tumours in new 
medical images.
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Unsupervised learning in ML uses no form of 
supervision/training; instead it uses ML algorithms 
to analyse and cluster unlabelled data sets before 
identifying hidden patterns or data groupings 
without human intervention. This could be used 
in population health to categorise groups of 
patients with similar symptoms and/or background 
information to identify common causes [4, 12 & 13]. 

Reinforcement learning involves ML models using 
feedback that acts as a reward or punishment 
to learn and develop, which is a common 
gamification technique [12]. Over time, these 
algorithms optimise long-term rewards and learn 
the best response sequence. This could support 
ongoing dynamic treatment regimes for long-term 
conditions [14]. 

While these different ML approaches appear to 
have numerous applications, they are limited 
to certain capacities. This is mostly due to 
their inherent reliance on datasets that may be 
incomplete, filled with unnecessary data or subject 
to systemic bias, all of which can lead to flawed 
predictions.

Natural Language Processing
Natural Language Processing (NLP) is a 
subdiscipline within AI that utilises the above 
algorithmic methods and focuses on helping 
computers to understand the way people write and 
speak. This involves large amounts of unstructured 
data and involves the use of different ML methods 
depending on the data being analysed [12]. In 
recent years, NLP has supported the analysis and 
management of large-scale text data, and facilitated 
various tasks such as information extraction, 
sentiment analysis, emotion detection, and mental 
health surveillance [15-18]. Its primary role in 
mental health is its ability to automatically identify 
early indicators of mental illness to support early 
detection, prevention, and treatment. NLPs are 
commonly deployed in everyday technologies, for 
example: 	

•	 voice-controlled assistants, e.g., Siri, Alexa, etc.;
•	 natural language generation for answering 

questions in chatbots, often for online customer 
service;

•	 grammar and vocabulary autocorrect tools; and
•	 pre-emptive text prompting.

The advantages of using NLP approaches to 
understand mental health through text and audio 
include high ecological validity, low subjectivity, 
low cost of frequent assessments, and faster 
administration of tasks compared to standard 
practice [19]. An additional benefit of analysis using 
NLP is that data can be collected remotely, meeting 
demand for remote cognitive and behavioural 
assessments in the post COVID-19 era [20].

Deep Learning  
Deep learning is a subset of ML, which is essentially 
a neural network with three or more layers of 
nonlinear computational processing units [21]. 
These networks aim to simulate the behaviour of 
the human brain that allows them to learn from 
large amounts of data. Using the additional layers 
to support the optimisation and refinement for the 
purposes of accuracy.

These deep learning neural networks are made up 
of multiple layers of interconnected nodes, each 
building upon the previous layer to refine and 
optimize the prediction or categorization of input 
data. This computation through the networks is 
known as forward propagation, with the input 
and output layers being known as the visible 
layers where deep learning models ingest data and 
produce final predictions or classifications [22]. 

An alternate backpropagation process uses 
algorithms, to calculate errors in predictions and 
then adjusts the weights and biases of the function 
by moving backwards through the layers in an 
effort to train the model. When combined, forward 
propagation and backpropagation allow these 
neural networks to make predictions and correct 
errors [22]. This allows algorithms to become more 
accurate over time.
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The deep learning algorithms are exceedingly 
complex, with different types of neural networks 
existing to address specific data and/or problems. In 
mental health, these are predominantly [21 & 22]:

•	 Convolutional neural networks (CNNs), 
which are used primarily in computer vision 
and image classification applications. These 
networks can detect features and patterns 
within data, including images, allowing for 
object detection or recognition. CNNs have 
shown potential in detecting mental health 
conditions via the analysis of speech, specifically 
with regards to depression [23].

•	 Recurrent neural networks (RNNs), which 
are used in natural language and speech 
recognition applications, leverage sequential 
or times series data. RNNs have been shown 
to have promise in identifying patients with 
schizophrenia through the analysis of functional 
MRI (fMRI) data [24]. Furthermore, RNNs 
have potential to analyse online behaviour to 
detect and support users in overcoming their 
mental health problems such as anxiety, phobia, 
depression, paranoia [25].

 A large-scale scoping review of the use of deep 
learning in mental health advises that deep learning 
has incredible potential in improving mental health 
diagnosis and treatment in the future [21]. The 
study found that the amount of research into the 
use of deep learning is growing, and results to date 
have led to the development of multiple disease risk 
prediction models, using both clinical and non-
clinical data, that show promising initial results.

There are still issues that need to be overcome in 
all aspects of AI in healthcare, such as overcoming 
the limited availability of large-scale health data 
(especially in the field of mental health) [21]. This in 
turn has restricted the validity of research outcomes 
meaning much more work is still required before 
implementing these technologies in mental health 
services. 

All of the various subsets of AI have tremendous 
potential in supporting: 
•	 diagnosis
•	 prediction of outcomes
•	 assessment
•	 treatment of mental health conditions

To ensure the true potential of AI within mental 
health, stakeholders from across the field of mental 
health care and research, citizens, governing bodies 
and AI specialists will need to work together to 
develop solutions. Collaboration is required to make 
sure to that human intelligence is combined with AI 
solutions to ensure product validity, appreciate the 
aspects of mental health that may not be observed 
or accounted for in data, to understand the impact 
of data biases and pre-empt and mitigate errors 
made by AI [26].

Leaders in Mental Health AI
The global AI in healthcare market size is estimated 
at $15.4bn in 2022 and is expected to grow at a 
compound annual growth rate (CAGR) of 38.4% 
to reach $208.2bn in 2030 [27]. North America 
(specifically USA tech regions) dominated the 
market in the last year, with over a 58% share of the 
current market. When observing research into ML 
and NLP by geographic location, we can infer that 
North America is leading the way in the academic 
world as well, with Europe and the UK also playing 
a significant role in the field (see figure 1). 

Specific cities that lead this area of research 
include Boston, London, New York Cambridge, 
and San Francisco. In the coming years, the Asia 
Pacific region is expected to register faster growth 
due to rapid innovations and developments in 
infrastructure, which are expected to attract 
increased increase investments from private 
investors, venture capitalists and non-profits. 
Additionally, improved data analysis and data 
security, alongside reduced costs, are driving the 
adoption rates of AI in healthcare [27].
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Market leaders driving this growth in healthcare AI 
[27]:
•	 Nuance Communications
•	 IBM 
•	 Microsoft 
•	 NVIDIA Corporation
•	 Intel Corporation
•	 DeepMind Technologies Limited

Whilst these companies are all well established 
in the field of healthcare AI, very few of them 
are active in the field of mental health AI. For 
example, Nuance’s Dragon Medical One is an AI 
solution that employs cloud-based clinical speech 
recognition to accurately capture the patient’s 
story into their Electronic Patient Record (EPR); the 
Dragon Medical Workflow manager is a speech-
enabled clinical workflow solution that integrates 
data and documentation into EPRs or other clinical 
information systems; and the Dragon Medical 
advisor provides clinicians with evidence-based 
decision support [28].

The Worcestershire Health and Care NHS Trust, 
one of NHS England’s Global Digital Exemplars, 
invested in 200 licences of Dragon Medical to 
support their community and mental health team 
in overcoming their administrative backlog and 
burden of paperwork [29]. Specifically, in the 
Trust’s Child and Adolescent Mental Health Services 
(CAMHS), the solution’s speech recognition and 
integration with clinical documentation allowed for 
clinicians to capture their patients story and place it 
in their EPR much more efficiently. 

This allowed health and care professionals to 
focus more on their patients and removes the 
administrative burden that inhibit this [29].  
Meanwhile, online searches have shown that 
Microsoft and IBMs mental health AI activity has 
seemingly stalled as of 2020. In truth, the leaders of 
the field would appear to be in the field of academia 
and research, though this has potential to rapidly 
change. 

Summary
AI for mental health is widely regarded to be in 
the early ‘proof of concept’ stage, with massive 
amounts of research investigating the many facets 
of mental healthcare. Very few solutions exist that 
are patient facing, with the majority of AI solutions 
being used to support and streamline mental health 
management services. 

While this can have a positive impact upon patients, 
it will likely go unnoticed directly by them. The most 
common uses of AI in mental health will likely be in:

•	 Image analysis where machine learning and 
deep learning algorithms are trained to identify 
mental health conditions via image analysis. For 
example, a study by Just et al., (2017) used ML 
algorithms to identify individuals who engaged 
with suicidal ideation to a 91% accuracy via 
fMRI analysis [30].

•	 Chatbots are currently the most common 
example of AI use in mental health. Using 
natural language processing and learning 
techniques, chatbots will continue to improve 
and provide users with ‘virtual humans’ to 
provide daily consultation and simplified therapy 
[31].

•	 Voice and image recognition, and text 
analysis are used to predict, monitor and 
prevent the onset of mental health conditions. 
For example, researchers have been able to 
classify schizophrenia patients and controls with 
an accuracy of 85.5% by extracting functional 
connectivity patterns from resting-state 
functional MRIs of schizophrenia patients and 
healthy controls [32].

It is important for stakeholders in the field to be 
realistic about AI in mental health and moving 
beyond clinical research towards implementation 
of solutions at scale. To date, AI applications have 
mainly been used to support diagnosis by helping 
determine whether individuals have a particular 
mental health condition.
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AI technology has also been used to predict or 
assess the risk of having a mental illness. In terms 
of treatment, AI technologies have been used for a 
range of purposes:

•	 as platforms for interacting with clients;
•	 to predict if patients are more likely to respond 

to treatment;
•	 as a method of data collection that can be 

adapted;
•	 to provide mental health support using various 

styles and types of therapy in a conversational 
format.

These have all been predominantly in a research 
context. Further research is required to prove 
technical and clinical validation of AI solutions in 
both physical and mental healthcare. Health and 
care services also need to ensure that appropriate 
clinical guidelines are in place, that solutions 
have access to sufficient sets of data, and that the 
relevant infrastructure is in place to fully realise the 
potential of AI. 

Virtual Reality
Virtual Reality (VR) is a computer-generated 3D 
simulation in which individuals can interact in a 
seemingly realistic manner via the use of specific 
hardware. Currently, the standard approach to VR 
technologies is the use of VR headsets with a head-
mounted display. Certain VR solutions have made 
use of tactile and olfactory stimuli in addition to 
the standard visual and auditory stimuli [33]. While 
there is not a specific overview of the VR mental 
healthcare market, the overall VR healthcare market 
has been projected to grow from $240.91mn in 2018 
to $2.38bn by 2026. The major factors driving this 
growth are believed to be;:

•	 an increase in the incidence of neurological 
disorders, which are being ranked as the leading 
cause of disability-adjusted life years (~276 
million) [85],

•	 a growing demand for innovative diagnostic 
techniques,

•	 an increasing awareness of the potential for VR 
in the healthcare sector, as well as the overall 
advancement and uptake of VR tech within the 
sector [34]. 

As with the majority of digital health market 
segments, North America holds a dominant share 
of the VR healthcare market and is anticipated to 
continue to do so during this period of growth [34].

VR can transport users to simulated situations in 
which psychological or mental health issues occur. 
This allows for the precise, real-time data capture of 
a patient’s reaction to certain stimuli in a safe and 
controlled virtual environment [35]. In turn, there 
is potential to drastically transform how health and 
care professionals assess mental health and provide 
alternative approaches to the delivery of mental 
health therapies. 

VR has been applied in the delivery of exposure-
based treatments, in which individuals can 
experience feared scenarios or contexts in a 
completely safe and controlled environment, 
something that has been shown to be effective [35]. 

Importantly, this has been in the research setting, 
where exposure therapy has been the dominant 
use of VR, and in which the quality of study 
methodologies has been noted to be low. The 
implementation of VR treatments outside of the 
research setting has yet to be examined [35].

 Bell et al. (2020), suggest that VR for clinical 
assessment in mental health is where the 
technology may have the most value [35]. 
Through VRs ability to generate highly controllable 
real-world environments, clinicians can reduce the 
limitations in mental health assessment caused by 
the hospital setting and avoid the high costs of real-
environment mental health assessments [36].

This is predicated on the knowledge that exposure 
to virtual environments has been shown to produce 
emotional responses that are consistent to exposure 
to real-world scenarios, including fear responses, 
anxiety, and paranoia [37]. 

The ability to control and manipulate these virtual 
environments and the objects within them further 
enhances the environmental validity of these virtual 
realities for the purposes of clinical assessment 
[36]. Research into assessment has predominantly 
focussed on:

•	 Social functioning this can be assessed using 
automatic data capture, such as eye gaze, 
recorded response to virtual social stimuli, and 
proximity to virtual reality avatars [38-39]. 
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•	 Cognition where VR can be used to test 
memory and executive function (the mental 
skills for working memory, flexible thinking 
and self-control) using virtual mazes, attention 
tasks, etc. This has been used to assess attention 
and response inhibition in children and early 
teens with ADHD in comparison with a control 
population [40-42].  

•	 Symptomatology VR environments can be 
used to elicit and assess symptoms of mental 
health conditions such as paranoia, psychosis, 
persecutory delusions, and have been used to 
study symptoms of auditory hallucinations, 
eating disorders and addiction [43-53]. 

The VR exposure therapies used in the treatment 
of mental health conditions, such as anxiety 
and depression, have been shown to effectively 
help patients overcome these conditions [54]. 
Scoping reviews of the literature surrounding VR 
for the treatment of anxiety and depression, in 
which VR Cognitive Behavioural Therapy (CBT) 
has been effective in supporting treatment, 
have recommended the use of VR in a clinical 
environment [54].  Despite the ever-growing 
academic evidence and support for the field, the 
commercialisation of VR mental health technologies 
is lacking [35].

Leaders in mental health VR
Global leaders in the VR healthcare market include 
[55]: 
•	 Koninklijke Phillips 
•	 Samsung
•	 EON Reality
•	 CAE Healthcare 
•	 Microsoft
•	 Google
•	 Oculus Rift

However, while these are the leaders in VR 
technology overall and in VR for healthcare, their 
commercial offerings for mental health solutions 
are limited. For example, KoninKlijke Philips offer 
VR solutions that support their medical imaging 
technologies by enabling device guidance and 
training, but they do not offer any specific mental 
health solutions [56]. In 2017, Samsung worked 
with hospitals in Korea to roll out VR tech for CBT; 
however, results of this work and their recent 
activity in VR for mental health have not been 
publicised [57].

EON Reality collaborated with Danish health 
organisations in 2018 to use VR therapy to treat 
anxiety in children. However, their main use of 
VR in healthcare is in training and education via 
virtual environments and rendering of anatomy 
[58-59]. CAE Healthcare have collaborated with 
Microsoft HoloLens to develop healthcare training 
applications for clinical learners to engage with 
anatomy and physiology in a virtual environment 
[60].

Summary
VR for mental health appears some way from being 
used in clinical practice. The academic evidence 
base is well established (Appendix 1) and suggests 
that clinical trials of VR solutions for treatment and 
assessment of mental health will be the next step. 
Most likely, the use of VR in mental health will 
mirror the use of VR in wider health and care, which 
tends to be [61]:

•	 medical training
•	 patient education
•	 virtual therapies (both for physical and mental 

health)
•	 disease awareness, and 
•	 patient experience

As is evident from the surrounding literature, more 
work is required to establish the clinical reliability 
and validity of VR-based solutions for mental 
health. Issues relating to access to both hardware 
and software solutions, as well as the ethical 
implications of the field require more attention, 
thought and research as the field develops. 

The use of VR in mental health is reliant on the 
overall VR technology offering expanding. This is 
required to drive down hardware costs and increase 
the supply of hardware to ensure that any VR 
solutions are cost-effective for both health and care 
services and individual consumers. 
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Gamification
Gamification is a function of software development that uses the application of game design techniques 
and methods within non-game environments.  It is an emerging trend across the entirety of digital health 
[62]. Gamification combines three components: gamefulness - the behavioural quality of games; gameful 
interaction - how users interact with games; and gameful design - the design of game elements for the 
non-game environment [63]. 

Gamification’s potential in the field of digital mental health has been predicted to increase the effectiveness 
of solutions by extending the reach of online programs to users who may not otherwise use them. Games-
based motivational techniques, such as rewards mechanisms are also used to increase user engagement 
with digital mental health solutions to produce better health outcomes for the user [64]. 

Several early studies into gamification have suggested that it can have possible benefits for psychological, 
cognitive, and behavioural changes and/or symptoms reductions in mental disorders, including mood 
disorders, autism spectrum disorders, attention disorders, substance abuse disorders, schizophrenia, 
conditions related to neurodegeneration and others [63]. The use of gamification in health and care has 
predominantly been applied in physical health and fitness to instil healthy behaviours in users [65-66].  

While there are various gamified digital mental health solutions, they are not as common as their physical 
health counterparts. This could be due to the core principle of gamified solutions providing emotional 
rewards/compensation which could be detrimental to users with mental health conditions [63]. This is not 
to say that gamification methods may not have benefits in the context of psychological and behavioural 
modifications; rather, more work is required to enhance the reliability and validity of gamification for 
assessing, treating, and aiding mental health improvements in the future.

Underlying theories of gamification 
The behavioural theories, and psychological and cognitive models that underpin behavioural change 
through gamification, are numerous. Figure 2 provides a brief snapshot of these with regards to mental 
health. 

•	 Conditioning theories:  the most traditional form of psychological intervention is based on the 
principle of rewarding positive behaviour in citizens. In gamification for mental health, we apply the 
same thought process through the use of awards and scores. In some instances, users are provided 
with incentives for incremental goals to push towards overall change. This is a principal tenet of 
conditioning [63 & 67].

•	 Expectancy theories: people with mental health disorders often display a severe lack of intrinsic 
motivation. The role of a mental health professional is to provide these people with extrinsic motivation 
until they become intrinsically motivated over time. Applied games or gamification techniques can 
provide this extrinsic motivation using rewards mechanisms to motivate individuals to attain their 
behavioural change goals [63, 68 & 69].
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•	 Goal setting theories: Fundamentally, 
gamification in mental health works on 
exploring ways to achieve realistic goals. This 
incorporates the SMART methodology of 
specific, measurable, attainable, realistic, and 
time bound goals for the purposes of enhancing 
the therapeutic process [63 & 70].

•	 Self-determination theory: Autonomy, 
competence and relatedness are factors 
that foster motivation and engagements of 
individuals. Self-determination theory purports 
that if these psychological needs are satisfied, it 
can have an incredible, positive impact on the 
wellness of individuals. Gamification in mental 
health attempts to capture these same factors 
[63 & 71].

•	 Exposure therapy: Virtual reality or 
augmented reality games use the frameworks 
of exposure therapy to guide behaviour change. 
VR games provide patients with the ability to 
interact with the stimuli or events they fear in 
a safe and secure virtual environment, with the 
goal of reducing their discomfort in a real-world 
context. For example, the use of VR therapy 
for patients with a fear of heights have shown 
promising results [63, 72 &73].

Beyond these core principals, gamification has 
applications in CBT-based therapy. These often 
employ a ‘levelling up’ function and incorporate 
conditioning theory through the use of incremental 
short-term goals over long-term periods [73]. There 
have also been multiple studies of gamification in 
mood assessment and mood tracking [74].

The advantages of gamification for mental health 
have been reported from both mental health service 
providers and citizens [63]. If used appropriately, 
gamification can help users in overcoming 
feelings of loneliness and a perceived lack of 
interpersonal skills through regularly engaging 
people in meaningful activities and helping them 
to familiarise with different users on the same 
platform. 

For mental health service providers, gamification 
in mental health has helped improve the ‘clinician-
patient’ relationship by encouraging the patient to 
assume greater responsibility for their own mental 
health and viewing their clinician as a coach rather 
than an instructor [63]. 

This could help to further the cause of remote 
mental health services; however, the individual 
patient and their needs must always be considered 
as certain people may need the ability to see and 
speak to their clinician as quickly and easily as 
possible [63]. 

Leaders in gamification for mental 
health 
Whilst all the emerging trends in this report are 
in their infancy with regards to mental health, 
gamification is still an incredibly novel approach. 
This means that unlike AI and VR, gamification 
in healthcare does not have the same level of 
commercial leadership. 

The global healthcare gamification market is 
predicted to surpass $47.2bn by 2026, though 
this anticipated to be mostly made up of casual 
healthcare-oriented games and not clinically 
validated digital therapies/therapeutics [75]. 

The use of gamification is still largely in the research 
space. A 2019 systematic review of gamification 
in apps and technologies for improving mental 
health and wellbeing found that the application 
of gamification is not driven by health behaviour 
change theory, but instead uses techniques of 
gamification without truly understanding the 
underlying theory and mechanisms [76]. 

The researchers called for a standardisation in 
how gamification is both applied and understood 
for both mental health and further afield [75]. 
Importantly, this was primarily in the academic 
context and the authors suggested commercial 
applications may not have the same issues. 

There are several well-known commercial mobile 
applications including SuperBetter, Headspace, 
Calm and many more apps that utilise game design 
techniques for behaviour modification to improve 
users’ mental health. A 2021 systematic review 
and meta-analysis of these mental health apps 
sought to determine whether these commercial 
solutions with gamification elements differ in their 
effectiveness in reducing symptoms of depression in 
comparison to those without gamification elements 
[77].
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Their results showed that there was no significant 
difference in effectiveness of mental health 
applications with or without gamification elements. 
Mental health apps using gamification may provide 
a readily available option for mental health care; 
however, supplementary research is needed on 
their effectiveness before they can be reliably 
implemented into standard practice [77]. All of this 
highlights that despite great gains in the field of 
gamification for digital mental health, there is yet to 
be a leading region, health service or organisation 
that has emerged. 

Summary 
Gamification in mental health is not without 
its limitations and criticism. The costs alone in 
developing a game with the high complexity 
required to improve mental health could be 
extensive. This makes it incredibly difficult for 
researchers to venture into the field and establish 
the true efficacy and validity of these techniques 
without significant partnerships with industry. 
Similarly, the expertise required to build these 
games is a multidisciplinary effort that requires 
extensive skill sets on the part of each contributor 
(especially that of the mental health professionals) 
[63].

One of the core underlying components of 
gamification is that people are driven by intrinsic 
motivation to satisfy their base psychological 
needs. Mental health, however, is a highly complex 
domain in which users may lack some of these 
fundamental drivers. There is also a risk that, as with 
other digital mental health tools, these techniques 
can further isolate individuals and act as barriers to 
socialisation that may worsen certain mental health 
conditions [63]. Overall, there is still a clear lack of 
explicit interconnectedness between the application 
of gamification and the underlying psychological 
theory [63].

Going forward, there needs to be a greater focus 
on interdisciplinary and cross-sectoral approaches 
to improve the reliably and validity, as well as the 
user-centric components of gamified solutions. 
Combining traditional therapy methods with 
individualistically tailored gamification techniques, 
discussed above, could provide an opportunity to 
address mental health issues in the near future.
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Digital Phenotyping
Digital phenotyping (a sub-sector of Big Data 
Analytics) refers to the constant mobile sensing 
and collection of data through smartphones, 
smartwatches, and other digital hardware [79]. It 
has been referred to as the “moment-by-moment 
quantification of the individual-level human 
phenotype in situ using data from personal digital 
devices, in particular smartphones” [80]. The 
development of this field has been driven by the 
modern collection of health data that is becoming 
more and more ubiquitous, unobtrusive, and 
continuous, and is no longer confined to lab or 
clinical environments or reliant on specialised 
medical instruments [81]. 

It is thought that as mental health conditions are 
diagnosed using symptoms identified from patient 
interviews and patient-reported experiences, 
digital phenotyping of mental health could expand 
the ability to identify and monitor mental health 
conditions though patient interactions with digital 
technologies [82]. Smartphones in particular allow 
researchers, and may allow health and care services, 
to collect a range of passive data from users/
patients. This data can potentially predict mental 
health problems. Figure 3 provides an example 
of the feature construction for mental health 
conditions from passive data [79]. 

A systematic review by Mendes et al. (2022) 
demonstrates that there are measurable features 
on smart devices that can act as proxies for mental 
status and well-being, but the overall evidence 
for high-quality features for mental states remains 
limited [82]. Furthermore, the ethical implications 
of the field especially regarding privacy and digital 
security of often vulnerable people with mental 
health issues need to be both clearly understood 
and considered at all stages of research and 
development for the technology.

In the research context ‘patient’ populations have 
consented to participate and have agreed what data 
is to be collected as well as how this data collection 
will occur. If digital phenotyping is employed at 
scale by mental health services, there needs to be 
established guidelines on the use of the technology, 
data usage consent.

At this early stage in the development of digital 
phenotyping, it is important to understand that 
its predicted use for moral good may overlook the 
social values embedded in the field, such as the 
wider ethical, social, clinical and economic values 
we may currently take for granted [83].

For digital phenotyping to have true benefit 
in mental health, there needs to be serious 
consideration about the practicalities of its future 
clinical application. If digital phenotyping is to 
be implemented, and to have true value, it must 
conform to the established norms of quality and 
safety, whilst being cost-effective and feasible. 
The research into these challenges will need to 
be multifaceted and multidisciplinary. This needs 
to include consumer and health stakeholder 
engagement, implementation science, technical 
development, intervention design and economic 
evaluation. 

As mental health conditions are often first presented 
in youth, and this group is an enthusiastic 
adopter of consumer technologies, the successful 
development of digital phenotyping is of specific 
relevance to the future of mental healthcare. A 
concentrated effort is required to realise the benefits 
of digital phenotyping for today’s citizens, and not 
for future generations. 

If done properly we may see improved mental 
health care services that are more personalised 
with better diagnosis, monitoring, and overall 
treatment. To achieve this the field will require the 
development of global leadership and collaboration 
to tackle issues of trust and access to data, as well 
as increased research to better understand digital 
phenotyping and its potential impact for health and 
care services. As digital phenotyping is predicted to 
address genuine gaps in assessment and treatment 
of mental health issues, the field is well-placed to be 
a leader in this novel digital health discipline.  
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Conclusion
The identified innovations in digital mental health discussed in this report are all still in their infancy, with 
little to no clinically validated solutions operating in mental health and care services. Literature shows 
that these fields are expected to have tremendous impact in mental health, albeit it is likely that the true 
potential of each sub-sector may be realised in their interaction with one another (as well as other digital 
health solutions), rather than as individual technologies. 

Digital phenotyping is and will continue to be reliant on Artificial Intelligence, particularly machine learning 
and predictive analytics, to develop the predictive models that diagnose mental health conditions from 
digital interactions, while AI is heavily reliant on ‘Big Data’ to learn and develop models for prediction. 
Gamification is intrinsically linked with Virtual Reality, with both technologies emerging from the gaming 
sector; the use of VR for the purposes of mental health therapies, in turn, is reliant on the underlying 
theories of gamification discussed above.

It is important to note that these technologies, especially in relation to digital mental health, have yet to 
be implemented at any scale and are likely to take several more years before they can penetrate the digital 
health and care market in a meaningful way. 

However, there is an opportunity for Scotland to act as a test bed for some of these opportunities, 
expediting developments by creating multi-sectoral collaborations which help develop appropriate clinical 
and technical guidelines; informing appropriate data protection standards and processes; and supporting 
the piloting and refinement of solutions for mental health. These are aspects which could initially be 
progressed by the Digital Mental Health Innovation Cluster.
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