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Abstract 
The six publications presented in this thesis represent a programme of research spanning six years (2014-2019). The papers investigate existing technological interventions for people with complex long-term neurodisabilities (LTNs) across the lifespan focusing on adults post stroke and children and young people (CAYP) with Attention Deficit Hyperactivity Disorder (ADHD). 
 
Individuals with complex LTNs spend minimal time with their clinicians compared to time away from them. Therefore, alternative complex interventions such as the use of technology are being used to facilitate the self-management of their condition. These are explored using primary (publications two, three and six) and secondary (publications one, four and six) research methods in the publications in this thesis.
 
The overarching finding from the research undertaken and reported in papers one to five is that whilst a plethora of research has been undertaken in the context of health technology a failure to evaluate or develop these appropriately means that many technologies still remain unsuitable. Paper six in many ways is a methodological response to the limitations identified. In this research Realist Evaluation (RE) was uniquely adopted to design a set of recommendations for the future development of a technological self-management intervention for CAYP with ADHD. This method could inform future research in other areas. 
 
The overall recommendation resulting from this body of work is that future development of complex interventions should be iterative, involve end users and stakeholders at every stage of evolution. There is also a necessity to be transparent in the reporting of findings, ensuring that personal and environmental contexts are taken into consideration. The challenges facing individuals with long-term conditions are complex and cross-disciplinary research approaches which position end users as experts are required to ensure that technological responses are developed that are fit for purpose. The use of RE and co-design methodologies could help to achieve these recommendations. 
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This thesis outlines six publications that represent a programme of research spanning six years. Although I do have research experience in other areas, most of my peer-reviewed publications have investigated the suitability of and evaluation of complex technological interventions that aim to help people self-manage long-term neurodisabilities (LTN) over the life course. They mainly focus on stroke survivors and children and young people (CAYP) with Attention Deficit Hyperactivity Disorder (ADHD). The work presented highlights the need for the use of rigorous methodologies such as co-design (Sanders and Stappers, 2008) for the design, and realist evaluation (Pawson and Tilley, 1997) for the design and evaluation of complex interventions. This is important as well-designed interventions are more likely to lead to long term impact (Greenhalgh et al. 2016).

Specifically, publication six highlights how behaviour change and self-management theories can underpin the development of complex interventions. It also outlines the development of a set of guidelines for designers developing technological interventions for CAYP with ADHD to help them self-manage their condition.

The need for technological self-management interventions for individuals with LTNs are presented within the context of Medical Research Council (MRC) framework (Craig et al. 2013) and behaviour change, self-management and intervention delivery theories. Primary and secondary research methods were adopted across the six publications. These will be discussed in terms of how research aims were met.

All six included publications were peer reviewed and in the public domain. They have been published in technology and clinical journals with high impact factors ranging from 3.5 to 4.7. Other related work has also been published on the Collaboration for Applied Health Research and Care Yorkshire Humber (CLAHRC YH) website as a result of publications two and three (Powell et al, 2017b). Patient and Public Involvement (PPI) work has also been conducted with parents of and CAYP with ADHD and was published on the National Institute of Health Research (NIHR) INVOLVE website (Powell et al, 2017a). 

Section two presents a brief summary of my career path, research interests and experiences impacting upon my research practice.

Section three presents the epistemological approach taken during this PhD.

Section four presents the narrative behind six included publications, methods adopted and my role in each of them. 

Section five describes the need for LTN self-management, specifically in relation to individuals post stroke and those living with ADHD; specific behaviour change theories that underpin LTNs and the role technology can play in LTN self-management and complex intervention delivery. It also outlines appropriate methodologies for the design and evaluation of complex technological interventions. 

Section six discusses the key issues of the included publications and their limitations.

Section seven outlines reflections on terminology used within the thesis, the epistemological stance of the included publications. It also presents reflections of the process of conducting and writing up the research and this thesis.

Section eight outlines the works impact, dissemination and implications on research and clinical practices.

Section nine outlines the unique contribution of the work presented.
[bookmark: _Toc412365417][bookmark: _Toc421363317][bookmark: _Toc41993940][bookmark: _Toc42172990]Section 2. Career Path Summary
I have a BSc in Psychology (2010) and MSc in Psychological Research (2011). During my studies I undertook paid and voluntary work with CAYP and people living with dementia, respectively. The CAYP I worked with were often from deprived backgrounds with learning difficulties. These fulfilling experiences provided me with communication skills that benefited my research practice in recent years. 

Following completion of my MSc, I worked in research governance in the National Health Service (NHS) and assisted with research approvals and NIHR research recruitment. In 2012, I joined the School of Health and Related Research (ScHARR) as a Research Assistant. Here I worked in a research group that explores how technology can be harnessed to facilitate and support the self-management of long-term conditions. I assisted with a number of research projects involving elderly populations, people living with dementia and clinical staff. This eventually allowed me to lead and publish my own research, resulting in a promotion to Research Associate in 2017. This led to my successful appointment as a lecturer in Psychology and Education in 2019, where I continue to pursue my research interests. The research projects I led involved data collection from clinicians, parents and CAYP with ADHD and individuals post stroke and their carers. I also led a systematic review (publication 1) investigating the effectiveness of wearable devices for rehabilitation post stroke (Powell et al. 2016). This helped me develop expertise in systematic reviewing and data synthesis. I have since published three systematic reviews around group exercise in stroke patients (Church et al. 2019), the use of technology to help young people manage their ADHD (Powell et al. 2017b) and thr use of technology for upper limnb stroke rehabbilitation (Parker et al, 2020). I have reviewed a systematic review for the Cochrane Collaboration and assisted several colleagues inexperienced in using systematic review methodologies. Additionally, after providing a number of peer reviews for the British Journal of Educational Technology (impact factor 2.7), I became a member of their editorial board in 2019. These experiences provided me with experience and confidence to continue to pursue a career in health service research.

I have been fortunate to work with people with various long-term conditions, which broadened my research experiences. For example, I managed a feasibility randomised controlled trial (RCT) involving people with chronic obstructive pulmonary disease and contributed to a number of other projects involving stroke survivors, people living with multiple sclerosis, dementia and the elderly. I also developed, and maintain, a citizen science database of over 200 people with a range of long-term conditions that volunteer to help develop and/or take part in future research projects. This has involved visits to the community to recruit people to the database. The database has helped a number of research projects recruit participants in a timely manner and is a resource for myself and work colleagues within CLAHRC, the Centre for Assistive Technology and Connected Healthcare (CATCH) and the Rehabilitation and Assistive Technology (RAT) Group at the University of Sheffield. These experiences enabled me to successfully apply for funding, publish in high impact journals and deliver poster and oral presentations at international conferences. Many of these achievements have contributed to the publications presented within this thesis.
[bookmark: _Toc421363340][bookmark: _Toc41993941][bookmark: _Toc42172991]Section 3 Epistemological Approach to this PhD
It is suggested that how researchers view reality (ontology), how they ‘know’ what they know (epistemology), what their values are (axiology), their portrayal (rhetoric) and their chosen methodologies all have implications on their research (Creswell and Poth, 2007). In relation to this thesis, it is my belief that the interaction between the participants’, clinician(s), their close family members; their environment and their social circumstances influence their reality (publications 2, 3 and 6). Table 8 details the epistemological and methodological approaches adopted across the six included publications in this thesis.
Table 8. Outlining epistemological and methodological standpoints of included publications
	
	Epistemological standpoint
	Methodological approach

	Pubs* 1 and 5
	Ontological relativism and epistemological constructivism: Conclusions drawn by the way the authors interpreted the results. 
	Systematic narrative reviews adopting a configurative approach as they aimed to find, interpret and arrange information from the included studies in the reviews to formulate answers to the research questions (Ginis et al. 2017).

	Pubs 2, 3 and 6
	Constructivist approach as research was undertaken in participants natural settings (home/work), offering the researcher the opportunity to explore human experience as people live and interact in their environmental, social and cultural world (Guba and Lincoln, 2005).
	Qualitative approaches (publications 2, 3 and 6) to gain detailed and in-depth data to answer the research questions and realist evaluation (publication 6) which uses multiple methods to answer the question “what works for whom and under which circumstances and respects?” (Pawson and Tilley, 1997).
Additionally, publication 6 transitions from a deductive to an inductive approach. That is, the deductive phase is developing the unrefined CMOCs which are based upon existing theory. The inductive phase involves testing and refining the CMOCs using multiple investigation methods in order to develop and refine theory.

	Pub 4
	Constructivism underpinned the two examples presented within this publication. The advice is that service users are involved in the quality assessment of healthcare apps. That is, their lived experiences are important when assessing the quality of such apps.
	Qualitative approaches were adopted within the examples provided in this publication. In-depth information is required from service users to effectively assess the quality of healthcare apps.


*Pub: publication
[bookmark: _Toc412365418][bookmark: _Toc421363318][bookmark: _Toc41993942][bookmark: _Toc42172992]Section 4. Narrative Behind Included Publications
This methodology PhD emerged from my experience of working within a group based in the School of Health and Related Research (ScHARR) at the University of Sheffield that specialises in technology and healthcare. Here I worked on a number of projects involving technology working with many different populations with different conditions across the life course.
What I and others often found, was that a lot of technology-based companies would share their products with us and ask if there is a potential clinical application. For example, we used inertial sensors to measure hyperactivity in CAYP with ADHD and upper limb activity post stroke. These sensors were not, in their purest form, suitable for use by these populations straight away. Therefore, we undertook feasibility work with end users and stakeholders to make them fit for purpose. 
Experiences such as this made me think how there must be other technologies that could help people with LTNs, hence paper one of this PhD explores the effectiveness for available technology for lower limb function in stroke survivors. This found only three of the eleven included RCTs reported significant between-group differences in lower limb function for a number of reasons including small sample sizes, aggregating ordinal data, not considering the complexity of the condition or the context and not providing evidence for co-design or end user involvement. Therefore, I decided to look at another LTN in a different age group that was congenital rather than acquired (ADHD).

Papers two and three focused on ADHD as it is also a complex LTN. Mobile applications are growing in popularity and young people are often comfortable and used to using them. At the time, there were lots of apps on the market that claimed to help CAYP with ADHD and parents manage their ADHD. Parents also play a large role in ADHD management in children therefore apps were looked at for parents (paper three) and also for CAYP with ADHD (paper two) to see if they are suitable in the self-management of ADHD. These studies found that the apps were often not suitable for the target audience and again, there was no evidence of end user involvement or co-design.
As there then appeared to be a lot of technology available that is not fit for purpose, I thought it would be beneficial to involve end users in the suitability assessment of healthcare apps to try to optimise what is available to prevent avoidable research waste (Bleijenberg, 2019). Therefore, Paper four presented two examples of how end users could be involved in the subtility assessment of healthcare apps. This was important as previous healthcare app suitability assessment attempts at the time did not include end users.
I then decided to broaden the focus to technology more broadly for CAYP with ADHD in a systematic review looking at the level of evidence for available technology for CAYP with ADHD to self-manage their condition. This also found little evidence of co-design or end user involvement in the development of these technologies. There was also little reflection provided around the importance of context in complex intervention delivery.
As a pattern seemed to be emerging, I decided to use Realist Evaluation (RE) in an innovative way to design some recommendations (referred to as “guidelines in the paper) for a technological intervention for CAYP with ADHD to help them self-manage their condition. RE has never been used in this way or with this population before and can help identify detail and the importance of complex and hugely variable contexts in which the intervention could be delivered in.  Therefore, paper six concluded that if you adopt innovative methods such as co-design and RE that explore the theories and contextual circumstances, the intervention may be more suitable for the target end users and therefore more likely to lead to impact (Greenhalgh et. al., 2016). Section 8.1 discusses in further detail, the impact of each of the included publications in this thesis. Figure 1 presents the research questions and key findings of all six included publications and table 1 provides a summary of the publications included in this thesis.
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Figure 1. Research questions of each paper are in the blue boxes with corresponding key findings on the right-hand side.



	Article
	Funding Source
	Methods
	Setting, population, sample
	Study duration (from/to)

	1. The effectiveness of lower limb wearable technology for improving activity and participation in adult stroke survivors: a systematic review (2016). Journal of Medical Internet Research. 18(10):e259
	NIHR CLAHRC YH (Telehealth and Care Technologies (TaCT) Theme)
	Systematic review
	Papers assessing the effectiveness of technological interventions aiming to improve activity and participation for lower limbs in adult stroke survivors.
Number of included papers: 11
Total number of participants across 11 included studies: 1002
	December 2014- April 2016

	2. Attention Deficit Hyperactivity Disorder: is there an app for that? A suitability assessment of apps for children and young people with ADHD Journal of mHealth and uHealth (2017). 5(10):e145. 
	University of Sheffield Teaching Assistant Sheffield undergraduate Research Experience (TASURE), Wellcome Trust, NIHE CLAHRC YH (TaCT Theme)
	Qualitative: Semi-structured face to face interviews
	CAYP with ADHD and specialist clinicians who work with CAYP with ADHD across South Yorkshire.
CAYP n=5; clinicians n=5.
	June 2016- January 2017

	3. ADHD: is there an app for that? A suitability assessment of apps for parents of children and young people with ADHD (2017). Journal of mHealth and uHealth 5(10):e149
	NIHR CLAHRC YH (TaCT Theme)
	Qualitative: Semi-structured face to face interviews 
	Parents of CAYP diagnosed with ADHD and specialist clinicians who work with CAYP with ADHD across South Yorkshire.
Parents n=7; clinicians n=6
	July 2016- April 2017

	4. Involving users in the evaluation of apps for specific health conditions (2017). Oral presentation and full paper presented at AAATE, 2017; Harnessing the power of technology to improve lives. 242, 646-653. 
	NIHR CLAHRC YH (TaCT Theme) and CATCH
	Methodology paper
	Two examples (ADHD and dementia) presented of how service users can be involved in the suitability assessment of mobile apps.
Number of participants in the two-presented examples: 40. 
	November 2016- September 2017

	5. What is the level of evidence for the use of currently available technologies in managing the difficulties associated with ADHD in children and young people?: A systematic review (2018). Journal of European Child and Adolescent Psychiatry. 27: 1391.  doi: 10.1007/s00787-017-1092-x.
	ScHARR Research Stimulation Prize
	Systematic review
	Papers presenting technological interventions aiming to help CAYP with ADHD self-manage their condition.
Number of included papers: 14
Total number of participants across 14 included studies: 1333
	January –August 2017

	6. Guideline development for technological interventions for children and young people to self-manage ADHD: A realist evaluation (2018). Journal of Medical Internet Research 21(4):e12831
	NIHR CLAHRC YH (TaCT Theme)
	Realist Evaluation: Semi-structured face-to-face interviews.
	CAYP with ADHD and their parents, specialist clinicians who work with CAYP with ADHD across South Yorkshire.
	January 2018-February 2019
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I led a team of researchers for all research studies and subsequent publications included in this thesis. This involved developing research questions for the six included publications, collecting all data, putting together first drafts, assigning and delegating tasks between co-authors and myself and integrating co-author feedback. This was especially relevant to publications one and five (systematic reviews) where second reviewer was required to screen papers to ensure methodological robustness. I was also the corresponding author and led the journal submission processes for all six publications and responded to reviewer comments during the peer review processes. Below, the included publications are broken down by primary and secondary research and a more detailed account of these contributions has been outlined.
[bookmark: _Toc412365420][bookmark: _Toc421363320][bookmark: _Toc41993944][bookmark: _Toc42172994]4.1.1 Primary Research (publications 2, 3 and 6)
For publications two and three I chaired meetings with coauthors when discussing study aims and objectives and I supervised a student over the summer (who I gained funding for). She shadowed the app selection process and interviews (publication 2). I designed both studies, which involved identifying the apps from iTunes and Google Play and developing the interview topic guides. I developed the recruitment strategies for both publications. These included visiting ADHD community groups to explain the study to potential participants (parents of CAYP with ADHD) and contacting NHS clinicians. Clinician recruitment was particularly challenging, as they were especially busy. Fortunately, they were extremely helpful in requesting colleagues to participate in interviews. I carried out all interviews and analysed (thematic analysis) data alongside a coauthor who assisted with analyses to ensure the process was robust.

For publication six, an RE methodology (Pawson and Tilley, 1997) was adopted. This provided me the opportunity to attend a three day course with the Centre for Advancement in Realist Evaluation and Synthesis (CARES) at the University of Liverpool to increase my understanding of RE. An expert in the field conducted this course. I discussed my RE proposal for publication six with him and he agreed it was suitable.  

I chaired meetings with co-authors when developing the aims and objectives for the study. I developed a sampling frame with co-authors to ensure the sample of CAYP with ADHD, parents and clinicians was as representative of each of the populations as possible. I designed this study, developed the recruitment strategy, recruited all participants and collected and analysed all data. A co-author assisted with the analysis to ensure the process was as robust as possible. 

I led the data analysis for publication six, which involved a hybrid of framework and thematic analysis (Parker et al. 2014; Pope et al. 2006; Yin, 2009). As CMOCs were pre-defined based on existing behaviour change and self-management theories before data collection took place, applicable data to these pre-defined CMOCs was used to support or refute them (framework analysis approach). Additionally, some data did not apply to pre-existing CMOCs therefore these data were used to produce new CMOCs. This is where a thematic analysis approach was adopted. I ensured the publication was written up in line with the Realist and Meta-narrative Evidence Synthesis: Evolving standards 2 (RAMESES 2) (Wong et al. 2016) guidelines for consistency and robustness of reporting RE methodology.
[bookmark: _Toc412365421][bookmark: _Toc421363321][bookmark: _Toc41993945][bookmark: _Toc42172995]4.1.2 Secondary Research (publications 1, 4 and 5)
Publications one and five are systematic reviews. For both publications, I developed and carried out the search strategies. A co-author was the second reviewer for included publications in both reviews to ensure methodological robustness. I conducted the study quality assessments for both publications, which were crosschecked with the second reviewer.

Following reviewer feedback for publication one, I updated the review and its search. As one co-author is an outcome measure expert, she conducted the outcome measure quality assessment. Conducting a systematic review was new to me; therefore, I was able to draw upon more experienced systematic reviewers to learn about the methods adopted and the quality assessment of included studies. 

Following experience of working with the outcome measure expert (publication 1), I conducted an outcome measure quality assessment for publication five. I also drafted all sections of publication five.

Publication four derived from discussions with colleagues researching dementia and importance of quality assessments of available apps and how it is important to involve key stakeholders in these assessments. My colleagues and I had worked on two separate studies adopting slightly different methods with the same message; it is important to involve key stakeholders in the quality assessment of healthcare apps. To share this message, we authored a publication using both of our studies as examples of how to do this and why this is important. I led this publication and provided the draft. My colleague drafted the section presenting their example based on their study with people living with dementia (Astell et al. 2016). 
[bookmark: _Toc412365422][bookmark: _Toc421363322][bookmark: _Toc41993946][bookmark: _Toc42172996]Section 5. The theoretical basis for the design and evaluation of technologies for LTN self-management across the life course
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A delphi survey in 2013 defines neurodisabilities as; 
“…a group of congenital or acquired long‐term conditions that are attributed to impairment of the brain and/or neuromuscular system and create functional limitations. A specific diagnosis may not be identified. Conditions may vary over time, occur alone or in combination, and include a broad range of severity and complexity. The impact may include difficulties with movement, cognition, hearing and vision, communication, emotion, and behaviour.” (Morris et al. 2013).

There are over 600 types of neurological conditions (NHS England, 2019a). In 2012-2013, £3.3 billion (3.5% of NHS spend) was spent on neurological services in the NHS and 14% of the social care budget is also spent on neurological conditions (NHS England, 2019a). Additionally, £750 million is spent on urgent and emergency care for this population per year with an annual growth of 3.6% (NHS England, 2019a). Additionally, NHS England have emphasised the importance of people having a “key role” in self-managing their health (NHS England, 2019c). In response to this, the NHS five-year forward view has stressed that the NHS should “take advantage of the opportunities that science and technology offer patients” (NHS England, 2017). Technology has remained on the agenda as the NHS Long Term Plan underpins the importance of technology in the NHS (NHS England, 2019b).

LTNs can occur over the life course and can include conditions such as ADHD, Autism spectrum disorder, cerebral palsy, stroke, Parkinson’s disease and epilepsy. All of these LTNs present differently but all involve brain and or neuromuscular system impairment, which create functional limitations. LTN’s effect a vast amount of our population and have a huge economic impact on healthcare services worldwide. Table 2 lists the prevalence of LTNs and their economic impact. 

Table 2. Outlining the prevalence and economic impact of LTNs.
	LTN
	Prevalence
	Economic impact

	Stroke
	Globally, 25.7 million people rising by 25% by 2035 (Feigin et al. 2017)
	£8.9 billion annually (Saka et al. 2009)

	ADHD
	26 million children and adolescents globally (Erskine et al. 2013)
	£670 million for young people, mean cost to NHS, social care and education systems per young person of £5493 annually (Telford et al. 2013)

	Cerebral Palsy
	2.11 per 1000 live births (Oskoui et al. 2013)
	Lifetime cost per person of 11.5 billion US dollars (Kim et al. 2018)

	Autism Spectrum Disorders
	1% UK population (Baron-Cohen et al. 2009)
	ASD with intellectual disability in UK: £1.23 million, without intellectual disability in UK: £0.80 million (Knapp et al. 2009)

	Epilepsy
	600, 000 people in the UK (Epilepsy Action, 2016)
	€15.5 billion in Europe in 2004 (Pugliatti et al. 2007) 

	Multiple Sclerosis
	Prevalence in the UK in 2010: 289 per 100,000 in women and 115 per 100,000 in men (Mackenzie et al. 2014)
	In Europe, annual cost per patient €18,000, €36,500 and €62,000 for mild, moderate and severe disease, respectively (Kobelt et al. 2006)

	Alzheimer’s Disease
	More than 520, 000 people in the UK (Society, 2019)
	£7.06 billion - £14.93 billion (Lowin et al. 2001)

	Parkinson’s Disease
	145, 000 adults in UK (1 in 350) (Parkinson’s UK, 2019)
	Exceeded $14 billion in the US in 2010 (Kowal et al. 2013), twice the cost of age matched controls in the UK (Findley, 2007)
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Stroke and ADHD have been chosen, as they are both LTNs, where the brain is atypical compared to healthy individuals, usually at different stages of life. This results in altered behaviour where interventions require behaviour change that results in altering the brain. Individuals with a stroke or ADHD can also benefit from behavioural interventions that help them self-manage their symptoms. Unfortunately, the need for therapy in both conditions outweighs the supply.
5.2.1 Stroke
A stroke is caused by a blood clot or a bleed on the brain that can leave lasting damage. It can cause death or disability and can affect mobility, sight, communication and cognition (Department of Health, 2007). Only 15% of stroke survivors will fully recover (Hendricks et al. 2002). Risk factors for stroke include obesity, hypertension and the aging population (Strong et al. 2007). Evidence suggests that there is a need for rehabilitation that involves repetition and intensity to promote neuroplasticity and motor re-learning (Kleim and Jones, 2008). This rehabilitation can improve quality of life, independence and function (Kwakkel et al. 2004; Pollock et al. 2007). However, the need for such rehabilitation outweighs the supply (Stroke Association, 2018). 
Therefore, in the UK, an Expert Patients Programme has self-management as a key theme (Department of Health, 2009), demonstrating a need for interventions to promote self-management for individuals post stroke (Lennon et al. 2013).
5.2.2 ADHD
ADHD is a highly comorbid (Biederman et al. 1991) neurodevelopmental disorder, defined by three core symptoms; inattention, impulsivity and hyperactivity (NICE, 2018). ADHD related difficulties include low academic attainment, which can persist into adulthood, poor executive functioning, poor social relationships and problematic social interactions (Harpin, 2005; Powell et al. 2016; Verkuijl et al. 2015). Adolescents with ADHD are more likely to be suspended or expelled from school, spend less time in education due to truancy and leave school earlier than their peers (McGee et al. 1991). It has also been reported that CAYP with ADHD experience lower quality of life levels than matched controls (Peasgood et al. 2016). In adulthood, they are more likely to engage in criminality and substance abuse (Biederman et al. 1996). CAYP’s knowledge of their ADHD isn’t always accurate (Barkley et al. 2002) (publication 3). For example, evidence suggests that behavioural interventions can benefit CAYP with ADHD. For example, a meta-analysis of blinded RCTs found that such interventions can decrease comorbid conduct problems in CAYP with ADHD (Daley et al. 2014).
Currently, there are insufficient resources for clinicians to provide a desired level of psychoeducation for CAYP with ADHD. However, the use of technology to help CAYP manage their ADHD can provide support 24 hours a day, seven days a week. Guidelines recommend psychoeducation for parent/carer and CAYP with ADHD as a first step to treatment (Taylor et al. 2004) although evidence suggests targeting the parents may not be sufficient to improve the child’s behaviour (Daley et al. 2014). Focusing on educating CAYP themselves could benefit them in the long term. If CAYP are not actively involved in the management of their condition, they may not have the ability to self-manage as they transition into adulthood affecting the individual, society, the healthcare system and prison services (Beecham, 2014).  Therefore, there is a need to support CAYP self-manage their ADHD. 
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People with long-term conditions spend <1% of their time interacting with a clinician leaving 99% of their lives self-managing (Eaton et al. 2015). Self-management is defined as “all the actions taken by people to recognise, treat and manage their own health… independently or in partnership with the healthcare system” (NHS England, 2019c). 

 The challenges they face are variable depending on their condition, its severity, as well as their personal and environmental circumstances. It is clear from the stroke and ADHD examples above, that there is a need for further self-management support. There are a number of theoretical approaches that can underpin how LTN self-management interventions are provided and the way in which the user’s behaviour may need to adapt to use the intervention. Examples of the following theories are outlined below:
· Biopsychosocial Model (Engel, 1980)
· Behaviour Change Wheel (Michie et al. 2011)
· Self-Efficacy (Bandura, 1986)
· Chronic Care Model (Wagner et al. 1996)
The Biopsychosocial Model
The Biopsychosocial model represents an important step in medicine whereby more than only biological factors are accounted for when treating a patient (Inerney, 2002). This model is based on the belief that in order to treat a patient, clinicians must attend to biological, psychological and social dimensions of their illness (Engel, 1980). This is because behaviours, thoughts and feelings could affect one’s physical state (Inerney, 2002). If one were to take a biopsychosocial approach to the treatment of a condition the approach would be patient centered (see Table 3 for application to thesis publications). That is, the approach would vary based on the individual’s personal and environmental circumstances as well as their physiological symptoms (Lhussier et al. 2015). An example of implementing the biopsychosocial model may involve asking the patient if their behaviours have changed. If the patient is increasing risk-taking behaviours (a psychological factor) such as smoking, this could affect their health. Social factors could involve loneliness, lack of exercise and unemployment. All of these things could affect ones health despite not being biological influences.

Table 3. Describes how, on reflection, the Biopsychosocial Model relates to all publications presented in this thesis.

	Publication
	Biopsychosocial model application

	1, 2, 3 and 5
	Interventions should consider the individual circumstances (e.g. is the family supportive of their LTN self-management) and context when they are provided a self-management intervention for their condition as well as physiological symptoms e.g. pain, weakness, stiffness, and fatigue (stroke survivors) and impulsivity, hyperactivity and inattentiveness (CAYP with ADHD).

	4
	Key stakeholders should think about whether an intervention helps to address physiological, social and psychological factors for the user when assessing the quality of healthcare apps.

	6
	Individual context was accounted for when adopting the realist evaluation methodology to produce the guidelines (psychological). The guidelines also advise that an intervention should help educate CAYP with ADHD about their condition to help them understand which behaviours are symptoms of their ADHD (physiological).


The Behaviour Change Wheel
The Behaviour Change Wheel (BCW) contains three layers based on 19 behaviour change frameworks identified in systematic review literature. In the centre of the wheel (the “hub”), outlines the COM-B model, which states in order to change a behaviour, interactions need to occur between the capability (C), the opportunity (O) and their motivation (M) to change their behaviour (Michie et al. 2011). The COM-B model acknowledges that behaviour is part of an interrelating structure involving the C, O and M components, without which, the behaviour may revert to how it was previously (Michie et al. 2011). Around the “hub” are nine factors (“intervention functions”) that relate to each COM-B model component. Lastly, the outer layer presents seven “policy” categories that could support the delivery of the intervention functions.  Figure 2 outlines the BCW and Table 4 outlines how the BCW relates to the publications presented in this thesis.

Figure 2. Outlining the Behaviour Change Wheel (Michie et al. 2011).
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Table 4. Describing how, on reflection, the BCW relates to the six publications included in this thesis.

	Publication
	BCW COM-B model relevance

	1
	C: Stroke survivors will need to be capable to operate the intervention (e.g. no small switches if they have upper limb/dexterity deficits resulting from their stroke).
O: The intervention must be available to them, they must understand how to use it (education), and incentives may be available (i.e. improvements in function post stroke).
M: They must be motivated to use the intervention i.e. they may receive visual positive rewarding feedback (shown to be effective in self-management interventions for stroke survivors in the past (Parker et al. 2014), or witness somebody else successfully use the intervention to motivate them to follow by example (modeling). 

	2, 3 and 5
	C: The intervention must be age appropriate and user friendly.
O: The intervention must be available to use (i.e. compatible with android and apple devices), they must understand how to use it (education), and incentives may be available (i.e. instant reward from the intervention or others, managing ADHD symptoms and understanding what this entails).
M: The user must be motivated to use the intervention e.g. for CAYP with ADHD, instant positive reward must be given to the user (e.g. in the form of coins of points), the user may witness somebody else (of a similar age also with ADHD) successfully use the intervention, which may motivate them to follow by example (modeling).

	4
	Key stakeholders should consider the COM-B model and the relevant intervention functions when assessing healthcare apps and when assessing the quality of healthcare apps.

	6
	C: The intervention must be designed to ensure the target population is capable of using it by taking into account varying personal contexts (e.g. CAYP with ADHD are often developmentally behind their peers and can have comorbid with learning difficulties). It must also be ensured that the physical environment is appropriate for the intervention to ensure the best outcomes for the user (environmental restructuring).
O: The intervention must be accessible to the target audience. Too much information must also not be presented to the user at once as CAYP with ADHD may struggle to process too much information at once. The user must also be educated with regards to the potential benefits of the intervention (education).
M: The intervention must be designed with motivation in mind. That is instant positive reward is essential for CAYP with ADHD, bright colours, and preferably optional audio material must be available. Training may also be provided to ensure the user is able to use/access the intervention.


Self-Efficacy
Self-efficacy refers to “people’s beliefs about their capabilities to produce designated levels of performance that exercise influence over events that affect their lives…self-efficacy beliefs determine how people feel, think, motivate themselves and behave” (Bandura and Wessels, 1994). Self-efficacy has been described as a psychological aspect that can effect behaviour change. Banduras theory of self-efficacy (Bandura, 1986) explains it by outlining four components explained below (see Table 5 for application to thesis publications);
· Mastery experiences: The individual needs to gain confidence when they achieve or accomplish a task. They can do this by persevering to overcome an obstacle to master a task, which could build confidence and resilience;
· Modelling: To increase self-efficacy, an individual will need to observe a similar individual, or role model, putting effort in to accomplish a task similar to what they wish to accomplish. This could raise their belief that they have the capability to master that activity;
· Interpreting physiological signs: The individual will require the ability and confidence to interpret symptoms and symptom changes. This also refers to if one becomes depressed or anxious as a result of their condition and or circumstances. Identifying emotional changes can also be helpful as they can influence how one may judge their self-efficacy. Conversely positive emotional states can increase one’s confidence in their skills and abilities;
· Feedback and persuasion: Feedback, often in the form of reward and or encouragement from influential people (e.g. friends and family), is required so the individual understands their behaviour is appropriate and strengthens their belief that they have the capability to succeed. 

Table 5. Describes how, on reflection, the components of self-efficacy relate to the six publications included in this thesis.
	Publication
	Mastery experiences
	Modeling
	Interpreting physiological signs
	Feedback and persuasion

	1
	If the individual gains confidence using their self-management intervention, they are more likely to continue with usage and therefore continue the self-management of their stroke.
	If the stroke survivor witnesses another stroke survivor using said intervention and they observe improvements in their stroke rehabilitation, they are too more likely to engage with the intervention.
	Is the stroke survivor can understand symptoms of their stroke such as, pain, weakness, stiffness, and fatigue, they will be able to act on them as part of their self-management.
	Feedback from the intervention is useful as computers don’t lie so the user may trust the feedback (Parker et al. 2014), feedback from others e.g. family members may encourage the user to engage with the intervention.

	2, 3 and 5
	Instant positive reward must be given by the intervention to increase the user’s confidence whilst using the app. 
	If the user observes another CAYP with ADHD (publications 2 and 5) or another parent (publication 3) using the app, they are more likely to engage with it.
	If the CAYP with ADHD can interpret their ADHD symptoms and if parents can identify their child’s ADHD symptoms, they can act to self-manage them accordingly.
	Feedback could be in the form of instant positive reward on the app for CAYP with ADHD or be in the form of encouragement from others (e.g. parents and family members).

	4
	Key stakeholders should consider the all components of self-efficacy when assessing the quality of healthcare apps.

	6
	The user is more likely to be confident using the intervention if they gain support from others and instant positive reward from the intervention.
	If the user understands that other CAYP with ADHD successfully uses the intervention they are more likely to engage wit it themselves.
	The user should be educated about their ADHD so they are able identify behaviours and symptoms that require self-management.
	Instant positive reward should be incorporated into any technological self-management intervention for CAYP with ADHD.


The Chronic Care Model
The three theories described above underpin the behaviour change. The next theory (The Chronic Care Model; CCM) (Wagner et al. 1996) underpins the intervention itself, rather than individual behaviour change. The CCM recognises vital features of a health care system required to provide high quality care of individuals living with chronic conditions. A fundamental principle underlying the CCM is that patients should take an active role in their care that they receive from people who are experts in their field. The CCM is based on the belief that if patients are healthier, healthcare providers are more likely to be satisfied which can lead to cost savings in the long term (Improving chronic illness care, 2019).

The CCM identifies six points (Bodenheimer et al. 2002; Improving chronic illness care, 2019) that can be applied to technological self-management interventions for people with LTN’s (see Table 6 for application to thesis publications). These are:
· The health system: Self-management interventions need to adhere to quality standards to ensure safe quality of care, 
· Delivery system design: an intervention should ideally cater for diverse cultural and linguistic needs of users;
· Decision support: Interventions and treatment support should be based on evidence and what the target population want and need to increase acceptability of the intervention; 
· Clinical information systems: This component refers to the need for timely patient reminders, the facilitation of individual care planning, sharing information with patients to improve their care and monitoring their performance (This may only be relevant to some, not all, LTN self-management interventions);
· Self-management support: the individual should have support available, including from the community, to help them self-manage their condition; 
· The community: resources should be available in the community to improve access to such interventions e.g. community support groups. This could be part of the individuals LTN self-management strategy.



Table 6. Outlines how the CCM model relates to the six included publications. 

	Pub*
	The health system
	Delivery system design
	Decision support
	Clinical information systems
	Self-management
	The Community

	1, 2, 3 and 5
	The intervention must adhere to quality standards and be underpinned by a trustworthy resource to ensure intervention robustness.
	Interventions should cater for users from different linguistic and cultural backgrounds. It may also provide audio options for the visually impaired.
	Intervention must be evidence based and should be designed alongside key stakeholders to ensure it accounts for their needs.
	The user could monitor their performance (SM of their LTN) using the intervention.
	User and technical support must be available. Close friends and family should provide support. The latter is emphasised in publication 3.
	Access to the intervention may be possible within the community.

	4
	Key stakeholders should consider the relevant components of the CCM when assessing the quality of healthcare apps.

	6
	When developing an intervention, designers should consider where the information is coming from, what makes it trustworthy and how this will be communicated to the user and their family.
	Interventions should cater for users from different linguistic and cultural backgrounds. It may also provide audio options for the visually impaired, and visual interventions for the hearing impaired.
	Intervention should be co-designed with key stakeholders to ensure it is based on their needs and to increase intervention acceptability.
	The user could monitor their performance (SM of their LTN) using the intervention.
	User and technical support must be available. Close friends and family should provide support (latter reported in publication 6).
	Intervention access could be promoted within services (e.g. ADHD clinics) or the community (e.g. parent support groups).


Pub* = Publication
[bookmark: _Toc412365427][bookmark: _Toc421363326][bookmark: _Toc41993950][bookmark: _Toc42173000]5.4 Acceptance of technology in LTN self-management
It is clear that there is evidence for self-management interventions for people with LTN’s as they spend <1% of their time with a clinician (Eaton et al. 2015). With around 40% of the population having an Internet connection today compared to less than 1% in 1995 there has been a huge growth in the integration of technology into millions of lives (Internet Live Stats. 2016) (publications 4 and 5). As a result of this, technology has been harnessed to create self-management interventions (publications 1-5) for people with LTN’s because people’s capability and the opportunity (BCW) to use technology is increasing.

For example, available technologies for CAYP with ADHD include Internet based cognitive training based on neuroplasticity theory (Mishra et al. 2013), computer based working memory (Ruiz-Manrique et al. 2014; Van der Oord et al. 2014; van Dongen‐Boomsma et al. 2014) and cognitive training (Dovis et al. 2015; Klingberg et al. 2006) (see publication 5). Technologies for stroke rehabilitation includes accelerometers to improve daily waking (Mansfield et al. 2015) and cycling with Functional Electrical Stimulation (FES) (Bauer et al. 2015) (see publication 1). Technologies for Multiple Sclerosis include apps to measure fatigue (Gamueda et al. 2017), remote delivery of a self-management and education course (Ehde et al. 2015), remote delivery of self-management programmes (Khan et al. 2008; Miller et al. 2011). Technologies to help individuals self-manage their cerebral palsy include a computer game to improve arm function (Preston et al. 2016), virtual reality training to improve functional mobility (Levac et al. 2018), Wii fit to improve balance (Ramstrand and Lygnegård, 2012) and a PlayStation2 game to increase physical activity (Sandlund et al. 2011). Technologies to help individuals living with Autism Spectrum Disorder self-manage their condition focus more on increasing independence and social skills and include videos modeling (Allen et al. 2010) and video prompting (Bereznak et al. 2012; Cannella-Malone et al. 2011) to increase independence, face training software (Faja et al. 2007) and computer based programmes to improve social skills (Hopkins et al. 2011). Smartphone apps are used to self-manage and monitor epilepsy. For example, they are used for managing their lives around their seizures (Pandher and Bhullar, 2016), to educate individuals about their epilepsy, seizure frequency monitoring in response to medication, track symptoms and to receive peer support (Escoffery et al. 2018) and to self-reporting epilepsy symptoms (Bidwell et al. 2018). In Parkinson’s Disease, accelerometers are to measure falls and skin conductance sensors to measure non-motor symptoms and progression (Espay et al. 2016). Lastly, touchscreen games are used for people living with Alzheimer’s disease as stimulating recreational activities (Joddrell et al. 2016) and virtual reality is used for cognitive training (Chapoulie et al. 2014).

The availability of technology to self-manage LTNs such as those highlighted above doesn’t always mean that it is effective. In order for a technology to be effective, it firstly needs to be accepted by the user (Davis, 1989). The Technology Acceptance Model (TAM) aims to explain what factors influence technology acceptance and they are Perceived Usefulness (PU) and Perceived Ease of Use (PEU) (Davis, 1989). PU refers to “the degree to which a person believes that using a particular system would enhance his or her job performance.” (Davis, 1989). PEU is defined as “the degree to which a person believes that using a particular system would be free from effort.” (Davis, 1989). An extension of the TAM (TAM2) states “social influence processes” (what the individual believes to be the norm) and “cognitive instrumental processes (relevance to job, output quality, how results are demonstrated and PEU) significantly influence the acceptance of the intervention by the user (Venkatesh and Davis, 2000).

The TAM and TAM2 are widely accepted models of technology user acceptance as they account for the psychological interaction of the user with the technology (Hismanoglu, 2015). If a user thinks a device is useful, they will develop a positive attitude towards it (publication 2).

This section has presented a number of available technologies for the self-management of LTNs and emphasised the importance of psychological factors behind the acceptance of these technologies, which is vital if they are to be adopted successfully. However, the publications included in this thesis have highlighted a lack of robust design and evaluation methods of self-management interventions for stroke survivors and CAYP with ADHD. It is important that these technologies are designed properly in the first instance to increase technology acceptance by the target populations. It is suggested that in order to achieve PU and PEU, co-design methodologies (Sanders and Stappers, 2008) should be adopted when designing complex technological interventions. This will be discussed in more detail in section 5.7.
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This section will focus on the physiological changes of self-managing ADHD and stroke, which involves developing positive neural networks for both conditions. These are important considerations when designing technological interventions for these populations.
5.5.1 Stroke self-management: neuroplasticity
Neuroplasticity is what a stroke survivor is fundamentally trying to achieve when self-managing. Neuroplasticity is defined as the brains capacity to rearrange its structure and function during maturation, learning, environmental challenges and brain damage (Lledo et al. 2006). Seven fundamental components have been identified for successful neuroplasticity for stroke survivors and can be incorporated into a self-management intervention for this population: 1) rehabilitation needs to be long term, 2) intense, 3) feedback must be provided on the users performance, 4) the intervention must be environmentally enriched, 5) tasks should be specific, 6) goal oriented and 7) variable (Kleim and Jones, 2008; Langhorne and Rudd, 2014). As the intense task specific repetition that is required for stroke rehabilitation, is not always possible due to limited healthcare resources, there is a place for technology to facilitate to help an individual self-manage their own stroke rehabilitation in the hours spent away from their clinician. In order to achieve these seven principles, the user must be capable and motivated to use the intervention as well as have the opportunity to engage with it (BCW, COM-B model). The user must also understand their physiological and psychological factors that may affect their recovery and have the confidence (self-efficacy) to act on these factors. They must also have support available (healthcare and friends/family) to help them engage with their self-management (self-efficacy, CCM).
5.5.2 ADHD Self-management: brain development, theory and positive neural networks
This section outlines the brain development, theory and neural networks involved in ADHD. It is possible that the use of technological interventions to support self-management on CAYP with ADHD could provide them with the skills to understand and to manage underlying difficulties relating to their ADHD. However, similar to stroke rehabilitation, changing behaviour results in changes in brain structure and technological interventions for the self-management of ADHD in CAYP can help support a change in behaviour.

Evidence suggests that the structure (Krain and Castellanos, 2006) and development (Shaw et al. 2012) of the ADHD brain is different to the typically developing brain (Krain and Castellanos, 2006). The atypical ADHD brain structure can affect attention, cognitive control, and working memory (Arnsten and Rubia, 2012; Valera et al. 2007). Additionally, prefrontal cortical development is delayed in CAYP with ADHD compared to typically developing CAYP (Shaw et al. 2007; Shaw et al. 2012) and this is most evident in “executive” cortical regions controlling cognitive processes including motor and attention planning (Friedman and Rapoport, 2015). Publication five outlines a number of interventions that focus on improving working memory and other executive functions in CAYP with ADHD.

In light of the delayed neurodevelopment in CAYP with ADHD and the difficulties they experience, the aim of ADHD self-management in CAYP is to promote positive neural networks as their brain develops. Brain imaging studies have shown that the neurotransmitter dopamine is disrupted in CAYP with ADHD (Volkow et al. 2009). This deficit could explain the ADHD core symptoms of inattention (Volkow et al. 2007) and impulsivity (Rosa et al. 2002). This is important as dopamine modulates both motivation and learning (Berke, 2018). This concurs with the Dynamic Developmental Theory of ADHD, which states that CAYP with ADHD have a narrower window between a behaviour and when it should be rewarded (or reinforced) than a typically developing child (Sagvolden et al. 2005). This can explain why CAYP with ADHD are particularly responsive to immediate reward (publication 6) as it stimulates the release of dopamine in the brain, enhancing a positive neural network. Publications two, three and six also concur with this as they all found that CAYP with ADHD would like instant reward when engaging with a technological intervention to self-manage their condition.

Evidence suggests that CAYP with ADHD need to understand their condition in order to self-manage it effectively (publications 5 and 6) and that the earlier CAYP with ADHD self-manage their condition, the less likely they are to fall into crisis when they are older (publication 5). One theory that outlines a difficulty with ADHD self-management in CAYP is that of the Self-Regulation theory. This theory states that the main problem in ADHD is lack of self-control, also known as “self-regulation”. As a result, CAYP with ADHD suffer from poor working memory, poor speech internalisation (due to impulsivity), poor sense of time (prevents adaptation of behaviour in response to real world time demands) and pool goal directed behaviour (difficult to reach long-term goals) (Barkley, 1997). Similarly, the theory of executive dysfunction states that CAYP with ADHD will struggle with executive function (Willcutt et al. 2005). These theories contributed to the underpinning of the development of the guidelines presented in publication six.

In order to engage with interventions that aim to improve deficits in ADHD e.g. working memory, the young person will need to understand their physiological and psychological factors that affect their ADHD. They need to be capable and motivated to engage with the intervention as well as having the opportunity and the confidence (self-efficacy) to engage with it (BCW COM-B model). Additionally, they must have the support available to help them understand how to use the intervention and why (CCM).
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A complex intervention is defined as having several interacting components that act independently or interdependently (Campbell, Murray et al. 2007, Craig and Petticrew 2013).  When designing a complex intervention, it is essential to consider how change will be measured in order to infer if it is effective or not. For example, it is important to measure success during stroke rehabilitation so the individual can see their efforts are working (Duncan Millar et al. 2019; Wade, 2003). The World Health Organisation (WHO) International Classification of Functioning, Disability and Health (ICF) created a framework to measure disability and health for this reason (discussed in publication 1). The ICF breaks rehabilitation down into four categories: 1) body structure and function, 2) signs and symptoms, 3) activity (function) and 4) participation (social integration) (WHO, 2018). The latter two categories were used to measure effectiveness of the interventions in the RCT’s presented in publication one. 
Further, the ICF emphasises the importance of context an intervention is to be developed in and divides it into two categories: personal and environmental. Environmental context refers to the physical environment the intervention is delivered in and the personal context can refer to the specific needs an individual has because of a condition such as stroke or ADHD. The ICF context divide has been used to underpin the guidelines developed in publication six. Figure 3 displays the WHO ICF model.

Figure 3. Summary of the WHO ICF (WHO, 2018).
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In order for a complex technological intervention to be appropriate for its target population, the MRC developed a framework for developing complex interventions. This is essential so that complex interventions can be embedded into healthcare. The steps outlined in the framework outline identification and understanding of relevant theories that can underpin the intervention (publication 6), identifying an appropriate study design, early testing (modeling), exploratory experimental design, robust experimental design (RCT) and long-term implementation and monitoring (MRC, 2000) (see Figure 4).
Figure 4. Outlining the continuum of increasing evidence (MRC, 2000).
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The MRC Framework (MRC, 2000) received criticism for being too rigid. It was argued that more emphasis was needed to be placed on the variable contexts that complex interventions can be delivered in (also recommended in publications 1, 5 and 6 and demonstrated in publication 6) and that the process outlined in Figure 4 was too linear (Craig et al. 2013). As a result, a new refined MRC Framework was developed that emphasised the development, feasibility and evaluation phases of complex intervention development (Craig et al. 2008). Figure 5 outlines the refined Framework.
Figure 5. Outlining the key components of the refined MRC Framework (Craig et al. 2008).
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This thesis has explored relevant theories that could underpin a technological intervention to help people living with LTNs. More specifically, publication six is positioned in the development stages of the refined MRC framework (Craig et al. 2013).  Additionally, the refined MRC framework advocates the use of involving the user when developing a complex intervention (Craig et al. 2013).
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In order to design a complex intervention, stakeholders must be involved in the design process to ensure a robust intervention that is more likely to lead to long-term impact (Greenhalgh et al. 2016). 
Since 2005, the NHS Institute for Innovation and Improvement (NHS III) has used design theory; tools and techniques to develop interventions that aim to help NHS organisations improve their services (Carr et al. 2009). The first version of this attempt was referred to as “Experienced-Based Design” (EBD). However, it was quickly learned that using this approach lacked co-design with potential service users. That is, there was a heavier reliance on more limited approaches that did not involve patients in service improvement. Therefore, this approach was soon changed to “Experience-Based Co-design” (EBCD) (Donetto et al. 2015). EBCD is based on three elements of “good design” (Berkun, 2004) that is; 1) Identifies performance (how well the service or intervention does what it sets out to); 2) Engineering (how safe and reliable it is) and 3) Aesthetics of experience (how it looks and how the user experiences the service/intervention) (Donetto et al. 2015).
Furthermore, EBD is not the only approach that has been described that involves the user as a “subject” in complex intervention, or service, development. For example, the American derived “user-centered design” approach focuses on an “expert perspective” whereby researchers observe or interview passive users who give opinions but are not considered partners in the design process (Sanders and Stappers, 2008).  The user is not considered a partner in the design process when a user-centered design approach is adopted.
Since the 1970’s, a larger emphasis has been placed on the expertise and participation in “informing, ideating and conceptualising activities in the early design phases” (Sanders and Stappers, 2008). Therefore, the Northern European derived participatory approach involves the user as a “partner” in the design process, a concept recommended by publications five and six for complex intervention development. The user-centered design and participatory design approaches have since influenced each other. As a result, concepts of co-creation and co-design have grown (Sanders and Stappers, 2008). Although these terms are often confused and used interchangeably, this thesis will concur with the definitions provided by Sanders and Stappers (2008). That is, the broader term co-creation refers to “any act of creativity… shared by two or more people.” (Sanders and Stappers, 2008, p6). The more specific term co-design refers to “the creativity of designers and people not trained in design working together in the design development process” (Sanders and Stappers, 2008, p6). That is, the intervention is designed for the population in partnership with the population and key stakeholders (Boyd et al. 2010; Robert et al. 2015). This has been described as a “design-like” method that involves using design-based tools by non-designers, which may include trigger films during an EBCD approach (Robert and Macdonald, 2017). It also provides opportunities for learning that can facilitate knowledge mobilisation (making information accessible and usable during collaborations) between stakeholders (Langley et al. 2018).
Therefore, today, participatory design involves various non-designers during the design process (Sanders et al. 2010). Non-designers refer to anybody other than designers who are considered key stakeholders of the intervention (Sanders et al. 2010). They usually comprise of people with varying backgrounds who can provide different perspectives, experience and knowledge (Sanders et al. 2010). Due to the varying backgrounds of users involves in the co-design process, it is important that varying methods of communication are used to engage everybody in the co-design process (Sanders, 2006).
Unlike the original MRC Framework (MRC, 2000), co-design processes can involve the iterative design and development of prototypes of an intervention. Prototypes can engage users during the co-design process as they can make their otherwise invisible ideas visible (Sanders and Stappers, 2008). In line with the TAM/TAM2, if users (and key stakeholders) are involved in the development of a complex intervention, its PU and PEU will be higher, which will mean the intervention is more likely to be accepted by the target population. It may also mean that the intervention is more likely to lead to impact in the long-term (Greenhalgh et al. 2016). Adopting a co-design methodology for the design of complex technological interventions for CAYP with ADHD helped form the conclusions made within publications five and six.
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The previous section described the importance of involving the user in the design of complex interventions. However, there is a bigger picture to be considered when designing these interventions outside of the design process such as the industry partners that may be involved in making the intervention. Due to this together with the increased availability of technology (publications 1, 4 and 5) and the complexities behind the development of technological complex interventions, the National Institute for Health and Care Excellence (NICE) have developed an evidence standards framework for “Digital Health Technologies” (DHTs) (NICE, 2018). The aim of these standards is to “make it easier for innovators and commissioners to understand what good levels of evidence for digital healthcare technologies look like, while meeting the needs of the health and care system, patients and users.” (NICE, 2018). These standards were created in partnership with bodies including Public Health England, MedCity and Digital Health London. The standards divide Digital health interventions (DHIs) into 3 evidence tiers outlined below:
· Tier 1: DHTs with potential system benefits but no direct user benefits.
· Tier 2: DHTs, which help users to understand healthy living and illnesses but are unlikely to have measurable user outcomes.
· Tier 3a: DHTs for preventing and managing disease. These may be used alongside treatment and will likely have measurable user benefits.
· Tier 3b: DHTs with measurable user benefits, including tools used for treatment and diagnosis, as well as those influencing clinical management through active monitoring or calculation. It is possible that DHTs in this tier will qualify as medical devices.
Interventions presented in publications 1-5 and interventions that could be designed using the guidelines developed in publication six could fall under any of the evidence tiers 2, 3a or 3b. In line with publication six, these standards also recommend that tier 3 interventions should be underpinned by relevant behaviour change theories. Additionally, the standards also recommend that relevant user groups are to be involved in the design, development and testing of the DHT. This concurs with the recommendations made by publications five and six that the understanding of relevant theories and the adoption of co-design methods are essential when developing a technological complex intervention for the self-management of LTNs.
Where the NICE DHI Framework provides respectable evidence that concurs with the publications presented in this thesis, it is still different to the guidelines developed in publication six. For example, the guidelines developed in publication six are condition specific, made in partnership with the target population of the intervention and are targeted specifically at self-management complex interventions. The NICE DHI Framework is for DHTs for any condition, are not specifically targeted at the development of self-management interventions and were made in partnership with key stakeholders rather than potential users of the complex interventions they intend to inform the development of. Therefore, both the NICE DHI Framework and the guidelines presented in publication six both identify new and novel knowledge.
The evidence presented in this section further emphasises the importance of robust methodologies when designing a complex technological intervention for individuals self-managing their LTN. In line with the TAM and TAM2, this will increase the overall acceptability of the intervention once it is implemented (publication 2). Once the interventions are implemented, in line with the MRC Framework (Craig et al. 2013) it is important that they are evaluated to assess their effectiveness (evaluation phase of MRC Framework) and monitored properly (implementation phase of MRC Framework).
[bookmark: _Toc412365431][bookmark: _Toc421363332][bookmark: _Toc41993956][bookmark: _Toc42173006]5.10 Evaluating Complex Interventions
Some traditional complex intervention evaluation methods such as RCT’s and quasi-experimental methods aim to answer the question “What works?” (publication 6). It is documented within this thesis that there is a difference between personal and environmental contexts (WHO, 2018) and that they can affect the outcomes that result from the use of a complex technological intervention (publication 6). The “what works?” question addressed by more traditional complex intervention evaluation methods does not address the components of complex interventions themselves or the variable environments they are delivered in (Keller et al. 2009), publication six. This is important as because what works for one group of individuals in one context, may not work for others in different contexts. This is a potential problem when RCTs and quasi-experimental methodologies are used alone to evaluate complex interventions. In other words, an intervention may not be suitable for two different individuals even with the same complex condition therefore methodologies adopting RE principles should be adopted before larger RCTs are considered.

The MRC Framework states that early intervention research should involve identifying what could influence the reliability of the research (Craig et al. 2013). This may involve confounding variables (such as variable personal and environmental contexts), study limitations and aspects that may affect a future larger trial. Therefore, if feasibility and pilot research does not consider factors such as the context the intervention is delivered in and the variability in the population (especially relevant for complex LTNs), the results of a future larger trial and the acceptance of the intervention during the implementation phase could lack reliability and depth (Rycroft-Malone et al. 2010).
In order to mitigate against this problem, MRC guidance provides a framework for conducting and reporting process evaluation studies within trials (Moore et al. 2015). Emphasis is placed on considering underlying theories of an intervention, including the importance of investigating the “mechanisms of impact” to ensure participants’ responses and interactions with a complex intervention are measured (Moore et al. 2015). This concurs with RE principles, which is a methodology that goes beyond the question “what works?” and answers the more specific question that is “what works for whom, under which circumstances and respects?” (Pawson and Tilley, 1997). RE explores how different mechanisms can lead to different outcomes if interventions are experienced in different contexts (Pawson and Tilley, 1997). This is referred to as a CMOC (Context Mechanism Outcome Configuration). RE has been shown as an effective framework for evaluating complex health interventions (Mawson et al. 2016; Parker et al. 2014) and how they work (Craig et al. 2013). Therefore, if complex interventions are intended to be used by complex populations such as individuals living with LTNs, it is important that they are underpinned by theory and that they consider the contexts they are delivered in, before they are evaluated using an RCT design. Part of a condition being complex, is the complex context it is associated with. What RE does, is it challenges existing theories contextually. That is, how do the theories apply to varying complex contexts? Are they still correct in different contexts? Therefore, RE refines theory by testing it in different contexts. Principles of RE methodologies were recommended in publications one and five and uniquely adopted in publication six. 
RE is traditionally adopted after an intervention has been developed in order to assess if the components (“mechanisms”) of the intervention work and if personal and/or environmental contexts influence the outcomes of the intervention. RE methodology was adopted to develop a set of guidelines (rather than evaluate an existing intervention), which to the author’s knowledge, has never been done before. To summarise, Publication six showcases an alternative and innovative use of RE methodology. 
[bookmark: _Toc412365432][bookmark: _Toc421363333][bookmark: _Toc41993957][bookmark: _Toc42173007]5.11 Importance of complex intervention quality assessment
Once a complex intervention is designed and in use, it is still important to assess the quality of it (publication 4). This is especially important given the risks associated with providing misleading information (Boulos et al. 2014). It has been argued that users and key stakeholders should be involved in the quality assessment of complex interventions as they have the experience and expertise that the layperson does not have (publication 4). This concurs with the TAM as involving users and key stakeholders in complex intervention quality assessment can provide the opportunity to evaluate the PU and PEU (Davis, 1989), which are important for technology to be accepted in the long-term. It further concurs with the TAM2, which places an emphasis on the output quality, image and norm (Venkatesh and Davis, 2000). These are all elements that users could comment on during a quality assessment of a technological complex intervention. Involving users as well as stakeholders will also provide a number of viewpoints to add depth to the quality assessment (publication 4). A framework for assessing the quality of healthcare apps does exist (Stoyanov et al. 2015) however this is restricted to apps only and not technological complex interventions generally and does not include the involvement of users or key stakeholders in the quality assessment process (publication 4). Publication four sits within the evaluation stage of MRC Framework. That is, users should be involved in the evaluation of intervention suitability (Craig et al. 2013).
[bookmark: _Toc412365434][bookmark: _Toc421363334][bookmark: _Toc41993958][bookmark: _Toc42173008]Section 6. Discussion
This thesis presents six peer reviewed publications that outline my contribution to the scientific literature around the design, quality assessment and evaluation of complex technological intervention for the self-management of LTNs across the life course.

From these six publications, I argue that complex technological interventions need to be designed appropriately adopting co-design methodologies and methodologies such as RE to ensure the involvement of the user as a partner in the design process and consideration of complex contextual factors, respectively. This is to increase the likelihood that the intervention will lead to impact and be accepted by the users (this is supported by the principles of the TAM and TAM2). I also argue that the quality assessments of these interventions should involve users to ensure the intervention continues to be impactful and accepted by the target population. Lastly, I state that the evaluation of these complex technological interventions is paramount and should account for the individual parts (mechanisms) of the interventions as well as the personal and environmental contexts they are delivered in. I have presented this in relation to the broader context of the literature, the MRC framework, self-management, intervention development and specific theories and relevant design and evaluation methodologies.
[bookmark: _Toc412365435][bookmark: _Toc421363335][bookmark: _Toc41993959][bookmark: _Toc42173009]6.1 Engaging users in the design of complex interventions
It must be noted that although co-design increases the likelihood of intervention success and impact (Greenhalgh et al. 2016; Langley et al. 2018), it does not come without its challenges. For example, there are barriers to public involvement such as resistance, resource limitations (organisational barriers), problematic relationships with stakeholders (organisational barriers) and the perception that the stakeholders have a lack of expertise or burden (personal barriers) (Coulter and Ellins, 2006). It has been suggested that people prefer to have good relationships with health care professionals and only the minority of people would like to be consulted with service and intervention developments (Coulter, 2006). 

Further, “conflict and tension” has been present between patients and healthcare professionals in a co-design setting. This is reported to be due to power dynamics, whereby patients sometimes find it difficult to share views if they received poor care in the past (Robert et al. 2015).  This may be addressed by handing power over to patients in a co-design setting however this has been reported to be unclear how “power” should be renegotiated when patients return to their patient roles rather than co-designers (Thomson et al. 2015).
Therefore, it may be that when designers, researchers and other professionals wish to engage the public in intervention development, where possible, they should ensure they have good relationships with target populations (users/patients and key stakeholders) and services and be clear as to the benefits of their assistance. There is evidence in favour of this approach, which is supported by Weiss’s Taxonomy (Greenhalgh et al, 2016). It may also be beneficial to explain why the patients are considered the experts (e.g. a stroke survivor lives with the condition and will therefore understand daily difficulties better than a researcher who has not suffered a stroke). This approach has worked well in the past when users (CAYP with ADHD) and stakeholders (their parents) have been engaged in research and design activities (Powell et al. 2017a) and has also worked well when recruiting participants’ (publications 2, 3 and 6). See appendix 4 for other examples of where this approach has been applied.
Co-design has also been critisised for lacking scalability, reproducibility and transferability as it involves designing for specific population subset for their very specific needs (Robert and Macdonald 2017). In order to mitigate against scalability, one technique that can be used is that of personas. This is where participants may be asked to imagine they represent all young people with ADHD (for example) so that they are designing for the population rather than just themselves. 
Lessons can also be drawn from the implementation literature to help mitigate against transferability. For example, the Consolidated Framework for Implementation Research (CFIR) describes the idea that a complex intervention has an unadaptable and an adaptable periphery around it where lessons from previous work can help dictate how the periphery is to be adapted in the future for a different population and or context (Damschroder, Aron et al, 2009). For example, the content of a complex intervention could be the transferable “core” and the way in which it is delivered and presented may be the “adaptable periphery”.
It is more challenging to erase the issue of reproducibility as no designer is the same and interpretation between designers may vary due to varying positionality and experiences. It is therefore important to be transparent about this when reporting co-design activities. 
[bookmark: _Toc412365436][bookmark: _Toc421363336][bookmark: _Toc41993960][bookmark: _Toc42173010]6.2 Realist Evaluation: the perfect evaluation methodology?
Work presented in this thesis presents recommendations for the use of RE (publications 1 and 5) and evidence that it can be used pre intervention development (publication 6). Arguments have been made in favour of using RE to inform a future RCT to ensure that the results do not lack reliability and depth (Rycroft-Malone et al. 2010). However, RE methodology is not without its limitations (Salter and Kothari, 2014). It should be acknowledged that the validation of the CMOCs generated from the RE methodology is limited to the participant sample, which could lead to potential bias of results (publication 6). However, if a sampling frame is adhered to, then this limitation can be minimised (publication 6). Further, due to the complexity of RE, there is no standardised way to conduct a study that adheres to RE methodology as demonstrated by systematic review evidence which found variability in the reporting and conduct of RE’s (Salter and Kothari, 2014). Although it should be noted that since the publication of the RAMESES II checklist, conduct of RE is being adopted more frequently and it's reporting is becoming more standardised (Wong et al, 2016). Further, RE has been criticised for being time and resource intensive (Rycroft-Malone et al. 2010), which is not uncommon with other better-established methodologies such as RCTs. Another reported limitation of RE is the inability to use results to predict future outcomes (Wiechula et al. 2009). An example of this is publication six. Where the guidelines presented may require updating in the future, they provide a knowledge base to build on. Lastly, RE has been criticised as there is often a limited amount of prior information and or evidence to support CMOCs (Goicolea et al. 2013; Rycroft-Malone et al. 2010). However, it could be argued that RE generates new, in depth knowledge, which could be useful and could inform future larger RCTs.

 Therefore, both RE and co-design could be used side by side both when developing an intervention and also when conducting pre intervention work such as the work conducted in this PhD. For example, co-design workshops could have been conducted alongside paper 6, and the principles identified in the CMOCs (from the theory and participants in the RE) could be integrated into the co-design workshops to integrate the approaches rather than conduct them as standalone methods.
[bookmark: _Toc412365437][bookmark: _Toc421363337][bookmark: _Toc41993961][bookmark: _Toc42173011]6.3 Limitations of this thesis
This thesis is limited to the information given within the six included publications. However, the thesis does discuss the publications in the context of broader literature, theories and research methodologies, which are limited to the themes relevant to the presented publications.

The results from publications one and five should be generalised with caution due to small sample sizes in the majority of the included RCTs (publication 1: n=11, publication 5: n=14) in the review. Additionally, lack of efficacy within some of the trials presented in these publications should be interpreted with caution due to lack of the methodological quality in these trials. Further, the results from publications one and five were not combined for a meta-analysis due to the variety of included outcome measures, some of which lacked validity as a measure of activity and participation (publication 1). It must also be noted that the long-term effectiveness of technological interventions that aim to help individuals self-manage LTNs is not always assessed and is not the focus of the included publications in this thesis. Therefore, it is often challenging to make inferences around how long any benefits of such interventions may last. Further research should consider this important consideration as LTNs can often involve life-long self-management (recommendation also made in publication 5). 

The claims made in publications two, three and six should also be generalised with caution as due to the qualitative nature of these studies sample sizes remained low (publication 2: n=10, publication 3: n=13, publication 6: n=21). Due to the qualitative nature of these studies, the results were more detailed than if a quantitative methodology was adopted with a larger sample size. Key stakeholders (clinicians and parents of CAYP with ADHD) were also interviewed as part of these publications as well as the users (publications 2 and 6: CAYP with ADHD, publication 3: parents of CAYP with ADHD) however interviewing other stakeholders such as teachers, game designers, app developers (publications 2 and 3) and web developers (publication 6) may have added breadth to the results.Publication six developed a set of guidelines that may become outdated quickly due to the technological nature of the interventions they provide guidance for and will need regularly updating. However, the novelty of the way RE was used in this study may not require updating and could be useful for researchers working on future complex intervention development for any condition and not just for technological interventions. 

[bookmark: _Toc412365438][bookmark: _Toc421363338][bookmark: _Toc41993962][bookmark: _Toc42173012]Section 7. Reflexivity 
During this section, I will reflect on the process of conducting the research for and writing the six included publications, definitions of theories and models, my philosophical standpoint and how this affected the data. I will also reflect on how I came to write this thesis and the implications of it.
[bookmark: _Toc421363339][bookmark: _Toc41993963][bookmark: _Toc42173013]7.1 Theory or model?
This thesis outlines a variety of theories and models. Whilst writing this thesis, I have noticed the terms “theory” and “model” can be used inconsistently in the literature. Table 7 clarifies the definitions of these terms. It is also helpful to understand the terms “phenomenon” and “concept” to understand the meaning of theories and models.
Table 7. Term clarification: Phenomenon, concepts, theories and models.
N.b. Contrary definitions exist. These definitions are based upon McKenna, (2006) who selected definitions with the most support in the literature (McKenna, 2006). 
	Term
	Definition

	Phenomenon
	A fact of a situation that has been observed (McKenna, 2006) e.g. a child with ADHD shaking in the waiting room.

	Concept
	A label used to define a phenomenon or group of phenomena (McKenna, 2006) e.g. child in above example is anxious. A different person may label this phenomenon differently e.g. child is cold.

	Theory
	“A careful and rigorous structuring of ideas that project a tentative, purposeful and systematic view of phenomena” (Chinn and Kramer, 1995). A more specific definition could also be “a set of concepts, definitions and propositions that project a systematic view of phenomena (Chinn and Jacobs, 1987).

	Model
	A model train represents what a real train may look like. Therefore, a model is a “representation of reality” (McFarlane, 1986) or a model “represents a situation in logical terms to show structure of original idea or object” (Rambo, 1984).



The key difference between models and theories is that models provide a more generalised broader view of phenomena whereas theories are more specific and contain “more clearly defined concepts with a narrower focus” (Fawcett, 1995). This has led me to question the labels of “theory” and “model” for certain theories and models discussed in this thesis. For example, despite Engel stating the biopsychosocial model is a model, it has been criticised for not satisfying the model definition, and for being a broad theory at the most (McLaren, 1998). The BCW is a theory of behaviour change and within this theory is the “COM-B model”. As models are defined to be broader than theories, it could be argued that the COM-B model is a component of the BCW theory and not a model in its own right. This has led me to think about the careful and accurate use of these terms and being aware of others using them inconsistently, in the future.
[bookmark: _Toc421363341][bookmark: _Toc41993964][bookmark: _Toc42173014]7.2 Further reflections
For publications two, three and six, I felt I needed to explore the environment, which potential participants (clinicians, and families) experience so I could develop an in-depth understanding of the population and also to assist with recruitment. I did this by observing a number of ADHD clinics with clinicians, which helped provide an insight into how ADHD in CAYP is managed clinically. This was useful when interviewing clinicians as I had an understanding of their role and patient interactions. Additionally, I attended parent groups whereby parents of CAYP with ADHD attended when their child was diagnosed with ADHD. These groups provided the parent with psychoeducation and ways to manage their child’s ADHD and also provided parents the opportunity to share their experiences as a parent of a child with ADHD (and often other comorbidities). This helped me understand the day-to-day difficulties experienced by these families. During clinical and parent group interactions, I adopted an “observer as participant” approach (Wallace, 2005) which enabled me to marginally engage in the situation without being fully immersed. This allowed me to ask questions, observe behaviours and interactions without actively being involved (Wallace, 2005).
During data collection with parents, it was a challenge to make it clear that I am a non-clinical research professional. I found at times there was an assumption that I could advise on ADHD medication and help them differentiate between “bad behaviour” and behaviour resulting from their child’s ADHD. This may be because I met many of the parents at their parent groups where other clinicians were often present. In these situations, I made my role clear and provided advice as to who they could contact to answer these questions (usually their ADHD nurse). I felt this distinction was important for ethical and data credibility reasons. 
Additionally, for publications one and five, a co-author assisted with identifying included articles for the reviews to ensure that the methodology was robust and to mitigate any personal bias.
[bookmark: _Toc412365440][bookmark: _Toc421363342][bookmark: _Toc41993965][bookmark: _Toc42173015]7.3 This thesis
I have worked in health service research since 2011, conducted and published my own research, contributed to new knowledge and achieved a promotion to Research Associate. These experiences led me to decide that I would like to remain in academia eventually building my own team and area of expertise. Therefore, I felt a natural progression would be to gain a PhD. The PhD by publication route was decided upon due to my publications and experience in health service research. It has provided me with the opportunity to reflect on my other publications, and reflect how in combination, they could inform future research.
There is a limited number of PhD by publications as it was a new option at the University of Sheffield in 2012. Therefore, there was a lack of clear guidance of what information should be included in the thesis. I was fortunate enough to be introduced to a colleague who undertook this process in 2012 who shared their thesis with me, which I could refer to. I quickly learned our research was very different, so I had to adapt her template to suit my own work.
Writing the thesis was challenging mainly because I wanted to ensure I was clear as to how the publications shared the same themes to form a theoretical and methodological story. I wanted to ensure the reader understood my recommendations and where they came from. This involved revisiting studies I conducted a number of years ago and combining them with more recent work. Since publication one, I feel I have learned a huge amount about co-design methods, what they mean as well as theorising, RE methodology and writing for publication. I believe this thesis draws on what I have learned over the past seven years and I have thoroughly enjoyed the process.
[bookmark: _Toc412365441][bookmark: _Toc421363343][bookmark: _Toc41993966][bookmark: _Toc42173016]Section 8. Dissemination and Impact of Included Publications
Impact is “the demonstrable contribution that excellent research makes to society and the economy. This occurs in many ways – through creating and sharing new knowledge and innovation…” (UK Research and Innovation, 2019). The impact (and dissemination) of the six included publications are described below.
[bookmark: _Toc421363344][bookmark: _Toc41993967][bookmark: _Toc42173017]8.1.1 Publication one: JMIR, IF (impact factor): 4.7
[bookmark: _Toc412365442]This publication has been presented to CLAHRC YH colleagues and used as a systematic review example for one of my Masters of Public Health dissertation students and for a number of colleagues who have requested my support when conducting their own systematic reviews. This publication provided me with the opportunity to widen my skills as a researcher that I have since found invaluable. It is also currently being used to underpin a number of funding applications. During the development of publication one, I developed a tool on Microsoft Excel to help myself with the systematic search and article selection process. Internal and external colleagues conducting systematic reviews are now using this tool. Lastly, this publication has also been cited by teams including those from across the UK (Wortley, An et al. 2017, Lin, Papi et al. 2019, Martinez-Hernandez and Dehghani-Sanij 2019), America (Dobkin and Dorsch 2017, Dobkin and Martinez 2018, Lin, Finklestein et al. 2018), New Zealand (Penno and Gauld 2017), China (Li, Liu et al. 2018) and Canada (John and Fallavollita 2020).
[bookmark: _Toc421363345][bookmark: _Toc41993968][bookmark: _Toc42173018]8.1.2 Publications two and three, Journal of mHealth and uHealth, IF: 4.5
[bookmark: _Toc412365443]A Research Derived Actionable Tool (RDAT) is something that is informed by research findings, that intends to change thinking, promote decision-making or instigate an action around an issue (Hampshaw et al. 2018). The results of these publications were used to develop an RDAT to help parents of CAYP with ADHD choose wisely when looking for an app for themselves or for their child (Powell et al. 2017c). The RDAT was provided to NHS clinicians and a Sheffield based charity that supports parents of CAYP with ADHD for distribution to their patients/clients. 

I presented poster presentations at the Royal College of Psychiatry International Congress 2017, Edinburgh (publication 2) and 2018, Birmingham (publication 3). 
These publications have been used as discussion pieces about reporting qualitative data during Masters of European Public Health sessions I have delivered.
[bookmark: _Toc421363346][bookmark: _Toc41993969][bookmark: _Toc42173019]8.1.3 Publication four, AAATE, IF not reported.
I presented this at the AAATE conference in 2017 where example 1 (of publication 2) was focused on and discussed at length in relation to the involvement of key stakeholders in the quality assessment of healthcare apps.
[bookmark: _Toc412365444][bookmark: _Toc421363347][bookmark: _Toc41993970][bookmark: _Toc42173020]8.1.4 Publication five, European Child and Adolescent Psychiatry, IF: 3.5
I presented a poster displaying this work at the Royal College of Psychiatry International Congress 2018, Birmingham. It has also underpinned a new project that hopes to develop a website for young people with ADHD. This new project has gained £2000 funding to conduct co-design workshops to initiate the website development. This publication has also been cited by a number of researchers across the world including those form America (Churchill et al. 2018), Brazil (Fatori and Polanczyk, 2019), Italy (Somma, Rega et al.) and China (Fang and Dai Han 2019).
[bookmark: _Toc412365445][bookmark: _Toc421363348][bookmark: _Toc41993971][bookmark: _Toc42173021]8.1.5 Publication six, JMIR, IF: 4.7
[bookmark: _Toc412365446]Results have been disseminated to participants in an age appropriate manner to study participants, which involved activities and paper-based games for the CAYP. Feedback from the CAYP and parents has been positive and is something I will adopt for future study results dissemination for this population. It is also intended that the guidelines developed in this publication will be used to develop a minimal viable product (MVP) of the website proposed for CAYP with ADHD that was underpinned by publication five. 
[bookmark: _Toc421363349][bookmark: _Toc41993972][bookmark: _Toc42173022]8.2 Implications for Practice and Research
The RDAT derived from publications two and three as well as the results presented in these publications could be used by companies who develop apps for parents and CAYP with ADHD to ensure their apps are underpinned by research and knowledge and opinions of key stakeholders. This is something I am currently taking forwards for a project separately to the work presented in this thesis.

Clinicians and charities working with families with ADHD should also consider using guidelines such as the RDAT I developed when recommending apps to parents and or CAYP with ADHD.

Publications one and five highlighted the significance of research outcome measures and display a method to assess outcome measure quality. For example, aggregating ordinal data can skew results and using non-validated measures can produce questionable results. This important for systematic reviews as it complements the traditional overall quality assessment of included studies and can unpick rationales behind study findings. Therefore, researchers should consider conducting a quality assessment of outcome measures in the future. 

 Additionally, publications one and five highlighted the lack of consideration of context within the studies presented. Both publications recommended that future research should consider a RE approach for the assessment of complex interventions in the future. This would lead to answering the question “what works for whom under what circumstances and respects?” (Pawson and Tilley, 1997) rather than only “what works?”

Publication five highlighted the lack of co-design approaches within the included studies and recommended this approach for the future complex intervention development to increase their likelihood of success. Following data analysis, this publication also advised the research community to consider psychoeducation for CAYP with ADHD. 

Publication four’s message was entirely about the importance of assessing the quality of healthcare apps and the inclusion of key stakeholders in this process. This is intended to encourage the research community to consider this in the future. 

Publication six provides the research and design communities with information that could influence their future practice. It encourages the research community to adopt a co-design approach for the design of complex interventions and a RE approach for the development and evaluation of complex interventions. The RE methodology was used in an innovative way as it was used to develop a set of guidelines that could also be used by complex intervention designers in the future (rather than evaluate an existing intervention). The publication encourages the research community to also adopt this methodology.
[bookmark: _Toc41993973][bookmark: _Toc42173023][bookmark: _Toc412365433][bookmark: _Toc421363350][bookmark: _Toc412365447]Section 9. Conclusion 
[bookmark: _Toc41993974][bookmark: _Toc42173024]9.1 Unique contribution of this body of work
In summary, papers one to five led to the unique contribution of the work demonstrated in paper six. Through my work, I have identified a problem that is common across many walks of life. That is, that there is lots of available technology to help support people with LTNs and that technology is often unsuitable. One reason for this could be the lack of robust design methods such as co-design. My contribution to the field is that I have used RE with ADHD for the first time showing it is possible, the list of recommendations resulting from this are unique as is the use of RE pre intervention. This approach is also supported by existing literature (Bonell, Fletcher et al. 2012, O'Cathain, Croot et al. 2019), as this unique approach still ensures the intervention is theoretically underpinned and that end users and stakeholders are involved from the offset of intervention development, which is reported to help reduce avoidable research waste (Bleijenberg, Janneke et al. 2018) and increase research efficiency. Appendix 4 presents work within this PhD and other related work that was conducted and disseminated alongside the work within this PhD. It also outlines the intended audiences for these disseminations. It is important that this work is shared with academics from a methodological perspective, clinicians so that they are aware of available interventions and their flaws as well as the participants of the included research so that they are aware of their contributions.
[bookmark: _Toc41993975][bookmark: _Toc42173025]9.2 Future recommendations 
Future recommendations resulting from the work undertaken within this PhD are outlined below:
· To include end users and stakeholders at every stage of complex intervention development, including when discovering and defining the problem;
· To maintain transparency in reporting, always distinguish between end users and stakeholders and to define who stakeholders are;
· To always consider both broad and condition specific existing theory to support complex intervention development;
· To consider both the personal and environmental contexts before developing an intervention;
· To use iterative methods in the development of a complex intervention;
· To disseminate findings to all of the participants and stakeholders;
· To boundary span: talk to people outside of your field of work to gain a wider perspective;
· Talk to people. Always develop relationships with new and existing end users and stakeholders.	
[bookmark: _Toc41993976][bookmark: _Toc42173026]9.3 Future work 
The next steps in this programme of research will involve the following:
· The development of a psychoeducational tool for CAYP with ADHD adopting all of the above recommendations. Funding has been gained to adopt co-design methodologies to achieve this;
· A systematic review and meta-analysis of existing RCT evidence for the effect psychoeducation behavioural interventions can have on the social skills of CAYP with ADHD;
· Funding has also been gained for co-design activities to discover and define the “problem” for information provision and healthcare services for CAYP with neurofibromatosis type 1, adopting the above recommendations;
I will use the skills, experience and expertise gained during this PhD to work with other conditions, alongside a team of designers, other academic individuals, education and healthcare professionals. The psychoeducation and development of complex interventions for CAYP living with long term conditions is the area I intend to continue to explore.
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This is a list of other work that was undertaken to disseminate the work related to this PhD. In line with Weiss’ Taxonomy, positive working relationships were developed between myself as the researcher and these audiences, which helped to facilitate the research presented in this PhD.

	Reference
	Intended audience

	Other related publications

	Powell, L., Wheeler, G., Parker, J. (2020) The co-design of a psychoeducational tool for children and young people with ADHD. Design4Health. (In Press)
	Design community

	Peer reviewed presentations

	Powell, L., Harpin, V., Mawson S. (2018) The co-design of a psychosocial intervention for 8-11 years olds with Attention Deficit Hyperactivity Disorder: ADHD Hub. Oral presentation at the Design4Health International Conference 2018, Sheffield.
	Design community

	Powell, L., Parker, J., Mawson, S., Harpin, V. (2017) Utilising Lego® Serious Play® to engage children and young people with ADHD and their parents. Oral presentation at Design4Health conference, December 2017.
	Design community

	Powell, L. Joddrell, P., Parker, J. (2017) Involving users in the evaluation of apps for specific health conditions. Full paper and oral presentation at AAATE conference, September 2017.
	Research and industry communities (international audience)

	Invited presentation

	Easton, K., Powell., L. (July, 2019) Technology and Mental Health. Oral presentation at The Regional Grand round.
	Clinicians in Sheffield

	Peer reviewed posters

	Powell, L., Parker, J., Harpin, V. (2018) ADHD: is there an app for that? A suitability assessment of apps for parents of children and young people with ADHD. Poster presentation at the Royal College of Psychiatrists International Congress 2018, Birmingham.
	Clinicians and researchers (international audience)

	Powell, L., Parker, J., Harpin, V. (2018) What is the level of evidence for the use of currently available technologies in facilitating the self-management of difficulties associated with ADHD in children and young people? A systematic review. Poster presentation at the Royal College of Psychiatrists International Congress 2018, Birmingham.
	Clinicians and researchers (international audience)

	Powell, L., Parker, J., Robertson, N., Harpin, V. (2017) ADHD: is there an app for that? A suitability assessment of apps for children and young people with ADHD. Poster presentation at the Royal College of Psychiatrists International Congress 2017, Edinburgh.
	Clinicians and researchers (international audience)

	Other Dissemination activities

	Powell, L., Wheeler, G., Parker, J. (2020) The co-design of a psychoeducational tool for children and young people with ADHD
	End users and stakeholders: Age appropriate results disseminated to clinicians, parents and CAYP with ADHD and other stakeholders including charities and education professionals.

	Powell, L., Parker, J., Harpin, V., Mawson S. (2019) Guideline development for technological interventions for children and young people to self-manage attention deficit hyperactivity disorder: Realist Evaluation 
	End users and stakeholders: Age appropriate results disseminated to clinicians, parents and CAYP with ADHD and other stakeholders including charities and education professionals.

	Powell, L., Parker, J., Harpin, V. (2018) ADHD: is there an app for that? A suitability assessment of apps for parents of children and young people with ADHD.
	End users and stakeholders: Age appropriate results disseminated to clinicians, parents and CAYP with ADHD.

	Powell, L., Parker, J., Robertson, N., Harpin, V. (2017) ADHD: is there an app for that? A suitability assessment of apps for children and young people with ADHD.
	End users and stakeholders: Age appropriate results disseminated to clinicians, parents and CAYP with ADHD.

	Powell, L., Parker, J., Mawson, S., Harpin, V. (2017) Utilising Lego® Serious Play® to engage children and young people with ADHD and their parents.
	End users and stakeholders: Age appropriate results disseminated to clinicians, parents and CAYP with ADHD.

	Powell, L., Parker, J., Harpin, V. (2017). University of Sheffield researchers used Lego to involve children with ADHD and their parents in research! NIHR INVOLVE
	Research community

	Powell, L., Harpin, V., Mawson S. (2018) The co-design of a psychosocial intervention for CAYP aged 8-11 years with Attention Deficit Hyperactivity Disorder: ADHD Hub – Age appropriate results disseminated to clinicians, parents and CAYP with ADHD. Soutghampton: NIHR INVOLVE. https://www.invo.org.uk/posttypenewsletter/nihr-ppi-newsletter-autumn-2017/
	Research community

	Powell, L., Parker, J., Robertson, N., Harpin, V. (2017). ADHD: Is there an app for that? CLAHRC YH E-Repository: NIHR. Available: https://www.e-repository.clahrc-yh.nihr.ac.uk/adhd-is-there-an-app-for-that/
This refers to the Research Derived Actionable Tool (RDAT) referred to within the thesis.
	Research community and industry.

Also: Clinicians, charities and stakeholders as this document was disseminated separately to these audiences.



Paper 1: “What is the effectiveness of lower-limb wearable technology for improving activity and participation in adult stroke survivors?” 


Papers 2 and 3: “Are the top 10 listed mobile applications (apps) specifically designed and marketed for CAYP with ADHD (publication two) parents of CAYP with ADHD (publication three) suitable, and what are the key components for apps to be suitable for this population?” 


Paper 4: “What examples are there of how app suitability can be ascertained?” 


Paper 5: “What is the level of evidence of current technology that aims to self-manage difficulties associated with ADHD in children and young people?” 


Paper 6: “How can RE methodology be utilised for the development of theory and evidence-based guidelines that aim to help develop a complex technological intervention for CAYP with ADHD?” 


Little evidence for co-design


Mostly unsuitable. 


Two examples presented:


Low quality evidence with small sample sizes


RE methodology can be used pre intervention to consider personal and enviornmental context during intervention development. This can involve stakeholders and end users.


Little evidence of accounting for personal or environmental context during intervention development


Not effective for 8/11 included RCTs.


Little evidence showing that context or end users or stakeholders have been involved in app development


Paper 2 from this PhD


An example of people living with Dementia being involved in app suitability assessment


Little evidence of co-design


Little evidence of acknowledging personal or enviornentak context when developing interventions
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technological interventions that were not for independent use
[68-71], two reported on participants who did not have a pri-
mary diagnosis of ADHD [72, 73] and two of the studies did
not report including participants who had an official clinical
diagnosis of ADHD [74, 75]. One of these papers reported
participants who had a parent-reported ADHD diagnosis
[75]. Papers included in this review all report on partici-
pants who have obtained a formal ADHD diagnosis. This
is crucial to ensure that comparisons can be made across
studies. Parent-reported diagnoses may not be as reliable
as clinically reported diagnoses and therefore do not enable
comparisons to be made and therefore the results from such
studies should be interpreted with caution.

The interventions used in ten [34, 51-57, 61, 62] of the
fourteen included studies identified statistically signifi-
cant results for some, not all, primary outcome measures
included in this review. Statistically significant improve-
ments included improved ADHD symptoms [54, 56, 57,
61]. social skills [34], executive functioning [51, 52, 54,
55, 57] and educational outcomes [62]. Statistical signifi-
cance was not observed for the quality of life [55] or self-
efficacy [34] measures which interestingly, only featured in
two of the included RCTs [34, 55]. Although a trend towards
improved symptoms [58, 61] and executive functioning [63]
was observed in three of the included studies [58, 61, 63],
no formal statistical analysis was undertaken and the sam-
ple sizes were small ranging from one to eight participants.
Therefore, these findings should be interpreted with caution.

As described fully in the quality assessment, one of the
eight included RCTs were considered to be at overall high
risk of bias [34], two were considered as having an unclear
rick of bias [53, 57] and five were considered as having a
low risk of bias [51, 52, 54, 55, 56]. This does not mean
that interventions were not successful in improving ADHD-
related difficulties. A number of conclusions could be drawn
from this including the difficulty of blinding participants to
an intervention as it is often impossible to conceal which
arm participants are randomised to. It is also difficult to stop
a potentially impulsive and hyperactive population to with-
hold their randomization allocation to an outcome meas-
ure assessor. Overall, the included non-RCTs obtained low
scores on the Downs and Black scale. Out of a maximum
score of 32, two studies scored eleven [59, 60], three scored
nine [61-63] and one obtained a score of six [58]. A num-
ber of conclusions could be drawn from this including low
sample sizes and the non-RCT nature of the studies (thus
obtaining low scores on items that assess whether or not
participants and research staff are blinded).

Of the fourteen included studies in this review, five [34,
52, 53,56, 57] aggregated data with ordinal scales, four used
no formal statistical analysis [58-60, 63] and two carried out
statistical analysis when their sample sizes only consisted of
two participants each [61, 62]. Clinimetric properties were

4 Springer

not described for any of the primary outcome measures of
this review. The lack of statistical significance across a num-
ber of outcome measures in this review could be a result of
lack of statistical power due to small sample sizes and the
inability to ascertain a clinically meaningful result.

The results from this systematic review should be gener-
alised to a wider population of children and YP with ADHD
with caution due to the low recruitment figures for five of
included studies where n ranged from one to twelve [58-62]
and only two of the included RCTs had a sample size of
more than one hundred [34, 53]. Observations of the lack
statistical significance should also be interpreted with cau-
tion, given the level of evidence provided and the methodo-
logical quality of the existing evidence base.

This review included a small number of papers including
1040 participants overall with 170 being from one study
alone [34]. Six of the selected studies recruited fewer than
20 participants [51, 58, 61-63]. This could be for a number
of reasons. It may have been difficult to engage with and
recruit YP with ADHD to a research study, although this has
not been our personal experience.

Additionally, ADHD severity and the presence of comor-
bidity can affect the level of impairment experienced by the
individual, which can affect the way in which they respond
to interventions. The included studies did not report the
severity of the ADHD in their participants. However, one
study [52] reported that their participants were participants
were diagnosed with hyperkinetic disorder according to
the International Statistical Classification of Diseases and
Related Health Problems 10 (ICD-10) [76]. This diagnosis
would have been based on narrower criteria than the DSV-IV
as in the ICD-10 ADHD is diagnosed based on a minimum
number of symptoms in all three dimensions (inattention,
impulsivity and hyperactivity) [76] whereas the DSM-IV
requires a minimum number of symptoms in one dimen-
sion [77]. This means that it is difficult to inter a significant
improvement of ADHD-related difficulties.

There are a number of reasons evaluating a complex
intervention with this population could remain challenging.
For example, no ADHD diagnosis is the same. ADHD is a
highly comorbid condition with a large number of potential-
related difficulties. The extent to which each individual is
impaired by their ADHD symptoms and related difficulties
are also highly variable. In this review, four studies excluded
participants who had specific comorbid diagnosis [51-53,
55]: one study excluded participants with autism spectrum
disorder and conduct disorder [55], one study excluded par-
ticipants diagnosed with pervasive developmental disorders,
Tourette’s disorder and those who show evidence of bipo-
lar disorder and conduct disorder [52]. One study excluded
those diagnosed with pervasive developmental disorder [51]
and another study excluded those with any “clinically sig-
nificant comorbid condition” [53]. These findings should
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be interpreted with caution as at least 65% of children and
YP diagnosed with ADHD have a comorbid condition [1]
therefore these participant groups are not representative of
the wider ADHD population. These factors coupled with
evaluating an intervention make it very difficult to ascer-
tain a clinically significant improvement in this population
following the use of an investigative intervention. It also
means that it is difficult to control each arm of an RCT
study design. It has therefore been suggested [78] that the
integration of realist evaluation within an RCT design may
be more appropriate for evidence-based medicine whereby
“statistically significant benefits may be marginal in clinical
practice” [79].

The results of the included studies were not combined for
a meta-analysis due to the variety of the types and quality of
data collected for the primary outcome measures. It would
also be difficult to compare primary outcomes across the
included studies accurately as there was a wide variety of
measures assessing ADHD-related difficulties used, many
of which lacked validity as a measure of ADHD-related dif-
ficulties in children and YP.

Despite the wide variety of outcome measures included
in this review, none of them assessed ADHD knowledge and
understanding. To self-manage ADHD, the Chronic Illness
Model [80] states that psychoeducation with a collaborative
care model enhances health outcomes [64]. Similarly, the
Health Belief Model states that people are more likely to
seek treatment if they have knowledge and understanding of
their condition [81, 82]. It is important that ADHD psych-
oeducation delivery is conveyed to the individual and their
parents in a culturally appropriate manner, via a reputable
website and written and updated by reputable experts [64].
It has been suggested that psychoeducaiton for parents and
the YP with ADHD is the first step to treatment [23]. A sys-
tematic review has emphasised the value of psychoeducation
for children and YP with ADHD can lead to an expert under-
standing of their condition and lead them to making more
positive individual choices [20]. Public Heath England [19]
and the Mental Health Taskforce’s Five Year Forward View
for Mental Health [22] states that early intervention avoids
YP falling into crisis and expensive and longer-term inter-
ventions into adulthood. Therefore, it is vital that ADHD
psychoeducation begins as early as possible following an
ADHD diagnosis so that the YP can learn to accept and
self-manage their condition in preparation for transition into
adulthood.

Transition periods are particularly challenging for
somebody diagnosed with ADHD and they present fre-
quently throughout the course of a young person’s life. For
example YP move to secondary education, undertake regu-
lar exams, have to navigate through puberty, sometimes
move house and many transfer adult ADHD services. The
latter is particularly challenging due to the nature of child

and adult ADHD services being very different and provid-
ing support in very different ways. Child services provide
more in person support and may involve more frequent
appointments than adult services. Therefore, a smooth
transition between services is vital for a YP with ADHD
to minimise disruption [83]. Despite this evidence, none
of the included studies provided psychoeducation as part
of their interventions.

Future research should focus on the development and co-
collaboration of an evidence-based intervention that may
focus on psychoeducation for this population. Due to the
majority of the included interventions in this review taking
the form of computer games, perhaps an ADHD technologi-
cal intervention with a psychoeducation focus should take
a different form such as a website. Evidence suggests that
to engage with this population, technological interventions
should be interactive [84, 85]. Research in this area should
also consider larger sample sizes and ADHD severity and
the presence of comorbid conditions should be reported for
participants and accounted for during analysis.

Outcome measures for all interventions for ADHD need
to be carefully planned. They should include core symp-
toms but it is likely that these are not the realistic targets
of this type of intervention and goal-orientated outcomes
agreed with YP and families may be more relevant. Func-
tional and quality of life outcomes need longer follow-up
but in a chronic disorder have far more significance. Finally,
advancements in technology and improvements of the suit-
ability of interventions specifically designed for independ-
ent use to facilitate self-management could involve a psy-
choeducational component. Such technologies should be
co-designed with stakeholders including children and YP
with ADHD adopting a user-centred design methodology to
ensure the technology is suitable for this population.
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Appendices 27.  exp Child Behaviour Disorders/or exp Attention Deficit
Disorder with Hyperactivity/or inattentive.mp. (43637)

Appendix 1: Medline search strategy 28. inattentivS.tw. (2071)
29. exp Child Behaviour Disorders/or exp Attention Defi-

Database: Ovid MEDLINE(R) Epub Ahead of Print, In-Pro-
cess & Other Non-Indexed Citations, Ovid MEDLINE(R)
Daily and Ovid MEDLINE(R) <1946 to Present>.

Search Strategy:

1.1 (Attention Deficit and Disruptive Behaviour Disor-
ders).mp. [mp = title, abstract, original title, name of
substance word, subject heading word, keyword head-
ing word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier,
synonyms] (2794)

2. 2 Attention Deficit.mp. and Disruptive Behaviour Dis-
orders.tw. [mp = title, abstract, original title, name of
substance word, subject heading word, keyword head-
ing word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier,
synonyms] (458)

3. 3 Attention deficit hyperactivity disorder.mp. or exp
Attention Deficit Disorder with Hyperactivity/(30903)

4. 4 Attention deficit hyperactivity disorder.tw. (19871)

5. 5 exp Attention Deficit Disorder with Hyperactivity/or
ADHD.mp. (30310)

6. 6 ADHD.tw. (19992)

7. ADDH.mp. or exp Attention Deficit Disorder with
Hyperactivity/(24810)

8. ADDH.tw. (116)

9. ADHS.mp. (613)

10. ADHS.tw. (480)

11. exp Attention Deficit Disorder with Hyperactivity/or
exp Hyperkinesis/or hkd.mp. (28643)

12, hkd.tw. (127)

13.  exp “Attention Deficit and Disruptive Behaviour Dis-
orders™/or Attention$.mp. or exp Attention Deficit Dis-
order with Hyperactivity/(376528)

14.  AttentionS$.tw. (331436)

15.  behav$.mp. (1423228)

16. behav$.tw. (1039159)

17. dysfunc$.mp. (398233)

18.  dysfunc$.tw. (355413)

19. exp Conduct Disorder/or exp Attention Deficit Disor-
der with Hyperactivity/or disorder$.mp. (1738736)

20. disorder$.tw. (923795)

21. disrupt$.mp. (242609)

22, disrupt$.tw. (236939)

23. defian$.mp. (2455)

24. defian$.tw. (2416)

25. impulsiv$.mp. (18368)

26. impulsivS$.tw. (16423)

4 Springer

30.
31
32.
33.

35.
36.
37.

38.
39.

40.
41.

42.
43.
44.
45.
46.
47.
48.
49.

50.
51.
52.
53.

54.
55.
56.
57.
58.
59.
60.

62.
63.

64.

cit Disorder with Hyperactivity/or inattention$.mp.
(45482)

inattention$.tw. (4321)

hyperkinesis.mp. or exp Hyperkinesis/(4586)
hyperkinS.tw. (4500)

dysfunct$.mp. (398217)

dysfunct$.tw. (355398)

damage$.mp. (524409)

damage$.tw. (495785)

hyperactiv$.mp. or exp Attention Deficit Disorder with
Hyperactivity/(57437)

hyperactiv$.tw. (48767)

exp “Disruptive, Impulse Control, and Conduct Disor-
ders”/or exp Conduct Disorder/or conduct.mp. (67635)
conduct.tw. (59088)
lor2or3ord4or5or6or7or8or9orl0orllor
120r 13 or 14 or15or 16 or 17 or 18 or 19 or 20 or 21
or22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or
31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40
(4116307)

limit 41 to (english language and humans) (2415834)
Child$.mp. (2191440)

Child$.tw. (1200130)

boy$.mp. (135421)

boy$.tw. (135106)

girl$.mp. (130008)

girl$.tw. (129971)

exp Adolescent/or exp Young Adult/or young person.
mp. (2105981)

young person.tw. (839)

YP.mp. (961)

YP.tw. (961)

exp Adolescent/or exp Young Adult/or young people.
mp. (2113601)

young people.tw. (21467)

exp Adolescent/or adolescen$.mp. (1892494)
adolescen$.tw. (226356)

teen$.mp. or exp Adolescent/(1840488)

teen$.tw. (26444)

youthS$.mp. or exp Adolescent/(1855352)

youth$.tw. (57447)

43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or
52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60
(3468618)

limit 61 to (english language and humans) (2625897)
exp Educational Technology/or Technology.mp. or exp
Technology/(604158)

Technology.tw. (237611)
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65. Assistive technology.mp. or exp Self-Help Devices/
(10593)

66. Assistive technology.tw. (1210)

67.  Self-help device$.mp. or exp Self-Help Devices/(9985)

68.  Self-help device$.tw. (62)

69. exp Video Games/or game$.mp. (49816)

70.  game$.tw. (45755)

71.  exp Internet/or website$.mp. or exp Software/(196415)

72. website$.tw. (18842)

73. exp Internet/or exp Software/or download$.mp.
(189332)

74. download$.tw. (9567)

75. exp Social Media/or exp Internet/or forum$.mp.
(76225)

76.  forum$.tw. (12505)

77. email$.mp. (5188)

78. email.tw. (4099)

79. mobile app$.mp. or exp Mobile Applications/(3202)

80. mobile app$.tw. (1452)

81. 63 0r64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72
or73or74 or75 or 76 or 77 or 78 or 79 or 80 (843422)

82.  limit 81 to (english language and humans) (436105)

83. condition manag$.mp. (299)

84. condition manag$.tw. (296)

85. exp Self Care/or manag$.mp. (1264334)

86. manag$.tw. (1082943)

87. self-manag$.mp. or exp Self Care/(56314)

88. self-manag$.tw. (13985)

89. support.mp. or exp Social Support/(8752243)

90. support.tw. (807612)

91. exp Social Support/or support network$.mp. (63451)

92. [limit 93 to (english language and humans)] (0)

93. [limit 95 to last 5 years] (0)

Appendix 2: References and reasons for exclusion

References Reason for exclusion

Barnett et al. [86]
Benyakorn et al. [87]
Bishop [88]
Bonarini et al[89]
Bul etal. [90]

Participants are teachers
Not interventional
Intervention not technology
Population focus not ADHD

Outcome measures do not
ADHD-related difficulties

Not interventional

Chan et al. [91]
Chen et al. [92]
Christiansen et al. [93]
Dale and Grut [94]
Duffy [95]

Encbrink et al. [96]

Not interventional

Intervention reliant on others
Not exclusively for ADHD

Population focus not ADHD
Population focus not ADHD

References

Epstein et al. [97]

Fiellin et al. [98]

Zapirain [100]
Gray etal. [72]

Halperin et al. [101]
ttet al. [102]
Kim etal. [103]
Lim etal. [104]

Janes

Mazurek and Engelhardt [105]

Myers et al. [106]
Nie etal. [107]

Pandria et al. [108]
Rohani et al. [109]

Rosch and Mostofsky [110]
Schafer etal. [111]

Schuck etal. [112]

Shah etal. 2012
Silva et al. [113]

Steeger et al. 2016

Stephenson [114]
Tseetal. [115]

Vander et al. [116]

Wallace et al. [117]
Wehmeier et al. [118]

Wehmeier et al. [119]

Weinstein and Weizman [120]

Wionska et al. [121]

Wionska et al. [122]

Reason for exclusion

Intervention reliant on health care
professionals

Population focus not ADHD

Population focus not ADHD

Participants typically developing,
not ADHD

ADHD not primary diagnosis of
participants

Intervention not technology

Intervention not technology

Intervention not technology

Intervention reliant on health care
professionals

Not interventional

Participants ADHD diagnosis not
confirmed

Intervention not technology

Not interventional

Participants ADHD diagnosis not
confirmed

Not interventional

Participants not received ADHD
diagnosis

Participants not received ADHD
diagnosis

Not interventional

Technology as outcome measure,
not intervention

Participants ADHD diagnosis not
confirmed

Population focus not ADHD

Intervention reliant on health care
professionals

Intervention reliant on health care
professionals

Not interventional

Intervention reliant on health care
professionals

Intervention reliant on health care
professionals

Review

Participants typically developing.
not ADHD

Participants not received ADHD
diagnosis

Appendix 3: Details of Cochrane Risk of Bias quality
assessment for included RCTs

Across the included RCTs three reported that the randomi-
sation sequence was computer generated [34, 56, 57] and
one reported minimization randomization [55]. These four
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i protocol
experimental | reported, but
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Lowrisk- | reporiedas | blindingof | blindingof | withthe outcomes
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Lowrisk- no
protocol
reported, but
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gender,but | by apersonnot | Lowrisk - | Lowrisk | reporedas | outcomes
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Van Dongen- randomisation. | patient mpleblind | assessors | up. Amalysis | results
Boomsma, 2014 [51] | was conducted | recruitment RCT blinded by ITT presented
Lowrisk-
5738 (<20%)
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group and
3034(<20%)
in control
groupwere
rporicdas | Low risk - o
losto follow | protocol
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Undlear -
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blinded st of protocol
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Klingberg, 2005 [54] | generated. reported double blind__| double blind presented
Low risk- o
protocol
Unclear  drop | reported, but
outratenot | both primary
Unclear [ reported, | and sccondary
Unclear - oucome | methodof | outcomes
Sequence Unclear Unclear — assessor analysis for assessed and
gencrationnot | methodnot | binding not | blindingnot | missimg data | results
Johnstone, 2012 [53] | reported reported reported reported. not reported presented
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RCT’s were therefore judged as low risk of selection bias.
Four of the RCTs randomization sequence was reported as
unclear risk of bias due to lack of reporting of randomiza-
tion sequence generation [51-54]. Five RCTs reported that
treatment allocation was concealed [34, 51, 52, 55, 56] and
were therefore judged at low risk of bias for this domain.
Three RCTs were judged as unclear risk [53, 54, 57]. One
RCT reported that blinding of participants and personnel
could be broken [34] and two reported that blinding of par-
ticipants and personnel was not possible due to the nature of
the studies [52, 56]. These two RCTs were judged as having
a high risk of bias for this domain. Two RCTs [53, 57] did
not report on participant and personnel blinding and were
judged as having an unclear risk of bias. Two RCTs were
reported as double blind [54, 55] and one as triple blind
(van boom) and were therefore judged as low risk for this
domain. One RCT reported that blinding of the outcome
assessor could be broken [34] and one RCT [52] reported
that their outcome assessors were not blinded. These two
RCTs were judged as having a high risk of bias. Two RCTs
[53, 57] did not report on binding of their outcome assessor
and were therefore judged as having an unclear risk of bias.
Four of the included RCTs assured their outcome assessor
was blinded and where therefore judged as having a low
risk of bias for this domain. Two RCTs [34, 54] had a drop
out rate of more than 20% and one RCT [54] did not include
missing data in the final analysis. These two RCTs were
therefore judged as having a high risk of bias for the incom-
plete outcome data domain. One RCT [53] was judged as
unclear for this domain as their drop out rate and analysis
method of missing data was not reported. The five remaining
RCTs [51, 52, 55-57] were judged as having a low risk of
bias for this domain as they all had less than a 20% drop out
rate, and two of these conducted an ITT analysis [51, 55].
All eight of the included RCTs were judged as having a low
risk of bias for the selective reporting domain. One of these
reported a study protocol [55] and the remaining seven did
not report a study protocol but did report on all of primary
and secondary outcome measures [34, 51-54, 56, 57].

Appendix 4: Details of quality assessment
for non-RCT studies

Three of the six included non-RCT studies presented clear
aims and objectives [59, 60, 62]. All six studies described
their outcome measures and their participants appropriately
[58-63]. Four studies clearly described the intervention
[59-61, 63]. None of the studies described confounding

variables. Five studies clearly described their findings
[59-63] and one study partially described their findings
[58]. Accounting for participant loss to follow-up was not
applicable to all six studies as participants did not drop out
of these studies [58-63]. Four of the studies did not report
probability values as no formal statistical analysis were per-
formed [58—60, 63]. The statistical tests that were used in
two of the studies [61, 62] were judged as inappropriate due
to low sample sizes of two participants recruited to each of
the studies [61, 62]. Overall, scores were low for external
validity. None of the studies approached or recruited people
who were representative of their target population (ref all),
three of the studies involved individuals who are representa-
tive of the treatment the population would usually receive
59, 60, 63] and this was unclear to determine in three of
the studies [58, 61, 62]. Overall, scores for internal validity
were also low. No studies blinded participants or those who
collected data, perhaps due to their non-RCT study designs.
One study did not involve a follow-up data collection period
58], four studies had appropriate follow-up periods [59, 60,
62, 63], and one study did not have an appropriate amount
of time between initial data collection and follow-up to
determine an effect of their intervention [61]. Compliance
with the intervention was reliable in four of the six studies
58-61] and unclear to determine in two of the studies [62,
63]. Two of the six studies used validated outcome measures
58, 63] and the other four studies did not [59-62]. Overall,
the studies obtained low scores for the selection bias items
of this scale. Two of the selected studies [59, 60] recruited
all of their participants from the same population. This was
unclear to determine in two of the studies [61, 62], inapplica-
ble to one case study [58] and not the case for one study [63].
All studies recruited their study participants over the same
period of time [58-63]. None of these studies used rand-
omization for group allocation where applicable, as they are
not RCTs and did not report adjusting any analyses for any
confounding variables [58-63]. Due to low sample sizes, all
six of the included non-RCT studies have been judged to not
have sufficient power to detect a clinically important effect.

Appendix 5: Summary of outcome measurement
quality assessment
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Authors, year, country, study
design

Measures of ADHD-related dif-
ficulties

Outcome measures where
psychometric properties
assess

Outcome measures
where psychometric
properties not assessed

Analysis method appropriate

Bul, 2016, The Netherlands,
RCT Crossover [Bul, 2016
#3776]

Van der Oord, 2014, The
Netherlands, 2 arm RCT
[van der Oord, 2014 #1330]

Dovis, 2015, The Netherlands,
4 arm double blind RCT
[Dovis, 2015 #6591]

Bamford, 2016, USA, Single
subject design (ABAB)
[Bamford, 2016 #8050]

Pinna, 2015, USA, Case series
[Pinna, 2015 #8049]

Ruiz-Manrique, 2016, Spain,
Case stud [Ruiz-Manrique,
2014 #3048]

Weerdemeester, 2016, The
Netherlands, Feasibility
RCT [Weerdmeester, 2016
#8046]

Shih, 2014, Taiwan, Before
and after case series [Shih,
2014 #969]

Lin, 2016, Taiwan, Single case
ABA design [62]

Rijo, 2015, Portugal, Before
and after case series [63]

Van Dongen-Boomsma,
2014, The Netherlands,
randomised placebo control
trial [51]

Egeland, 2013, Norway, RCT
521

Klingberg, 2005, Sweden,
double blind RCT [52]

Johnstone, 2012, Australia,
randomised waitlist control
1531

TMQ—parent and teacher com-
pletion, subscale Plan/Organise
and working memory of BRIEF,
Subscale of cooperation, respon-
sibiity, assertiveness, self control
and total SRRS of SRRS, IATQ,
SRRS teacher version, self
efficacy questionnaire

All eight subscales of BRIEF,
DBDRS

Improvement index during train-
ing, Stop task Stroop, CBTT,
WISC-IIL, TMT of D-KFES,
Raven, DBDRS, BRIEF,
SPRSQ-C, PedsQL, HSQ

Guided reading packet, multiple
choice

Total time to complete reading,
calculating time for distractions,
time calculation

Conners parent Scale (brief ver-
sion), Connors teacher rating
scale, BSSQ, Conners CPT

AVL, Go/no-go task, MABC-
2NL

Action detector and duration of
arbitrary standing

‘Three subtests in Mandarin Lit-
eracy Assessment

CPT I, WISC 11

ADHD-RS, BRIEF, Adapted
digit span from WISC-IIL Knox
Cubes LDT, Sentences WPPSI-
RN, Shortened Ravens Progres-
sive Matrices, Day night stroop
task, Sustained attention dots
task version 02 k, Shape school

ADHD-RS, SDQ, BRIEF meta-
cognition index,

WAIS-RNT, digit span from
WISC-IIL, Stroop interference,
Ravens coloured progressive
matrices, Connors (parent and
teacher versions)

WASI SAST, counting span task

BRIEF, SRRS

BRIEF

Stop task, Stroop, CBTT,
WISC-III, BRIEF,
SPRSQ-C, PedsQL

Conners parent and teacher
scales, Conners CPT

AVL, MABC-2-NL

CPTII, WISC 11

ADHD-RS, BRIEF, WISC
111, stroop task, Knox
cubes LDT, WPPSI-RN

ADHD-RS, SDQ, BRIEF

WISC III, Connors, WAIS-
RNI, Stroop interference

SAST, WASI

TMQ, IATQ

DBDRS

Improvement index
during training,
D-KFES, Raven,
DBDRS, HSQ

Guided reading packet,
multiple choice

Total time to complete
reading, calculating
time for distractions,
time caleulation

BSSQ

Golno-go task

Action detector and
duration of arbitrary
standing

Three subtests in
Mandarin Literacy
Assessment

Shortened Ravens
progressive matrices,
sustained attention
dots task version
02 k, shape school

Ravens progressive
colour matricies

Counting span task

Aggregated data used with
ordinal scales

Aggregated data used with
ordinal scales (BRIEF,
DBDRS)

Yes

No formal statistical analysis
presented, small sample
size (n=4)

No formal stats presented,
small sample size (n =9)

No formal stats presented,
small sample size (n = 1),
Conners CPT scores not
presented

Aggregated data used with
ordinal scale for AVL

No. Statistical significance
should be interpreted with
caution due to low sample
size (n=2)

No. Statistical significance
should be interpreted with
caution due to low sample
size (n=2)

No formal stats presented,
small sample sizes of
(n=4andn=12)

Yes

Aggregated data used with
ordinal scale for SDQ

Yes

Aggregated data used with
ordinal scales
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Abstract

Background: Attention deficit hyperactivity disorder (ADHD) is a complex neurodevelopmental disorder characterized by
inattention, hyperactivity, and impulsivity. ADHD can affect the individual, the individual’s family, and the community. ADHD
is managed using pharmacological and nonpharmacological treatments, which principally involves others helping children and
young people (CAYP) manage their ADHD rather than learning self-management strategies themselves. Over recent years,
technological developments have meant that technology has been hamessed to create interventions to facilitate the self-management
of ADHD in CAYP. Despite a clear potential to improve the effectiveness and personalization of interventions, there are currently
no guidelines based on existing evidence or theories to underpin the development of technologies that aim to help CAYP
self-manage their ADHD.

Objective: The aim of this study was to create evidence-based guidelines with key stakeholders who will provide recommendations
for the future development of technological interventions, which aim to specifically facilitate the self-management of ADHD.

Methods: A realist evaluation (RE) approach was adopted over 5 phases. Phase 1 involved identifying propositions (or hypotheses)
outlining what could work for such an intervention. Phase 2 involved the identification of existing middle-range theories of
behavior change to underpin the propositions. Phase 3 involved the identification and development of context mechanism outcome
configurations (CMOCs), which essentially state which elements of the intervention could be affected by which contexts and
what the outcome of these could be. Phase 4 involved the validation and refinement of the propositions from phase 1 via interviews
with key stakeholders (CAYP with ADHD, their parents and specialist clinicians). Phase 5 involved using information gathered
during phases 1 to 4 to develop the guidelines.

Results: A total of 6 specialist clinicians, 8 parents, and 7 CAYP were recruited to this study. Overall, 7 key themes were
identified: (1) positive rewarding feedback, (2) downloadable gaming resources, (3) personalizable and adaptable components,
(4) psychoeducation component, (5) integration of self-management strategies, (6) goal setting, and (7) context (environmental
and personal). The identified mechanisms interacted with the variable contexts in which a complex technological intervention of
this nature could be delivered.

Conclusions: Complex intervention development for complex populations such as CAYP with ADHD should adopt methods
such as RE, to account for the context it is delivered in, and co-design, which involves developing the intervention in partnership
with key stakeholders to increase the likelihood that the intervention will succeed. The development of the guidelines outlined
in this paper could be used for the future development of technologies that aim to facilitate self-management in CAYP with
ADHD.

(J Med Internet Res 2019;21(4):e12831) doi:10.2196/12831
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Introduction

Attention Deficit Hyperactivity Disorder, Prevalence,
and Management

Attention deficit hyperactivity disorder (ADHD) is a highly
comorbid [1] neurodevelopmental disorder, defined by 3 core
symptoms: inattention, hyperactivity, and impulsivity. It has a
worldwide prevalence of 3% to 5% in school-age children [2]
and children and young people (CAYP) are most likely to be
diagnosed with ADHD in the United Kingdom when they are
at primary school [3]. This amounts to approximately 26 million
children and adolescents, and this figure is rising globally [4].
Over the last 30 years, the number of people treated for ADHD
in the United Kingdom has risen from 0.5 per 1000 to 30 per
1000 [3], and the annual health care costs for young people with
ADHD in the United Kingdom are estimated at £670 million.
CAYP with ADHD experience a number of ADHD-related
difficulties including poor academic attainment, poor social
relationships, increased likelihood of being suspended or
expelled from school, and leaving school earlier than their peers
[5]. In addition, genetic and contextual circumstances can also
have an impact on the prevalence of the condition. ADHD is
highly heritable [6], and those who are more socially
disadvantaged are more likely to be diagnosed with ADHD
[7.8]. Moreover, ADHD often continues to affect individuals
into adult life [1,9].

ADHD management includes a combination of behavioral and
pharmacological interventions [1]. There is strong evidence that
pharmacological ~ treatment  and  nonpharmacological
interventions such as psychoeducation programs, behavioral
interventions, and cognitive behavioral therapy have a major
beneficial effect on the core symptoms of ADHD in
approximately 80% of cases, at least in the short term [1,10].
ADHD can affect every aspect of an individual’s life, and
support from professionals and family members is limited. There
is some evidence of short-term efficacy in managing the core
ADHD symptoms, conduct disorders, social skills, self-efficacy,
and emotional outcomes. However, CAYP often rely on
clinicians and parents to manage the condition of members of
the target population, and young people are often unwilling to
engage in treatment [11], which limits ADHD self-management
into adulthood [12]. Therefore, to attempt the prevention of the
individuals falling into crisis when they reach adulthood, it is
essential that the members of target population should learn
how to self-manage their condition through co-designed
interventions [13,14]. This includes exploring contemporary,
innovative, and interactive methods of engaging CAYP with
ADHD, such as the use of technology may improve their
motivation and adherence to treatment. However,
methodological limitations make it difficult to draw definitive
conclusions from clinical trials [15].
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Self-Management in Children and Young People With
Attention Deficit Hyperactivity Disorder and Behavior
Change Theories

People with long-term conditions (including ADHD) spend
around 1% of their time interacting with a clinician, leaving
99% of their lives managing their condition themselves [16].
However, to self-manage a condition, behavior change is
required. A number of theories have attempted to breakdown
aspects of behavior that require change. For example, the
Chronic Care Model (CCM) [17] identifies 6 elements [ 18] that
are important factors for successful chronic care and prevention
management that have previously been applied to the care of
CAYP with ADHD [19,20]. These include and are not limited
to the following:

L. The promotion of safe quality care; any self-management
intervention for CAYP with ADHD will need to adhere to
quality standards to ensure the content is reliable and
appropriate.

Support should be based on evidence and what the patient’s

needs and preferences are; if the intervention does not

adhere to what the patient wants or needs, the patient may
be less likely to engage with it.

3. Self-management support should be provided to help
patients manage their health and care; CAYP with ADHD
should self-manage their condition to decrease the
likelihood of them falling into crisis later in life.

4. Community resources should be available to improve
access; resources should be available to facilitate and
support the self-management of ADHD in CAYP.

Similarly, the Behavior Change Wheel (BCW) [21] provides a
framework specifically for behavior change interventions and
involves the Capability Opportunity Motivation-Behavior
(COM-B) model, which refers to the interactions among
“Capability,” “Opportunity,” “Motivation,” and “Behavior.”
Capability refers to the psychological and physical ability to
engage with an activity, opportunity refers to factors outside of
the individual to ensure behavior change is possible, and
motivation refers to brain processes that “energize and direct
behavior.” The COM-B model provides a useful framework of
elements that influence behavior change and can indeed be
applied to self-management. For example, to self-manage a
condition, the individuals’ behavior will need to change. To do
this, they should be motivated and have the capability to change
their behavior and be in the correct environment for the change
to occur.

Furthermore, the Health Foundation states that people with
long-term conditions need to have the knowledge, skills, and
confidence to manage their condition “effectively in the context
of...everyday life” [22]. These underlying principles of
self-management and the principles from the CCM and the
BCW are important for all long-term condition self-management,
including ADHD in CAYP.
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Technology Interventions for Attention Deficit
Hyperactivity Disorder Self-Management in Children
and Young People

Technology has been shown to have a large potential to improve
the effectiveness and personalization of mental health
interventions [15]. A number of attempts have been made to
harness the technology to engage CAYP in self-managing their
ADHD [23-41]. Examples include a handheld organizational
device [37], computer games [2527,34,39,41], programs
[29,30,40], an augmented reality serious game [23], mobile apps
to improve reading speed [33], executive functioning [35], and
healthy sleep habits [38].

The results of these interventions have found an increased ability
to remain on task at school [32], improved organizational skills
[37], ADHD symptoms, and sleep [38]. It must also be noted
that although a number of these studies have found positive
results, itis unclear if these effects are maintained over a longer
time period [24,31,33-36].

However, not all of these studies show positive or significant
results. ADHD is a highly complex comorbid condition and it
is therefore difficult to control for contextual differences using
randomized controlled trial (RCT) methodologies. It is also
possible that the uptake of each intervention among participants
may vary [15]. Others may use the interventions in different
contexts to one another with variable distractions [42,43].

Evaluating Complex Conditions

It is now understood that the steps taken for increasing evidence
in complex conditions is no longer linear, and the updated
Medical Research Council (MRC) Framework (2008) [44]
places greater attention to the context in which interventions
take place.

Figure 1 shows the outlining the Medical Research Council
model of complex intervention development [44].

A total of 3 key components for the development of these
complex interventions are outlined below:

L. Interventions should be clearly underpinned by existing
theories. Theories that are based on existing knowledge can
offer a clear way to underpin a rationale, which can assist
with communication with stakeholders [45,46].
Interventions should be developed in partnership with key
stakeholders [46-48].
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3. Intervention developers should account for the context by
which the intervention is developed by identifying what
works for whom and under what circumstances. This means
the intervention is more likely to be a success [42,43,49].

Other evaluation study designs such as RCTs and
quasi-experimental studies only answer the question “What
works?” and do no capture the complexity of complex conditions
and interventions or the characteristics of the context in which
the intervention is delivered [50]. This is important as the
context, content, and outcomes of a complex intervention can
involve a high degree of variance [50]. Therefore, if
technological interventions are designed to be used with complex
conditions such as ADHD in various contexts, it is imperative
they are underpinned by theory and consider the contexts in
which the intervention will be delivered [44]. A previous attempt
to develop a complex intervention went beyond the question
“What works?” and this involved a realist review that explored
the question “what works for whom, under which circumstances
and respects” [51]. However, to our knowledge, a realist
evaluation (RE) has never been used to develop guidelines for
the development of interventions .

Therefore, this study aimed to utilize an RE methodology [52]
and involve key stakeholders (CAYP with ADHD, their parents
and or carers, and specialist clinicians) in the development of
theory- and evidence-based guidelines. The guidelines developed
may help the future development of technological interventions
that aim to help primary school-aged CAYP with ADHD
self-manage their condition more effectively. Primary
school-aged CAYP have been chosen as this is the most
common age to be diagnosed with ADHD in the United
Kingdom. RE aims to go beyond the “what works™ question
and answer the question “what works for whom, under which
circumstances and respects.” RE also takes into account the
complexities of the condition, the intervention, and the context
by whichit is delivered [52]. The use of underpinning behavior
change middle-range theories (MRTs; see Table 1 for definition)
will improve the generalizabiliy of the guidelines to more than
1 context. There is a need for these guidelines as existing
frameworks are useful in terms of generalization to many
conditions whereas CAYP with ADHD have complex needs
that need addressing separately to ensure future interventions
are suitable for them.
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Figure 1. Outlining the Medical Rescarch Council model of complex intervention development.

Feasibility and piloting

Testing procedures

Estimating recruitment and retention
Determining sample size

Development

Identifying the evidence base
Identifying or developing theory
Modelling process and outcomes

Implementation
Dissemination

Evaluation

Assessing effectiveness
Understanding change process
Assessing cost effectiveness

Surveillance and monitoring
Long term follow-up

Table 1. Definitions of context, mechanism, and outcomes.

Term Definition

MRT® A theory that can be used to explain specific parts of an intervention s called an MRT. MRTs are identified at the beginning
of this process and examined throughout the process and for this study, during data collection.

Context The environment or “backdrop” of an intervention is called Context. Context can change over time, which could reflect aspects
of change while an intervention is implemented [54]. The context may limit or allow the mechanisms.

Mechanism ‘This refers to aspects (“resources”) that are a result of the intervention and the response to those resources, for example, cognitive,
motivational, and emotional [54].

Outcome(s) Outcomes (intended or unintended) refer to what may happen because of an intervention. For example, variable context may

create an unintended outcome, which could be vital to intervention delivery.

IMRT: middle-range theories.

Methods

Principles of Realist Evaluation

RE has been shown as an effective framework for evaluating
complex health interventions [43]. The aim of RE is to explore
how a mechanism may cause a different outcome when in
different contexts (see Table 1 for definitions) [52]. The process
adopted for this study is outlined in Figure 2. The RE approach
outlined in this study has been guided by Realist And
Meta-narrative Evidence Synthesis: Evolving Standards IT
reporting standards for RE [53] and has been followed by the
process stipulated in Pawson et al’s study, 1997 [52].

The Five Stages of This Study

The 5 stages of this study are as described in the following
sections:

Stage 1: Identifying Propositions

Propositions are comparable with that of hypotheses that predict
whatis believed to occur in a given situation or within research.
Developing the propositions for this study involved authors LP

and JP exploring theoretical concepts from the literature that
derives from behavior change and human-computer interaction
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theories (see Table 2) that could underpin a technological
intervention that aims to help CAYP with ADHD self-manage
their condition. Agreement of these concepts was reached
through discussion among all the authors. The product of Stage
1 was a list of propositions.

Stage 2: Identifying a Theoretical Framework

Using the principles of RE [43], a theoretical framework was
formed to underpin the development of the intervention
guidelines, that is, concepts within identified theories could
underpin specific components (or “mechanisms”) of an
intervention. The theoretical framework was based on theories
that can be applied to educating CAYP with ADHD and human
computer-interaction (see Table 2), and it was constructed by
authors LP and JP.

Stage 3: Context Mechanism Outcome Configuration
Generation

After the propositions (Stage 1) and the theoretical framework
(Stage 2) were developed, they were set out as context
mechanism outcome configurations (CMOCs) during Stage 3
of this process. Authors LP and JP generated the CMOCs. Table
3 outlines some examples of the CMOCs generated during Stage
3
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Figure 2. Outlining the process of generating, validating and refining propositions and context mechanism outcome configurations. This process lasted
between May and September 2018.
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Table 2. Product of Stage 2: demonstrating how middle-range theories underpin the intervention guidelines.

Middle-range theories Ingredients and middle-range theory link

How intervention could incorporate the ingredients

cc®, oc®, 08T, SLTY, Reward (OC, CC, DD, SDT, BCW)
SRT¢, ED', DDTE, ELT",

SCT', SDT, 01T, BCW!,  Stimulation (OST, ED)

com™

Sequential learning (ED)

Self-efficacy (SLT and SCT)

Leaming (ELT)

Independent practice (SLT)
Social regulation (SRT and CCM)

Social Learning (SLT)

Social cognition (SCT)

€D°, UIDP, and CCM Stakeholder involvement in design (CD, UID, and
ccmy

CC,OC, OST, SLT, SRT,  Self-monitoring

ED, DDT, and ELT.
Reinforcement

Self-management

ADHD Knowledge and understanding

Immediate rewards for all correct responses to engage and motivate
the user.

User can move on to different available sections of the intervention
and previous work will be saved to return to later. User has the
choice to carry out intervention activities clectronically or on paper.

All“sections” of intervention to not be available at once (preventing
overstimulation). Different sections become “unlocked” once other
sections are completed.

Intervention will provide the users with the opportunity to self-
evaluate their performance, by receiving feedback from the inter-
vention (eg, stars and coins) and from others (verbal persuasion
or encouragement).

Paper-based activities will be available for those with limited access
to.a device (eg, sharing with siblings or limited device access at
bedtime) and/or intemet.

Used in the absence of a clinician.

Section that teaches user techniques to self-manage ADHD", for
example, anger management.

Intervention should provide scenarios of social situations where
the user can make appropriate decisions (reinforced with immediate
rewards).

Setting short-term, meaningful, and relevant goals for the users to
motivate them to engage with the intervention.

Stakeholders should be involved in the design and development
of the intervention to increase intervention success.

Users monitor their performance independently.

Intervention should provide positive feedback where applicable
and they can share this with others.

Intervention should give the users opportunities to problem solve,
make decisions, and take action in real life scenarios based on what
they have learned.

Intervention should provide the users with accessible information
to help them better understand ADHD so they can more optimally
self-manage it.

ACC: Classical Conditioning [55].

POC: Operant Conditioning [56].

OST: Optimal Stimulation Theory [57].
ISLT: Social Learning Theory [58].

©SRT: Social Regulation Theory [59].

TED: Exceutive Dysfunction [60].

£DDT: Dynamic Developmental Theory [61].
BELT: Experiential Learning Theory [62].
ISCT: Social Cognitive Theory [63].

JSDT: Self Determination Theory [64].

KOIT: Organismic Integration Theory.

'BCW: Behavior Change Wheel [21].

MCCM: Chronic Care Model [17].

"ADHD: attention deficit hyperactivity disorder.
°CD: Co-design [13,14].

PUID: user interface design.
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Table 3. Product of Stage 3: context mechanism outcome configuration examples.

cMOCE Plausible mechanism: “What” Contexts: “for whom” and “in what circum- ~ Possible outcomes
stances™
cMOC 1 Receiving feedback from the intervention  Internet and intervention accessible athome, Development of self-cfficacy
might improve the users’ confidence by used independently of clinician.
confirming performance.
CcMOC2 Positive reinforcement (reward) may mo-  Intervention should give positive rewarding  Increased understanding of condition and

tivate the user to use the intervention.

feedback to the user.

self-management

2CMOC: context mechanism outcome configuration.

Stage 4: Validation and Refinement of New and Existing
Context Mechanism Outcome Configurations

CMOCs were then validated and refined by conducting
interviews with CAYP with ADHD, their parents/carers, and
specialist clinicians. Author LP conducted the interviews and
they were conducted at the participant’s convenience. Clinician
interviews were undertaken at the clinicians” workplace and
young persons’ and parents’ interviews took place in their
homes.

Participants

Participants were recruited to adhere to the sampling frame
below.

*  CAYP with ADHD and their parents/carers
*  Males and females
* CAYP with autism spectrum disorder (ASD) and
without ASD
*  Families who live in the 10% of most and least deprived
areas of the United Kingdom [65]
*  CAYP with ADHD aged 8 to 11 years

*  Clinicians
* A sample that includes ADHD specialist nurses, a
pediatrician, and a psychiatrist.
+  Clinicians who work at Child and Adolescent Mental
Health services and pediatric neurodisability services.

Recruitment

CAYP with ADHD and parents/carers were recruited via a
database held by the research team. Clinicians were recruited
via the National Health Service (NHS) in the South Yorkshire
region. Participants were recruited until data saturation was
achieved [66]. The eligibility criteria for CAYP with ADHD
were (1) aged 8 to 11 years and (2) diagnosed with ADHD.
Parents/carer (1) must have been a parent/carer of a young
person with a confirmed ADHD diagnoses and (2) must have
been able to provide details ofthe ADHD medication the young
person was prescribed. Clinicians had to be employed by a
service that treats CAYP with ADHD and has experience of
working with this population.

Procedure

Semistructured interviews focused on initial propositions that
were tested and refined. CAYP with ADHD, their parents/carers,
and clinicians provided interview data to test the propositions.
The study received ethical approval from the University of
Sheffield’s School of Health and Related Research Ethics
Committee (Ref: 021203) and received NHS Health Research
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Authority and Research and Development local approval.
Interviews took place in the CAYP/parents/carers” homes and
clinicians’ workplaces. All participants provided written
informed consent or assent (CAYP only).

Participants were asked (age appropriate) questions that were
derived from the propositions. Questions included the following:

*  What type of feedback do you think your child would like
and why? (parent/carer)

*  What do you think the role of friends and family could be
for supporting CAYP with ADHD with a technological
intervention? (clinicians/parent/carer)

* If you play a computer game, do you like to collect things
like coins, stars, points? (CAYP with ADHD)

Parents/carers provided ADHD medication details for their child
(where applicable) and completed a Swanson Nolan and Pelham
IV questionnaire to provide a measure of their child’s current
ADHD symptoms.

Data Analysis

Analysis focused on refining and generating new CMOCs.
Principles of thematic and framework analysis were adopted
[67,68]. Guidelines were identified on the basis of existing
CMOC:s (framework analysis approach), and when data did not
fit with existing CMOCs, new CMOCs were generated (thematic
analysis approach) [43].

Stage 5: Development of Guidelines

This was based on the refined and newly generated CMOCs
from Stage 4. The final guidelines aim to provide a set of
recommendations for designing a complex technological
intervention that aims to help CAYP with ADHD self-manage
their condition. The guidelines also provide advice regarding
the environment in which the intervention should be delivered.
The CMOCs refined during Stage 4 were used to form the
content of the guidelines. The guidelines can be found in
Multimedia Appendix 1. Author LP initially put the guidelines
together and then discussed the guidelines with the rest of the
research team (authors JP, VH, and SM) and refined them
accordingly.

Results

Participant Characteristics

A total of 21 participants (7 CAYP, 8 parents, and 6 clinicians)
were recruited from July 2018 to October 2018. Participant
demographic information is included in Table 4 (CAYP), Table
5 (parents), and Table 6 (clinicians). All parents were able to
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provide information regarding their child’s ADHD medication.
All interviews were transcribed verbatim. During analysis,
agreement between the 2 primary coders was high.

Initial Propositions (Stage 1)

Overall, 9 propositions were identified by author LP and checked
for accuracy by author JP. They were then tested against the
interview data and refined:

1. If the user receives feedback from the intervention, then
the user’s confidence may be improved.

2. 1If the user can access downloadable resources from the
intervention, then the user may generate a deeper
understanding of the concepts covered within the
intervention.

3. If the users can choose personalizable characters and a
variety of modules within the intervention, then this may
enable them to maintain stimulation to carry out the task.

4.

Powell et al

If the users receive positive reinforcement (reward) from
the intervention, then this may motivate them to use the
intervention.

If the users engage with social scenarios within the
intervention, then they may make more appropriate social
decisions in the future, which may help enhance social
relationships.

If the users engage with the intervention, then they may
gain a better understanding of their ADHD.

If the users engage with the intervention, then improved
self-management of their ADHD may improve relationships
with friends and family.

If the user gains encouragement from friends/relatives to
use the intervention, then this could reinforce the user’s
engagement with the intervention.

If short-term meaningful goals are set for the users via the
intervention, then this could encourage them to engage with
the intervention.

Table 4. Demographic information of children and young people with attention deficit hyperactivity disorder.

StudyID Gender Age  Otherdiagnosis Appp®  Medicated  gppb Inattention  Hyperactivity Connors ~ Combined
(years) medication  during inter- SNAP®  orlmpulsivity Index  SNAP
view? St SNAP Score Sored
YPI Female 11 ASD® Concerta  Yes 820 2 1.6 18 182
YP2 Male 9 NA N/A No 13513 255 2.89 25 265
YP3 Female 8 ASD Usually 27 No 17403 3 3 27 29
mg Del-
mosart
YP4 Male 10 N/A Delmosart  Yes 23954 178 2 26 213
36 mg
YP5 Male 11 NA Delmosart ~ Yes 4913 156° 222 24 2.06
36 mg+27
mg
YP6 Male 9 N/A Delmosart ~ Yes 1318 178 256 22 218
36 mg
YP7 Male 8 Attachmentdis-  Elvanse, 40 Yes 3259  1.67 188 19 182
order mg

“ADHD: attention deficit hyperactivity disorder.

SDI: Social Deprivation Index. 1 is indicative of the most deprived area in the United Kingdom and 32844 is the most affluent area in the United

Kingdom.

SNAP: Swanson, Nolan, and Pelham Questionnaire. SNAP Scores: Scores indicative of ADHD are as follows: Inattention: 178 and above:
Hyperactivity/Impulsivity: 1.44 and above; Connors Index: 1.67 and above; Combined score: 1.63 and above.

dAverage score across Inattention, Hyperactivity/Impulsivity and Connors Index subsections.

©ASD: autism spectrum disorder.

TPlease note YP6 does not meet the threshold for one SNAP component. They did meet the criteria for all other SNAP domains.
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Table 5. Demographic information of parents of children and young people with attention deficit hyperactivity disorder.

Participant ID Comorbid condition of child Age of child (years)
P ASD* 1

P2 b 9

P3¢ ASD 8

P4 = 10

P5 — 1

P6 — 9

P7 Attachment disorder 8

pse ASD 8

“ASD: autism spectrum disorder.
PNot applicable.

©P3 and P8 are the parents of the same child and were interviewed together.

Table 6. Demographic information of clinicians demonstrating 8 months to 18.5 years of experience of working with children and young people with
attention deficit hyperactivity disorder with a mean of a total of 6.9 years of experience.

Participant ID  Gender Job title Clinical experience with children and young people with attention deficit
hyperactivity disorder (years, months)

c1 Male Registrar psychiatrist 2 years

c2 Female Consultant pediatrician 4 years 6 months

c3 Female Nurse clinical specialist 18 years 6 months

Cc4 Female Nurse prescriber 8 months

cs Female Consultant community pediatrician 10 years

c6 Female Consultant community pediatrician 6 years

Testing the Propositions

Overall, 7 themes were identified: (1) positive rewarding
feedback, (2) downloadable gaming resources, (3) personalizable
and adaptable components, (4) psychoeducation component,
(5) integration of self-management strategies, (6) goal setting,
and (7) context (personal and environmental). These themes
focused on testing the 9 initial propositions.

Positive Rewarding Feedback (Propositions 1 and 4)

All participants expressed a wish for immediate positive reward
when the user may select a correct response. Of the participants,
1 said that when he or she gets a reward, for example, a sticker
at school, it makes him or her feel “proud” (YP5). Examples of
instant reward could be auditory confirmation of a correct
response and collecting items such as coins, stars, diamonds or
trophies. The reward (and the intervention itself) should also
be visually attractive:

1 think that [instant positive reward] will really help
his self-confidence. [P4]

Another clinician states the following:
1 think a lot of the games nowadays build up points

and it makes sense...having reward builds up their
self-esteem.... And just makes them feel happier. [C4]

Inaddition, all 21 participants suggested that the instant positive
reward component would motivate the user to engage with the
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intervention. They also felt that additional motivation to engage
with the intervention could involve personalizing the reward
(n=12), that is, the users can choose their rewards (eg, coins,
trophies, stars) because of the following reason when referring
to CAYP with ADHD:

tend to get bored quite quickly. [C2]
A total of 11 participants stated reward could also be given by
providing different levels where the use could “level up™ or
open “new areas” once a previous level is “completed.” Most
of the CAYP (n=5) and 2 parents wanted these levels to increase
in difficulty:

1 like harder and harder cos if you do harder and
harder you get better and better at it. [YPT]

However, 2 CAYP (YP3 and YP6), 1 parent (P7), and 2
clinicians believed that if levels were too challenging for the
users, it could cause frustration and demotivate their engagement
with the intervention. Therefore, 1 clinician suggested that there
could still be levels and areas to create choice, allowing the
users to feel they are progressing, but these levels could have
an option to make them easier:

_.simplify the challenge so you could make the
challenges harder:..but there could be a simplify
option that the kids could use and so the kids that do
get frustrated can simplify it and get it done. [C1]
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Downloadable Gaming Resources (Proposition 2)

Ifapplicable, the option of using downloadable resources could
be made available for when the intervention may not be
accessible, for example, if the child/young person has to share
a device with siblings, has limited screen time (eg, before bed
time), or is away from home (eg, in the car or on holiday).
Participants wanted downloadable resources to have a gaming
component, including quizzes, mazes, word searches,
crosswords, coloring in, or origami activities (5 CAYP, 3
parents, and 2 clinicians).

Including quizzes cos I like quizzes. [YP1]

Personalizable and Adaptable Components
(Proposition 3)

A total of 5 CAYP, 4 parents, and all 6 clinicians requested that
the technology should be personalizable and include adaptable
avatars, that is, characters they can personalize by changing
hair/eye color, gender, clothing, and skin color that can be
adapted as and when they wish. Moreover, 4 clinicians believed
this was so that the user could “relate” to the intervention and
its content:

That its [the language] not too clinical and that they

can actually relate to it... It’s the relating to it really

that s most important. ...you have to be really careful

that its not so generalised that they can 't relate to it.

[€3]
Moreover, 1 parent (P4), 1 young person (YP4), and 1 clinician
(C4) emphasized the importance of having the correct amount
of stimulation to ensure the users are not over or under
stimulated:

You don't want to over-stimulate them, but you want
them to have that draw, I think its finding the right
balance between overload and sort of retaining err
concentration. [P4]

Psychoeducation Component (Proposition 6)

A total of 5 CAYP, 5 parents, and all 6 clinicians believed it
was an important aim for the users to have a good understanding
of their ADHD. It was also considered important by 2 clinicians
(C2 and C3) that the positive aspects of ADHD should be
highlighted through examples of others who have ADHD and
have been successful, such as celebrities, as they believed there
was a lot of negativity surrounding the condition. Moreover, 1
clinician believed that it could be “life changing” (C1).

Another clinician stated the following:

Because I want to know about ADHD, what it does
and what it effects in your body. [YP5]

Moreover, 1 parent stated the following:
Knowledge is power and just giving her the
confidence, increased self-esteem. [P3]

A clinician stated the following:
I think it could be massive for them across the board
it could help them at school, help them learn, help

them make friends, help with their relationships with
others... [C1]
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A total of 5 clinicians wanted interventions for CAYP to
self-manage their ADHD to be more positive while not “glossing
over” some of the difficulties. All 6 clinicians expanded on the
above and stated that when CAYP with ADHD act incorrectly
or impulsively, they often feel bad about themselves, and having
knowledge about their condition could help prevent this. Overall,
3 CAYP, 4 parents, and 4 clinicians emphasized the importance
of understanding the users” ADHD so the users can explain it
to their friends:

Cos if I know more I can tell people more about the
like what I've got [ADHD] so they know what it
means. [YP4]

Integration of Self-Management Strategies
(Propositions 5 and 7)

Overall, 5 CAYP, 4 parents, and all 6 clinicians believed an
intervention should include strategies to help the children
self-manage their ADHD, such as anger management strategies.
Moreover, 1 participant stated that he counts to 40 for a total
of 3 times to calm down (YP7).

Another parent stated the following:

He can learn sort of techniques you know sort of

self-management techniques trying to calm himself

down. [P4]
Another self-management strategy discussed was animated
“social scenarios” with alternate endings for the users to choose
from to help them understand what acceptable behavior is and
is not in social situations. This idea was favored by clinicians
(n=5), CAYP with ADHD (n=3), and parents (n=3). Overall, 2
clinicians (C5 and C6) stated this could be beneficial because
similar “social stories” are already used with CAYP with ADSD,
which is comorbid in many CAYP with ADHD:

She seems to learn a lot through like watching
videos... if she wants to know how to do something,
she goes on YouTube. [P1]

A clinician stated the following:

Ireally like the idea of scenario-based teaching. [C2]
Another clinician said:

[Social scenarios] sound like a similar principle to
the social stories we use with the children with autism
we see. I think that could be useful as it could help
the children to reflect on what they might do in a
situation before they are in the heat of the moment.
[C5]

Goal Setting (Proposition 9)

Overall, 6 parents liked the idea of goal setting within a
technological intervention. They liked the idea of short-term
goals because of poor working memory in CAYP with ADHD,
which means they may find it challenging to process longer-term
goals.

Context (Propositions 6 and 8)

Tt was found that the variable context an intervention is delivered
in could affect the outcome it may have, and these contexts
could be divided into environmental and personal.
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Table 7. Refined context mechanism outcome configuration examples that support initial propositions.

cMocs®  Plausible mechanism: “What” Contexts: “for whom” and “in what circumstances”

CMOC1  Receiving positive rewarding feedback from the intervention might ~ Intemet and intervention accessible at home and used independently
improve the users’ confidence by confirming performance. of clinician. Intervention should be colorful and not too text heavy.

CMOC3  Enabling the user to choose personalizable and adaptable characters ~ The intervention will give positive and rewarding feedback to the

of majority and minority groups and a limited number of “modules™

will maintain stimulation to carry out the task.

user. Users will also have their own user area so that they can return
to previous work and carry on where they left off.

2CMOC: context mechanism outcome configuration.

Table 8. Additional context mechanism outcome configurations generated from context mechanism outcome configuration validation with key

stakeholders.

cMocs®  Plausible mechanism: “What” Contexts: “for whom” and “in what circumstances”

CMOC 10 Users will have a better understanding of their  The intervention will provide age-appropriate information to improve the users’
ADHD so they can explain it to others knowledge and understanding of their ADHDP and provide suggestions on how
(friends/family). to explain their ADHD to others.

CMOC 11 An indication of improvement or progress suchas  The intervention will provide the user with varying game levels to keep them en-

leveling up will motivate adherence.

gaged and motivated to use the intervention. A “simplify option” will also be

available to keep frustration levels down where applicable.

2CMOC: context mechanism outcome configuration.
PADHD: attention deficit hyperactivity disorder.

Personal Contexts

Overall, 1 parent (P3) and 1 clinician (C5) stated that some
CAYP with ADHD also have dyslexia and may struggle to read
text; therefore, the background color to any included text should
be adaptable. This is because some people with dyslexia find it
casier to read text on specific background colors. This could
enable the user to access the information more easily. Overall,
1 parent (P1) and all 6 clinicians also believed it is important
that the information presented should be developmental and
age-appropriate and the language should be suitable to ensure
the user can understand the material provided:

A whole variety of those different [background]
colours then that would make it much more accessible.
It would make it easier for them [CAYP with dyslexia
as well as ADHD] to read, it could stop the words
and the letters moving, it makes it so they can actually
read what s written rather than it being a sea of text
they can't access. There's a huge overlap between
lots of condition like dyspraxia, dyslexia, ADHD,
Autism. [C5]

Environmental Contexts

Overall, 13 participants (3 CAYP, 4 parents, and 6 clinicians)
believed they would be more motivated to engage with a
technological intervention if they had encouragement and
support from close friends or relatives. Moreover, 1 young
person (YP1) stated that her family and her dog could get in the
way if she was to use an intervention of this nature, which could
affect the effect the outcome intervention has on the user:

I think it will be good for them to do on their own but
1 think it will be good for other people to know what
they have looked at so they can reinforce if they have
any questions. [C3]
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A total of 6 parents believed that supporting their child with an
intervention that helps them self-manage their ADHD could
help build their relationship with their child.

Stage 4: Context Mechanism Outcome Configuration
Refinement

As aresult of validating CMOCs with key stakeholders, existing
CMOCs have been refined (see Table 7 for examples) and 2
more CMOCs have been developed (Table 8). All CMOCs can
be found in Multimedia Appendix 2.

Discussion

Principal Findings

This study aimed to present an RE approach to develop
guidelines that may help the future development of technological
interventions, which aim to help CAYP with ADHD self-manage
their condition more effectively. A total of 7 key themes
emerged from the interviews with key stakeholders: (1) positive
rewarding feedback, (2) downloadable gaming resources, (3)
personalizable and adaptable components, (4) psychoeducation
component, (5) integration of self-management strategies, (6)
goal setting, and (7) context (environmental and personal).
Importance was placed on the variable environmental and
personal context in which such an intervention could be
delivered; importance was additionally placed on how these
contexts could affect the outcomes of the interventions.

Comparison With Previous Work

Positive Rewarding Feedback

All participants identified the need for an instant positive reward
within a technological intervention for CAYP with ADHD. This
is supported by behavior change MRTs such as classical
conditioning, which states that unconscious behavior will change
when a stimulus is repeatedly paired with a particular response
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such as rewards [55]. Similarly, Operant Conditioning is when
an individual repeatedly makes an association with a stimulus,
such as reward or punishment [56]. These theories explain why
the administration of reward can change behavior. Dynamic
developmental theory states CAYP with ADHD have a shorter
“window” between behavior and a reward response for them to
make the association between the behavior and the positive
response [61]. This explains why the reward should be
immediate. Bandura’s theory of self-efficacy also states that
gaining confidence by achieving and accomplishing a task can
increase an individual’s self-efficacy. This is referred to as
“Mastery Experiences” [69]. The BCW states that the individual
needs to be motivated for behavior to change [21], and reward
could motivate a child with ADHD to engage with an
intervention.

Downloadable Gaming Resources

Some participants (5 CAYP, 3 parents, and 2 clinicians) liked
the idea of having the option of being able to print off resources
that complement the technological intervention in the event that
technology is not available (eg, before bedtime and away from
the home). This could be important as CAYP with ADHD are
overrepresented in socially deprived areas [7,8] and may not
have access to technology. It would also provide the user the
opportunity to have an experience away from a screen and could
help supplement learning by conducting a physical action. The
latter claim is supported by John Dewey’s Experiential Learning
Theory [62].

Personalizable and Adaptable Components

Previous evidence suggests that CAYP with ADHD would like
a mobile app to be personalizable [47]. It is well documented
that CAYP with ADHD need to be optimally stimulated to
maintain engagement with a task [70-72]. As advised by study
participants (5 CAYP, 4 parents, and all clinicians),
personalizable avatars that are able to be constantly adapted as
and when the users would like could provide them with the
stimulation and motivation to remain engaged with the
intervention. CAYP with ADHD have also been reported to
want to adapt avatars so that they can relate to them [47]. A
total of 4 clinicians emphasized the importance of the CAYP
being able to relate to the intervention. Support for this can
come from a “mini theory” Organismic Integration Theory
(OIT), derived from self-determination Theory. OIT emphasizes
the importance of relatedness to motivate an individual to behave
in a certain way [64].

Psychoeducation Component

Participants (5 CAYP, 5 parents, and all 6 clinicians) wanted
CAYP to know more about their ADHD so that they could
self-manage it more effectively and so that the CAYP could
explain what ADHD means to their peers. This concurs with
existing literature where emphasis has been placed on the value
of psychoeducation for CAYP with ADHD and their families,
as an expert understanding of their condition could lead to more
positive individual choices [49,73]. The Health Foundation
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reports that educating people about their long-term condition
can support self-management [74]. Public Heath England [75],
along with the Mental Health Taskforce’s 5 Year Forward View
for Mental Health [76], states that early intervention avoids
CAYP falling into crisis and expensive longer-term interventions
into adulthood. This evidence suggests that psychoeducation
for CAYP with ADHD as early as possible is vital to help them
understand and self-manage their condition. Despite this
favorable evidence base for psychoeducation, CAYP with
ADHD often do not have access to appropriate psychoeducation,
and their understanding of the condition is frequently poor and
likely to lower self-esteem.

Integration of Self-Management Strategies

Overall, 5 CAYP, 4 parents, and all 6 clinicians believed the
availability of self-management strategies for ADHD could be
useful for CAYP with ADHD. Social learning theory states that
individuals can learn by imitating others [58]. Animated social
scenarios whereby the user can choose alternate endings could
enable the user to learn about acceptable behavior in social
situations. Bandura’s self-efficacy theory states that “Modeling”
can increase self-efficacy [69].

Moreover, 2 clinicians recognized that “social stories” are an
effective way to teach CAYP with ASD how to behave
appropriately in social situations and are often used in clinical
practice [77,78]. Therefore, they believed the proposed animated
social scenarios could work well with many CAYP with ADHD,
especially those CAYP who have comorbid social skills
difficulties.

Furthermore, “interpreting physiological signs” is also a stream
of Bandura’s theory of self-efficacy [69]. This could have
applied to ADHD in CAYP as if the young people can identify
when they are likely to feel angry or frustrated, this could be
when they apply some self-management strategies to control
their behavior, which could lead to an improvement in their
self-efficacy.

As CAYP with ADHD can be impulsive, it was requested that
interventions should involve a component to help them when
they wish to behave impulsively, for example, when they are
angry. Support from this may come from the Social Regulation
Theory that states CAYP with ADHD lack self-control, which
can affect their working memory [59]. This theme is also
supported by the CCM, which states that patients should receive
support to self-manage their condition [17].

Goal Setting

Overall, 6 parents liked the idea of short-term goal setting within
an intervention. Executive dysfunction theory has been applied
to ADHD [60], and it states that CAYP with ADHD commonly
experience working memory deficits. This is supportive of the
fact that goals should be shorter rather than longer-term as the
working memory capacities may not enable them to remember
requirements to achieve a long-term goal.
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Figure 3. Outlines identified environmental and personal contextual factors that could affect the effect (outcome) an intervention has on a user.

The effect the

intervention
has on the
user
(outcome)

Context: Environmental

In accordance with the MRC framework and the International
Classification of Function, Disability and Health (ICF), this
research found that variable contexts in which an intervention
could be delivered could be divided into personal and
environmental factors [79]. Figure 3 displays identified
environmental and personal contexts as having the potential to
change intervention outcomes.

Moreover, 1 example of an environmental context is support
from others. A total of 13 participants believed there was value
in CAYP with ADHD having support and encouragement (to
use an intervention) from their close friends and families. This
concurs with the theory of self-efficacy that states that “feedback
and persuasion” from significant others, such as family
members, can increase one’s self-efficacy [69,80]. Therefore,
the support from a close friend or relative when completing
such an intervention could help increase the user’s self-efficacy.

Context: Personal

Overall, 1 participant acknowledged that ADHD is a highlight
comorbid disorder [81], which includes other conditions such
as dyslexia, and 1 provision that could be made is giving users
the option to change text background color to aid reading. In
addition, optimal stimulation theory states that CAYP with
ADHD need to be optimally stimulated to maintain their
attention. Therefore, it is important that information and
language presented are both age appropriate and interesting to
look at, for example, by the use of bright colors.

Strengths, Limitations, and Recommendations

This study has highlighted the importance of considering the
variable context in which interventions take place [44]. If
research does not consider factors such as the context the
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intervention is delivered in and the variety in the population,
the results could lack reliability and depth [82]. Therefore, this
study has provided initial guidelines to assist future technology
developers with this process. Furthermore, MRTs were used to
underpin the guidelines to help increase their generalizability
to more than 1 context. Future research into complex
intervention development for any population may wish to adapt
the methodology of this study to assist with building an evidence
base for the population’s intervention.

Existing evidence is supportive of a psychoeducation component
for such interventions [49,73-76]; therefore, future technology
should include this component if appropriate.

In addition, the BCW [21] provides a framework for behavior
change interventions and the CCM [17] for the care of chronic
conditions. During the production of these guidelines, the
National Institute for Health and Care Excellence (NICE)
released its digital health intervention (DHI) framework [83].
This is an excellent framework that makes a number of detailed
recommendations for the development of complex DHIs. These
models, and the NICE DHI framework, are valuable for behavior
change, chronic care, and complex intervention development,
respectively, they are generic models that can be applied to
many conditions, not only ADHD. Where the guidelines
developed in this instance are partially based upon generic
theories such as these, they are also condition specific. This is
important for a population with complex needs, such as CAYP
with ADHD, as they have needs that cannot be applied to the
many conditions the BCW, CCM, and NICE DHI framework
target.

Although a sampling frame was adhered to, ensuring a
representative sample of this complex population, the qualitative
nature of this research meant that the CMOCs for this study
were validated and refined using interview data from a small
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number of participants (n=21). ADHD is a highly complex
neurological condition; therefore, 1 intervention will not suit
all CAYP with ADHD, or all families and future technological
interventions will need to account for this. In addition, for some,
these guidelines and subsequent technology development may
still not meet their need for personable one-to-one interaction.
Furthermore, this study was limited to the views and opinions
of CAYP with ADHD, their parents, and specialist clinicians.
Game designers and platform developers were not consulted as
it was outside the aims and objectives of this study. Future
research may benefit from incorporating the views and opinions
of these individuals.

Complex interventions for ADHD self-management run the
inevitable risk of variable uptake of the intervention among
participants [15]; therefore, future attempts should account for
this. These guidelines were designed in 2018. Technology is
constantly changing and alongside this, so are consumer
expectations [43]; therefore, it is important for these guidelines
to be reviewed regularly and for future projects to develop
complex interventions to be aware of technological
developments at the time. Although these guidelines may need
reviewing, contexts that complex interventions are delivered in
willalways be variable; therefore, the methodology adopted for
this study could be used beyond the lifetime of the guidelines
developed.

Conclusions

This study has adopted the principles of RE [52] to design a set
of guidelines that can be used when developing complex,
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technological interventions that aim to help CAYP aged 8 to
11 years with ADHD self-manage their condition. The
guidelines propose helping CAYP aged 8 to 11 years with
ADHD understand their condition and providing them with
tools to self-manage it more effectively. This concurs with the
health foundation’s guide to self-management of long-term
conditions [22]. It is anticipated that these guidelines will
become a research derived actionable tool [84] in the future for
designers to use and maximize the impact they have on the
development of technological interventions for this population.
It is recommended that a co-design approach should be adopted
when designing complex interventions to increase the likelihood
of acceptance of the intervention and engagement with the
intervention [13,14]. The methodology presented could also be
used to stimulate a wide range of stakeholders (service users,
clinicians, researchers, and policy makers) to think differently
about how interventions for this population, and other
populations and age groups, are designed. Beyond the use of
these guidelines, future research evaluating the effectiveness of
such an intervention must contain large sample sizes and account
for the variable contexts interventions are delivered in to ensure
that the findings are generalizable. A follow-up period is also
essential to evaluate if intervention effects persist over longer
periods of time [15,49]. Although these guidelines provide a
good theory and evidence basis for the development of a future
complex intervention of this nature, it must be acknowledged
that it is vital that complex interventions should be codesigned
in partnership with key stakeholders to increase the likelihood
that the intervention is to be accepted by the intended users
[46-48].
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Appendices 1. An outline of eleven recommendations based on the refined CMOCs
generated from this study. These recommendations comprise of a set of guidelines that are
aimed at anybody who wishes to develop a technological intervention in the future to help
CAYP with ADHD manage their condition. Alongside each recommendation is a set of
circumstances or environments where the intervention is recommended to be delivered in.

Recommendation Context the recommendation should be
delivered in

1 The user (CAYP with ADHD) should There should be Internet access and the
receive positive rewarding feedback intervention should be accessible at home
(visual and audio) as it may improve their | and used independently of clinician. The
confidence by confirming performance. intervention should be colourful and not too

text heavy.

2 Users could have the option of using The paper downloadable gaming resources

downloadable gaming resources as this should be available to be used

may mean the user can generate a deeper | independently or with support from close
understanding of concepts covered in the | friend/relative by the user.

intervention.

Examples of downloadable resources:
Quizes, maze, word search, cross words,
colouring in pictures, origami

The intervention should enable the user The intervention should provide the user

to choose personalisable and adaptable with lots of choice to keep them engaged
characters of majority and minority and motivated. Users should also have their
groups. Additionally there should be a own user area so they can return to previous

limited number of “modules” to help the | work and carry on where they left off.
user maintain stimulation to carry out the

task.
Positive reinforcement should be The intervention should give persoanlised
incorporated into the intervention collectable positive and rewarding feedback

(personalised collectable rewards) as this | to the user.
may motivate the user to use the
intervention

Examples of rewards include: Diamonds,
coins (use to buy items on game e.g.
skins, avatar accessories), certificates,
medals, personalised reward, tokens

The intervention could include animated The intervention should positively reward
social scenarios, which may help the user | appropriate decision-making during
make more appropriate social decisions, animated social scenarios provided.
which may help enhance social
relationships.

Another option would be to use animals
instead of human characters/avatars.

The intervention could help the user to The intervention should provide age
have a better understanding of their appropriate information that should improve
ADHD. the user’s knowledge and understanding of

their ADHD.
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5  The intervention could include animated 
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which may help enhance social 
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Another option would be to use animals 

instead of human characters/avatars. 
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animated social scenarios provided. 

6  The intervention could help the user to 

have a better understanding of their 
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The intervention should provide age 
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the user’s knowledge and understanding of 

their ADHD. 
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7 The intervention could encourage the The intervention should provide age
user to involve their parents/carers/close | appropriate information to improve the
friends/family members at select times user’s knowledge and understanding of their
when they use the intervention. For ADHD including strategies of how to calm
example the user could teach their loved | them down when they feel angry.
ones ways they have learned to help
manage their ADHD. This is because the
intervention could help to improve
relationships and ADHD symptom self-
management

8 The intervention should make it clear that | The intervention should be used in an
encouragement from close friends and or | environment where the user is encouraged
relatives could reinforce the users’ by close friends and or relatives to engage
engagement with the intervention. with it.

9 The intervention could help the user to To incorporate achievable short-term goal
set short-term relevant meaningful goals | setting for the user or to provide advice on
for themselves which may encourage the | how to set short term meaningful goals.
user to engage with the intervention and | Additionally, downloadable resources could
self-manage their ADHD more effectively. | incorporate encouragement for parents to

think about short-term goals with their child.

10 The intervention could enable the user to | The intervention should provide age
have a better understanding of their appropriate information to improve the
ADHD so they can explain it to others user’s knowledge and understanding of their
(friends/family). ADHD and provide suggestions of how to

explain their ADHD to others.

11 The intervention should provide an The intervention should provide the user

indication of improvement/progress
during activities within the intervention
such as leveling up will motivate
adherence

with varying game levels to keep them
engaged and motivated.

A “simplify option” (to make the level more
manageable for the user if they are
struggling to complete it) could also be
available to keep frustration levels down
where applicable.
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think about short-term goals with their child. 

10  The intervention could enable the user to 
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ADHD so they can explain it to others 
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indication of improvement/progress 

during activities within the intervention 

such as leveling up will motivate 

adherence 
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with varying game levels to keep them 

engaged and motivated. 

A “simplify option” (to make the level more 

manageable for the user if they are 

struggling to complete it) could also be 

available to keep frustration levels down 

where applicable. 
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Appendices 2. Presenting the CMOCs that have been refined (CMOCs1-9) and developed
(CMOCs 10-11) as a result of this study. Bolded text shows where refinements have been
made to the original CMOCs and also where new CMOCs have been developed.

CMOC’s | Plausible mechanism “What” Contexts: “for whom” and “in | Possible outcomes

what circumstances”

CMOC1 | Receiving positive rewarding Internet and intervention Development of self-
feedback from ADHD Hub™ should be accessible at home efficacy
might improve the users and used independently of
confidence by confirming clinician. Intervention should
performance. be colourful and not too text

heavy.
Include audio feedback

CMOC2 | Having the option of using Paper downloadable gaming Improved performance
downloadable gaming resources | resources available to be used | on exercises provided by
may mean the user can generate | independently or with the intervention.

a deeper understanding of support from close
concepts covered within the friend/relative by the young
intervention person with ADHD.
Downloadable resources

options: Quizes, mazes, word

searches, cross words, colouring

in pictures, origami.

CMOC3 | Enabling the user to choose The intervention will provide Improved performance
personalisable and adaptable the user with lots of choice to | on exercises provided by
characters of majority and keep them engaged and the intervention.
minority groups and a limited motivated to use
number of “modules” will theintervention. Users will
maintain stimulation to carry out | also have their own user area
the task. so they can return to previous

work and carry on where they
left off.

CMOC4 | Positive reinforcement The intervention will give Increased understanding
(personalised collectable persoanlised collectable of condition and self-
rewards) may motivate the user positive and rewarding management.
to use the intervention. feedback to the user.

Reward options: Diamonds,
coins (use to buy things on game
e.g. skins, character accessories),
certificates, medals, collect
trophy fragments to get trophy
at the end, personalised reward,
tokens

CMOC5 | Animated social scenarios The intervention will positively | Increased understanding
provided may help the user make | reward appropriate decision- of social situations.
more appropriate social making during animated social
decisions, which may help scenarios provided.
enhance social relationships.

Could use animals instead of
characters/avatars.
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CMOC6 | User will have a better The intervention will provide Increased knowledge and
understanding of their ADHD age appropriate information understanding of their

to improve the user’s ADHD
knowledge and understanding
of their ADHD

CMOC7 | Use of the intervention could The intervention will provide Improved quality of life,
improve relationships and ADHD | age appropriate information improved self-
symptom self-management to improve the user’s management of ADHD.

knowledge and understanding
of their ADHD including
strategies of how to calm
them down when they feel
angry

CMOC8 | Encouragement from close The intervention will be used Increased use of the
friends and or relatives could in an environment where the intervention.
reinforce the users’ engagement | user is encouraged by close
with the intervention. friends and or relatives to

engage with it.

CMOC9 | Setting short-term relevant The intervention will Increased use of the
meaningful goals may encourage | incorporate achievable short- | intervention and behavior
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Abstract

Background: With advances in technology, the adoption of wearable devices has become a viable adjunct in poststroke
rehabilitation. Regaining ambulation is a top priority for an increasing number of stroke survivors. However, despite an increase
in research exploring these devices for lower limb rehabilitation, little is known of the effectiveness.

Objective: This review aims to assess the effectiveness of lower limb wearable technology for improving activity and participation
in adult stroke survivors.

Methods: Randomized controlled trials (RCTs) of lower limb wearable technology for poststroke rehabilitation were included.
Primary outcome measures were validated measures of activity and participation as defined by the International Classification
of Functioning, Disability and Health. Databases searched were MEDLINE, Web of Science (Core collection), CINAHL, and
the Cochrane Library. The Cochrane Risk of Bias Tool was used to assess the methodological quality of the RCTs.

Results: In the review, we included 11 RCTs with collectively 550 participants at baseline and 474 participants at final follow-up
including control groups and participants post stroke. Participants' stroke type and severity varied. Only one study found significant
between-group differences for systems functioning and activity. Across the included RCTs, the lowest number of participants
was 12 and the highest was 151 with a mean of 49 participants. The lowest number of participants to drop out of an RCT was
zero in two of the studies and 19 in one study. Significant between-group differences were found across three of the 11 included
trials. Out of the activity and participation measures alone, P values ranged from P=.87 to P <.001.

Conclusions: This review has highlighted a number of reasons for insignificant findings in this area including low sample sizes,
appropriateness of the RCT methodology for complex interventions, a lack of appropriate analysis of outcome data, and participant
stroke severity.

(J Med Internet Res 2016;18(10):€259) doi:10.2196/jmir.5891
KEYWORDS

wearable technology; stroke; gait; rehabilitation

that following a stroke, only 15% will gain complete functional
recovery for both the upper and lower extremities [4] with
The worldwide incidence of stroke s set to escalate from 15.3  Walking and mobility being key issues for many stroke survivors
million to 23 million by 2030 [1]. In the United Kingdom, who report the importance of regaining mobility [5]. However,

strokes are the largest single cause of disability [2] resulting in with the ever-increasing financial challenges facing the N’dllf)nal
a cost to the economy of £8.9 billion a year [3]. It is estimated Health Service (NHS), service needs cannot be met. Therefore,
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utilizing information and communication technology together
with the implementation of well-evidenced medical technologies
is essential for continued rehabilitation for stroke survivors.

The adoption of technological solutions can facilitate patient
and caregiver empowerment and a paradigm shift in control and
decision making to that of a shared responsibility and
self-management [6]. It also has the potential to reduce the
administrative burden for care professionals and support the
development of new interventions [7]. Incorporating technology
into the daily lives of stroke survivors is a key objective in
safeguarding a better quality of life for them.

Evidence exists supporting the need for intensity and repetition
of motor skills in order to promote neuroplasticity and motor
releaming [8]. A number of technological aids with a potential
to enhance poststroke motor recovery has been explored [9].
However, many include the use of expensive, large, complex,
cumbersome apparatus that necessitates the therapist to be
present during use [10]. Therefore inexpensive, externally
wearable, commercially available sensors have become a more
viable option for independent home-based poststroke
rehabilitation [11].

Recent systematic and non-systematic reviews highlight the
growing use of externally wearable devices to augment
poststroke rehabilitation in both clinical and non-clinical settings
for motion analysis and physical activity monitoring [12-15].
These include microelectromechanical systems containing
accelerometers, gyroscopes, and magnetometers; fabric and
body-worn sensor networks [ 16]; and physiological monitoring
such as blood pressure and oxygen saturation [17,18]. Other
wearable devices specifically designed and used for poststroke
rehabilitation also include robotics [19], virtual reality [20],
Functional Electrical Stimulation (FES) [21], electromyographic
biofeedback (EMG-BFB) [22], and Transcutaneous Electrical
Nerve Stimulation (TENS) [23,24].

However, while these devices have the potential to reliably
measure duration, frequency, intensity, and quality of activity
and movement, all of which are key variables for poststroke
recovery [8], no reviews have synthesized the effectiveness of
these devices for poststroke lower-limb rehabilitation.

The International Classification of Functioning, Disability and
Health (ICF) [25] considers the interaction between pathology
(body structure and function), impairment (signs and symptoms),
activities (functionality), and participation (social integration)
and has now become the main conceptual framework for
poststroke rehabilitation [26-28]. For this review, we focused

http://www jmirorg/2016/10/e259/

XSL-FO

RenderX

Powell et al

on the activities and participation domain of the ICF as this
would provide an indication of how the interventions have or
have not led to functional gains in everyday life, which is the
rehabilitation goal for both clinicians and stroke survivors [28].

Therefore, the aim of this review was to examine how effective
external wearable devices are as interventions for improving
function of the lower limb in adult stroke survivors.

Methods

The review protocol was registered on PROSPERO
(CRD42015020544). The review was undertaken in accordance
with the general principles recommended in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [29].

Search Methods

The following databases were searched from inception to March
2016: MEDLINE, Web of Science (Core collection), CINAHL,
and the Cochrane Library. Medical Subject Headings (MeSH)
keywords used were cerebrovascular disorders, hemorrhage,
cerebral hemorrhage, self-help devices, telemedicine, physical
therapy modalities, physical and rehabilitation medicine,
exercise, exercise therapy, exercise movement techniques,
self-evaluation programs, sensory feedback, motor skills, gait
disorders, neurologic, gait apraxia, and gait ataxia. Text terms
used were stroke, technology, physiotherapy, lower limb,
rehabilitation, and gait. These were combined with text term
synonyms: cerebrovascular accident (CVA), poststroke,
cerebrovascular, brain ischemia, IT (information technology),
ICT (information and communications technology), assistive
technology, telehealth, telecare, telerchabilitation, physical
therapy, physiatric, exercise, lower extremity, lower limb,
ambulant, walk, locomotion, mobile, move, motion,
biofeedback, sensory feedback, advise, result, evaluation,
observe, assess, inform, train, therapy, treat, motor skills, motor
re-learn, re-educate, re-learn, recovery enhance, promote,
support, function, activity, physical, ambulant, and walking.
Terms were combined using Boolean logic (“AND”, “OR”).
MeSH are specific recognized terms used for the purpose of
indexing journal articles and books in electronic databases. Free
text terms and synonyms are specific words that the search
strategy looks for in the title and abstract.

A copy of the MEDLINE search strategy is presented in
Multimedia Appendix 1. Electronic citations were downloaded
to Endnote software. The inclusion criteria are described in
Table 1.

T Med Internet Res 2016 |vol. 18 | iss. 10259 | p.2
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Table 1. Inclusion and exclusion criteria for this review.

Powell et al

Inclusion criteria

Exclusion criteria

English language articles
Studies recruiting people over the age of 18 years

Studies evaluating lower-limb and wearable technology

Studies reporting an RCT*

Studies measuring activity and participation as classificed by the World
Health Organization ICF®

Studies including upper limb
Studies where the intervention is not clearly defined

Studies not using one of the chosen 11 outcome measures (see Outcome
measurement/assessment below)

Studies not reporting an RCT*

Studics not measuring activity and participation as classified by the World
Health Organization ICF®

ARCT: randomized controlled trial.

PICF: International Classification of Functioning, Disability and Health.

As this is a review of effectiveness, RCTs were chosen as the
appropriate study design to answer the research question.
Inclusion of non-RCT evidence is outside the scope of this
review.

Comparators could be exercise/physical therapy, sham
stimulation, conventional gait therapy, or treatment as usual.
The primary outcome for this review was changes in activity
and participation assessed by any of the following methods: the
Rivermead Mobility Index, the Barthel Index, the Berg Balance
Scale, the Six Minute Walk Test, the Functional Ambulatory
Category, the Timed Up and Go test, the Motricity Index, the
Stroke Self-Efficacy Scale, and the Performance-Oriented
Mobility Assessment.

Quality Assessment

Methodological quality of included RCTs was assessed using
the Cochrane Collaboration risk of bias assessment criteria [30].
This tool addresses specific domains, namely, sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome
data, and selective outcome reporting. For the selective reporting
domain, a proxy judgement was made that if a trial reported
that a study protocol had been approved and the trial report
described primary and secondary outcomes with results, then
the trial could be considered at low risk of selective reporting
bias. We classified RCTs as being at overall low risk of bias if
they were rated as “low” for each of three key domains: (1)
allocation concealment [31], (2) blinding of outcome assessment,
and (3) completeness of outcome data. RCTs judged as being
at high risk of bias for any of these domains were judged at
overall high risk. Similarly, RCTs judged as being at unclear
risk of bias for any of these domains were judged at overall
unclear risk.

Data Extraction

Retrieved titles, abstracts, and/or papers were screened
independently by 2 review authors (LAP, JP) to identify studies
that met the inclusion criteria. Disagreements were resolved
between reviewers through discussion. A standardized form
was used for data extraction using Excel. Details of the RCT
characteristics, included participants, the intervention, and
comparator. Data extraction was carried out by reviewer LP and
checked for accuracy by reviewer JP. Missing data were
requested from study authors.

http://www jmirorg/2016/10/e259/
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RenderX

Outcome Measurement Assessment

When undertaking a systematic review, it is essential that the
quality of the outcome measures used in each study is assessed
in order to ensure that the results of the study are valid and
reliable. In order to do this, three clear domains need to be
considered for each of the outcome measures used: (1) whether
the psychometric properties of the scale have been assessed
previously [32], (2) whether the clinimetric properties of the
scale have been considered [33-37], specifically the Minimally
Clinically Important Difference (MCID) [36], and (3) whether
the design and analysis of the measurement scale fulfils the
requirements of measurement theory [38-40].

‘We identified all the outcome measures (N=19) used in the 11
trials and reviewed each individually to assess whether they
fulfilled the first two domains outlined above. The outcome
measures were:

*  The Rivermead Mobility Index (RMI)

* 10 Meter Walk Test (10MWT)

*  Nottingham Activities of Daily Living Index (ADL)

*  The Barthel Index (BI)

*  The Berg Balance Scale (BBS)

* 6 Minute Walk Test (6MWT)

*  Functional Ambulatory Category (FAC)

*  Timed Up and Go Test (TUG)

*  Emory Functional Ambulation Profile (EFAP)

*  Short Physical Performance Battery (SPPB)

*  Performance-Oriented Mobility Assessment (POMA)

*  Motricity Index (MI)

*  Average Daily Walking Time

*  Fastest Safe 15-meter Walking Speed

*  Changes in Walking Duration

*  Step Numbers

* Daily Walking Activities with an average cadence of
walking events (bouts)

*  Stroke Impact Scale (SIS)

«  Stroke Self-Efficacy Questionnaire (SEQ)

This was established by reviewing the literature on each of the
measuring scales. We then examined each measurement scale
to establish how the data were scored and how data collected
were subsequently analyzed within the results section of each
trial.

T Med Internet Res 2016 |vol. 18 | iss. 10259 | p.3
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We classified the measures against the three domains within
the World Health Organization ICF, as the aim of this review
was to assess the effectiveness of lower-limb wearable
technology for improving activity and participation. We wanted
to exclude any measurements of “body structures™ (impairment)
such as the Fugl-Meyer assessment or the Ashworth scale. All
19 outcome measures included were measures of “activity” and
2 were measure of “participation” as classified by the ICF [23].

Data Synthesis

We have presented a narrative overview of the included RCTs
with supporting evidence tables and text. A meta-analysis was
not undertaken.

Results

Search Results

The electronic searches identified 940 citations following
de-duplication. No additional citations were identified through
reference searches/other sources. We excluded 780 citations at

Table 2. Risk of bias summary.

Powell et al

the title and 128 at abstract stage. We then obtained 32 citations
as full-text articles. Of these, 21 were excluded at the full-text
stage; details of these excluded studies with the reason for
exclusion are shown in Multimedia Appendix 2 [41-59]. Eleven
RCTs reported across 11 publications were included in the
review (see Figure 1).

Quality Assessment

Full details from the Cochrane risk of bias assessment are
presented in Multimedia Appendix 3. A summary of the risk of
bias assessment is presented in Table 2, and a summary of the
outcome measurement quality assessment can be found in
Multimedia Appendix 4.

Seven of the 11 included RCTs were considered to be at overall
high risk of bias [60-66]. Six of these were judged to be at high
risk of an attrition bias [60-63,65,66], and two reported that the
outcome assessment was not blinded [64,66]. The remaining
three RCTs were considered to be at overall unclear risk of bias.
None of the included RCTs were considered to be at high risk
for the concealment of allocation domain.

Random Allocation Blinding of Blinding of Incomplete Selective Overall
sequence concealment participants and  outcome outcome data reporting
generation personnel assessment
Bauer, 2015 Low risk Low risk High risk Low risk High risk Low risk High risk
[60]
Bradley, 1998 Unclear Unclear Unclear Unclear High risk Unclear High risk
[61]
Dorsch, 2015 Low risk Unclear Unclear Low risk High risk Low risk High risk
[62]
Intiso, 1994 Unclear Unclear Unclear Low risk High risk Unclear High risk
[63]
Mansfield, 2015 Low risk Low risk Unclear Low risk Low risk Low risk Low risk
[67]
Mirelman, 2009 Unclear Unclear High risk Unclear Low risk Unclear Unclear
[68]
Salisbury, 2013 Low risk Low risk Unclear High risk Low risk Unclear High risk
[64]
Shamay, 2009 Low risk Unclear High risk Low risk High risk Unclear High risk
[65]
Solopova, 2011 Unclear Unclear Unclear Unclear Low risk Unclear Unclear
[69]
Stein, 2014 Unclear Unclear Unclear Unclear Low risk Low risk Unclear
[14]
Watanabe, 2014 High risk Unclear High risk High risk High risk Low risk High risk
[66]
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Figure 1. Selection of articles for review.
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Quality Assessment of Measurement Scales

Eight of the 11 [14,60-62,64,66-68] included RCTs used a
combination of ordinal and ratio scales of measurement all with
established psychometric properties; however, it was unclear
what the minimally clinically important difference (MCID) was
for the ratio data. Therefore, the clinical significance of the
findings is difficult to establish. Two papers [63,69] used the
Bartell Index alone, which has been proven not to be a
unidimensional scale. Therefore, the analysis of the data was
inappropriate, putting the findings at risk. One paper [65] used

http://www jmirorg/2016/10/e259/

XSL-FO

RenderX

participation.

1 was a feasibility study with no
available data

Inclusion criteria:

RCT

studies including
interventions that effect gait
following stroke
interventions involving
wearable devices

studies that assess
functional outcomes
Exclusion criteria:

not a wearable device

not aiming to improve gait
following stroke

studies that didn't assess
activity and participation.

ratio levels of measurement, but again the MCID was unclear.
Relative results are not reported in the RCTs.

Discussion

Principal Findings

This review set out to answer the question “What is the
effectiveness of lower-limb wearable technology for improving
activity and participation in adult stroke survivors?” The review
found that there is little evidence in the literature to support the
use of wearable technologies to improve activity and

T Med Internet Res 2016 |vol. 18 | iss. 10259 | p.5
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participation.  Following exclusions, outcome measure
assessment and quality assessment of RCTs, 11 studies were
included (see Table 3).

The interventions used in eight of the 11 RCTs identified made
no significant between-group differences in functional and
participation abilities in adults post stroke. Three of the 11
studies did demonstrate significant between-group differences.
One study that found significant between-group differences
recruited 109 participants [65] comparing TENs together with
a task-related exercise program modified from the training
programs [70] with placebo and exercise and a control with no
active treatment. The study provided evidence that the subjects
receiving this intervention in a home environment had a
significantly greater absolute and percentage increase in gait
velocity and a reduction in timed get up and go scores from
Week 2 onwards.

Another study recruited 60 participants [67] where all
participants wore accelerometers around both ankles and were
randomly assigned to either receive feedback on the
accelerometer data from their physiotherapist or to not receive
feedback. The study provided evidence that providing feedback
to the participants significantly improved their cadence of daily
walking.

The third study recruited 40 participants [60] where all
participants underwent 20 minutes of active leg cycling with or
without FES application to the muscles of the paretic upper leg.
The study provided evidence for the intervention improving
participants gait and balance (measured using the POMA);
however, these improvements were not sustained when
participants were followed up. It could be argued, however, that
the high dropout rate (n=19) could have affected the significance
of the lasting effects of the study.

As described fully in the quality assessment section of this paper,
seven of the 11 included RCTs were considered to be at overall
high risk of bias [66]. However, this does not mean that the
interventions were not effective for improving gait for people
post stroke. A number of conclusions could be drawn from this
result. One may be that interventions that rely heavily on direct
clinical input may not be suitable for this population where
self-managed interventions may be more appropriate.

A number of measurement scales used in the trials were not
incorporated in the outcome data for the review, as they were
not validated scales: the Bobath scale [61], the 5X
Sit-To-Stand-Test [ 14], and the California Functional Evaluation

0 [14]. Of the 11 RCTs included in the review, eight used a
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combination of ordinal and ratio data with proven psychometric
properties; however, the clinicmetric properties were not
described. The lack of evidence, therefore, in eight studies could
have been due to the lack of a clinically meaningful, responsive
outcome measurement scale combined with a potential lack of
statistical power due to small sample sizes. The three studies
that did have significant results used a combination of ordinal
and ratio data with only one study [60] that provided estimates
of MCID together with appropriate anayisis of the FAC data.
While Shamay et al did not consider the clinical meaning or
significance of the change in scores, they did report research
supporting the “practical significance” of the TUG [71], which
found that older adults who were able to complete the TUG task
in less than 20 seconds were more likely to be independent in
the transfer tasks needed for activites of daily living.

The results from this systematic review should be generalized
to a wider stroke population cautiously due to the low
recruitment figures for the majority of the included RCTs.
Observations of lack of efficacy should also be interpreted with
caution, given the uncertainty surrounding the methodological
quality of the existing evidence base. Only a small number of
papers with small sample sizes were able to be included in this
review. Three of the selected studies recruited fewer than 20
participants [61,63,64,72], and only two recruited over 100
participants [62,65]. This could be for a number of reasons
including difficulty to recruit a poststroke population to such
studies. Despite the plethora of research in poststroke gait
research, only 11 RCTs were selected for this review. This could
be due to the difficulty of including complex interventions
within an RCT design.

An RCT aims to control conditions for each arm of the study,
frequently aggregating group data to provide mean values.
However, no stroke is the same, recovery varies across
individuals, and recovery is naturally accelerated soon after the
stroke compared to those who suffered a stroke a long time ago.
These factors coupled with different causes and different types
of stroke, make it very difficult to control each arm of a study.
Therefore, it is difficult to infer if certain interventions improve
functionality post stroke or if other variables are responsible.
Exploring individual change over time particularly when
evaluating novel technologies with complex conditions may
provide more valuable information. It has been suggested [73]
that the integration of a realist evaluation perspective within an
RCT design may be more appropriate and a paradigm shift for
evidence-based medicine where “statistically significant benefits
may be marginal in clinical practice” [74].

T Med Internet Res 2016 | vol. 18 | iss. 10259 | p.6
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Table 3. Study, participant, and intervention characteristics and results.
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Authors, year, country, study  Number recruited (N)  Gender, mean age, L/R®

Intervention length/
frequency

Activity and partic-
ipation outcome
measure(s)

Activity and participa-
tion outcome results
summary and reported
P values

design & final follow-up (0)  hemisphere stroke,
overall and between mean time since stroke
groups

Bauerctal, 2015 [60], Aus- N ()=40 2D 21 opyopd 64511 years

tria, monocentric single- (12), intervention; 19 0R/SL, 42:+45 days

blinded RCT®, active leg cy- (%) control (control), 12M/7F,

cling with (intervention) and 50:14 years, SR/14L,

without (control) FES® 62+43 days (interven-

tion)

Bradley ctal, 1998 [61], UK, N()=23(21);12(12) 12M/I1F, 77/68 yrs
-arm RCT. EMG" biofeed-  intervention, 11(9)  (mild/severe control),

back (intervention) or EMG ~ control 66.6/72.4yrs (mild/se-
biofeedback with EMG vere intervention),
switched off (control) SL/16R, 35.6 days

Dorschetal, 2015 [62], USA,
Phase I11 randomized single-

28%F/72%M , 65.0 £
13.2yrs, 42%R/29%L,

blind parallel group clinical 8.5days [67];

trial, participants wore ac- 31%F/69%M, 61.8 +
celerometers on cach ankle 15.7yrs, 44%R/34%L,
and received speed-only 8days (AF)

feedback [67] or AF

Intiso ctal, 1994 [63], Italy, N (n)=16 (14), 8(8)  9M./TF, 53.5yrs (con-
2-arm RCT, electromyograph-  intervention, 8 (6)  trol), 61.3yrs (interven-

ic feedback and physical ther- ~ control) tion), 9R/7L, 8.3
apy (intervention) or physical months (control), 11.3
therapy only (control) months (intervention)

Mansfield et al, 2015 [67], N (n)=60(57).29  20M/9E, 64yrs,
Canada, single-blind RCT, (29 intervention: 31  11R/I6L/2B, 26 days

accelerometer with (interven-  (28) control (intervention) 16M/12F,
tion) and without (control) 61.5yrs, 13R/13L/2B,
feedback from physiotherapist 23 days (control)

Mirelman et al, 2009 [68], N (n)=18 (18),9(9)  15M/3F, 6lyrs (con-

USA, 2-arm single-blind intervention, 9 (9)  trol), 61.8yrs (interven-
RCT, training with robotic  control) tion), 8R/I0L, 58.2
device coupled with virtual months (control), 37.7
reality training (intervention) months (intervention)
or robotic device alone (con-

trol)

20 mins, 3x/week
over4 weeks. Total of
12 sessions

6 weeks/ 3x/week

Feedback provided
3xfweek, weekend use
of accelerometers was
optional

2 months/60 mins dai-
ly

3-26 days per partici-
pant in each group.
Mode=11 days per
participant

4 weeks/60 mins
3x/week

FACS, 10MWT®

RMI, 10MWT,
Nottingham ADL

FAC

BIM

BBS"

BBS, 6MWT?

The intervention group
increased by a median
of 2 categories for the
FAC and a median of 1
category for the control
group (P=01). No sig-
nificant between-group
differences found for
the LOMWT (P=.65).
Significant between-
group differences found
for the POMAE (P
<001); however, these
differences were not
maintained at follow-up
(P=69)

No significant between-
group differences
(RMI, 10MWT, Not-
ting- ham ADL), al-
though all groups im-
proved in time taken
and step count for the
10MWT and all groups
improved their Notting-
ham ADL scores

No significant between-
group differences found
for the FAC (P=39),
SISL-16 (P=68), 15-M
walking speed (P=.96)
or average daily walk-
ing time (P=54)

No significant between-
group differences (BI),
4/8 participants found
to have significant in-
creased Bl scores

No significant between-
group differences step
numbers (P=39),
changes in walking du-
ration (P=.74), number
of walking bouts

(P=21) or the SEQ®
(P=48). Significant be-
tween-group differ-
ences found for daily
walking activity with
average cadence
(P=01)

No significant between-
group differences
(6MWT), BBS results/
P values not reported
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Authors, year, country, study  Number recruited (N) Intervention length/  Activity and partic- ~ Activity and participa-

Gender, mean age, L/R®

design & final follow-up (n)  hemisphere stroke,  frequency ipation outcome  tion outcome results
overall and between  ean time since stroke measure(s) summary and reported
groups P values

Salisbury ctal,2013[64], N (n)=16 (14).9(8)  6M/IOF, 52.6yrs (con- 12 weeks/20mins 5 FAC, I0MWT (ve- Nosignificant between-

Scotland, 2-arm feasibility  intervention, 7(6) trol), 55.8yrs (interven- days/ week locity & cadence),  group differences ob-
RCT, routine gait reeduca-  control tion), 10R/6L, 69days SIS served (FAC 6 weeks
tion and orthotic device (inter- (control), 51.7 days (in- P=53, 12 weeks P=75;
vention and control) with an- tervention) 10MWT velocity/ca-
Kle foot orthosis (control) or dence 6 weeks P46/
FES (intervention) P=24,12 weeks P=87;
SIS 6 weeks P=1, 12
weeks P=3)
Shamay, 2009 [65], Hong N (n)=109 (101). 29 85M/24F, 56.5yrs, 4 weeks/TENS: 60 q\wT, TUGS ~ Compared to all other
Kong, 4-arm placebo RCT, 1. (27) control, 28 (25)  57.8yrs (TENS+Ex),  mins electrical stimu- ! groups, TENS+Ex
transcutancous electrical TENS, 25 (23) place-  56.9yrs (placebo stimu-  lation, TENS+Ex & group showed signifi-
nerve stimulation [23, 2. posgxt, 27 (26) lation+Ex), 55.5yrs  placebo stimulation + cant decreased TUG re-
TENS%Exercise, 3. Placebo  TENS+Ex (control), 10%R/18%L Ex 60 mins of Ex then sults (P=01) when
stimulation+exercise, 4. con- [23], 10%R/17%L 60 mins clectrical or compared to the control
Pm————_ (TENS+Ex), placebo stimulation. and TENS group, they
ment)— home-based program 12%L/13%R (placebo  Subjects attended 8 cov- ered more distance
stimulation+Ex), instruction sessions during the 6MWT (P
9%L/20%R (control), prior to data collection <o1)

49yrs [23], 4.Tyrs
(TENS+Ex), 4.3yrs
(placebo stimula-
tion+Ex), Syrs (control)

Solopova ctal, 2011 [69], N (n)=61 (61). 32in- 33M/28F, 64=18yrs, 2 wecks/30mins 5 BI No significant between-
Russia, 2-arm RCT, conven-  tervention, 29 control  19R/42L,9.3+4.5 days ~ days per week group differences, Sig-
tional therapy and FES com- (control), 8.2+4.3 days nificant improvements
bined with progressive limb (intervention) after the intervention in
loading (intervention) or con- the experimental group
ventional therapy only (con- were observed (BI P
trol) <.03)

Stein etal, 2014 [14], USA, N ()=12(10),12(10) 58%M (control), 83%M 6 weeks/60 mins 3 BBS, 6MWT, BBS scores favored the
2-arm RCT, exercise group  intervention, 12 (10)  (intervention), 57.6yrs  days per week TUG, 10MWT, intervention group and
therapy (control) or experi-  control) (control), 56.6yrs (inter- EFAP the EFAP scores fa-
mental robotic therapy (inter- vention), L/R stroke not vored the control group.
vention). reported, 88.5 months No statistically signifi-
(control), 49.1 months cant between-group dif-
(intervention) ferences observed
(BBS, 6MWT, TUG,
10MWT, EFAP)
Watanabe ctal, 2014 [66], N (m)=32(22).17(11) 1IM/IIF,75.6+13.9 4 wecks/1220-min  6MWT, FAC, No significant between-
Japan, 2-arm RCT single leg  intervention, 15 (11)  (control), 67.06168  sessions TUG, SPPBY group differences were
Version of HALY (interven- _ control (intervention), observed (6MWT,
Hom) o onventionsl gait 1R/IL, 50.6+33.8 TUG, FAC, SPPB). In-
training (control). days (control), tervention group im-
58.9446.5 days (inter- proved more than the
vention) control group (FAC
P=04)
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L/R/B: left/right/both hemisphere stroke.
PRCT: randomized controlled trial.

FES: functional electrical stimulation.

IM/F: male/female.

“FAC: functional ambulatory category.
TLOMWT: 10 Meter Walk Test.

EPOMA: Performance-Oriented Mobility Assessment.
PEMG: electromyography.

'RML: Rivermead Mobility Index.

JADL: activities of daily living.

KAF: augmented feedback.

ISIS: Stroke Impact Scale.

™BI: Barthel Index.

"BBS: Berg Balance Scale.

°SEQ: Stroke Self-Efficacy Questionnaire.
PSMWT: 6 Minute Walk Test.

9TENS: transcutancous clectrical nerve stimulation.
"Ex: exercise.

$TUG: Timed Up and Go Test.

'EFAP: Emory Functional Ambulation Profile.
UHAL: Hybrid Assistive Limb.

VSPPB: Short Physical Performance Battery.

The results of the RCTs were not combined for a meta-analysis
due to the varied types and quality of data collected for the
primary outcome measures. It would also be difficult to compare
primary outcomes across RCTs accurately as there were a wide
variety of functional and participation outcome measures used
across the 11 RCTs, some of which lacked validity as a measure
of activity and participation.

Evidence exists supporting the need for task specificity,
intensity, and repetition of motor skills in order to promote
neuroplasticity and motor relearning; however, seven of the
interventions in this review of RCTs were reliant on staff
presence. This automatically eliminates the ability of stroke
survivors to self-manage their rehabilitation, increasing both
intensity and repetition within a task-specific environment.

This review included 550 participants at baseline and 474
participants at final follow-up, 260 from two studies alone
[62,65]. Stroke severity can affect the rate by which individuals
recover from a stroke and how they may or may not respond to
interventions. Only two [61] of 11 papers in this review reported
the stroke severity of their participants. Perhaps the severity
was low and therefore it was difficult to infer a significant
improvement of function. One paper [65] reported clinically

Acknowledgments
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and statistically significant results for the use of lower-limb
wearable technologies with rehabilitation, although the
technology was TENS, a technology that may not support a
self-management paradigm and is not always tolerated by stroke
survivors.

Perhaps future research should consider larger sample sizes,
with valid, reliable, and responsive measurement tools ensuring
clarity when reporting outcomes. Population descriptors should
be used when exploring technology enhanced self-management
models of poststroke rehabilitation. Outcome measures should
be chosen only if they have psychometric or clinimetric
properties reported. Where possible, individuals® change over
time should be captured and analyzed to ensure we begin to
understand what works for whom and in what respect [75].

Conclusion

This review found that there is little evidence in the literature
to support the use of wearable technologies to improve activity
and participation following a stroke. However, this review has
highlighted a number of reasons for a lack of significant findings
including low sample sizes, the appropriateness of RCT
methodology for complex interventions, a lack of appropriate
analysis of outcome data, and participant stroke severity.
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Multimedia Appendix 1: Medline Search Strategy

8.

9.

. Stroke/ or Stroke.mp.

. CVA.mp.

. poststroke.mp.

. exp Cerebrovascular Disorders/ or Cerebrovascular.mp.

. exp Brain Ischemia/ or Brain Isch?emi$.mp.

. exp Hemorrhage/ or exp Cerebral Hemorrhage/ or H?emorrhage.mp.

.lor2or3ord4or50r6

Technology.mp. or exp Technology/

Technolog$.mp. [mp=title, abstract, original title, name of substance word, subject heading word,

keyword heading word, protocol supplementary concept word, rare disease supplementary concept word,

un

10

11

he

ique identifier]
. ICT.mp.
. IT.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword

ading word, protocol supplementary concept word, rare disease supplementary concept word, unique

identifier]

12

13

. Assistive Technology.mp. or exp Self-Help Devices/

. Assistive Technolog$.mp. [mp=title, abstract, original title, name of substance word, subject heading

word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier]

14

15

16

17

18

19

20

. Telehealth$.mp.

. Telecare.mp.

. exp Rehabilitation/ or Telerehab$.mp.

. Telemed$.mp. or exp Telemedicine/
.8o0r9o0r10o0r1lorl12or13orl14orl5o0rl16or17
. Physio$.mp.

. Physical therap$.mp. or exp Physical Therapy Modalities/
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21. Physiatric$.mp. or exp "Physical and Rehabilitation Medicine"/

22. exp Exercise/ or exp Exercise Therapy/ or exp Exercise Movement Techniques/ or Exercise.mp.
23. Biofeedback.mp.

24. Feedback.mp. or exp Feedback/ or exp Feedback, Sensory/

25. Advi$.mp.

26. Result$.mp.

27. eval$.mp.

28. observ$.mp.

29. assess$.mp.

30. Inform$.mp.

31.19 or 20 or 21 or 22

32. 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30

33. Rehab$.mp. or exp Rehabilitation/

34. Train$.mp.

35. Therap$.mp.

36. Treat$.mp.

37. Motor re-learn$.mp. or exp Motor Skills/

38. Re-educat$.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier]

39. Re-learn$.mp.

40. Recovery enhance$.mp.

41. Promote$.mp.

42. Support$.mp.

43. Function$.mp.

44, Activit$.mp.

45. Physical$.mp.

46. 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45




image21.jpeg
47.

48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Gait$.mp. or exp Gait Disorders, Neurologic/ or exp Gait/ or exp Gait Ataxia/ or exp Gait Apraxia/

Ambulant$.mp.

exp Walking/ or Walk$.mp.
Locomotion$.mp. or exp Locomotion/
Mobil$.mp.

Move$.mp.

Motion.mp. or exp Motion/

.47 or 48 or 49 or 50 or 51 or 52 or 53

Lower Limb$.mp. or exp Lower Extremity/
Ambulant$.mp.

exp Walking/ or Walk$.mp.
Locomotion$.mp. or exp Locomotion/
Mobil$.mp.

Move$.mp.

Motion.mp. or exp Motion/

55 or 56 or 57 or 58 or 59 or 60 or 61

7 and 18 and 31 and 32 and 46 and 54 and 62

. limit 63 to (english language and humans and randomized controlled trial)
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Multimedia Appendix 2: Papers and reasons for exclusion

Boysen (2009) not technology [58]
Dragin (2014) unobtainable [59]

Gok (2008), Tanaka (2012), Peurala (2005, 2009), Maple (2008), Tong (2006), Lau (2012), Hidler (2009),

Lewek (2009), Ochi 2015, Schwartz (2009) and Van Nunen (2015) not wearable technology [32,60-70]
Peurala (2005) not RCT [71]
Kunkel (2013) feasibility study with no available data [72]

Mirelman (2010), Kakuda (2013), Paoloni (2009) and Shamay (2007), Jung (2015) doesn't assess activity

and participation [54,73-76].
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Multimedia Appendix 3: Details of Quality Assessment

Across the included RCTs six reported that the randomisation sequence was computer generated [42,44,46-49].
Five of these were therefore judged as low risk of selection bias [42,44,46,47,49] however, the RCT by Watanabe
(2014) reported that odd numbered patients were allocated to the treatment group and even numbered patients
allocated to comparator. This RCT was therefore judged at high risk of bias for this domain. The remaining RCTs
did not report the random sequence generation method and were judged at unclear risk for this domain. Four
RCTs reported that treatment allocation was concealed [9,42,46,49] but only three of these reported an
appropriate method [42,46,49]. These RCTs were therefore judged at low risk of bias for this domain. The
remaining RCTs were all judged as unclear risk.

Two RCTs were reported as single-blind but did not clearly report whether participants or study personnel
were blinded [47,50]. One RCT reported that both participants and therapists were not blinded [48]. One RCT
reported that only the outcome assessment was blind [42]. All four of these RCTs were judged at high risk for this
domain. The remaining RCTs did not report on blinding of participants and personnel. Blinding of the outcome
assessment was reported by six RCTs [42,44,45,47,49], which were all judged as low risk for this domain. Two
RCTs reported that the outcome assessment was not blinded and were therefore judged at high risk of bias
[46,48].

Five of the included RCTs reported that either all participants completed the trial [50,51], or that numbers
lost to follow-up was <20% with numbers balanced across groups and that the analysis was undertaken as
intention-to-treat (ITT) [9,46,49]. These trials were judged at low risk of attrition bias. However, seven RCTs
reported losses to follow up that were not accounted for in the final analysis (not ITT) [42-45,47-49]. These four

RCTs were therefore judged at high risk of attrition bias (see table below for details of above).

Blinding of
Random participants | Blinding of Incomplete
Sequence Allocation and outcome outcome Selective
generation Concealment ersonnel assessment data reportin

Low risk -
Low risk — done by a Low risk — Low risk —
Bauer, computer person not reported as reports a
2015 program involved in assessor study
generated patient blinded protocol

recruitment
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Multimedia Appendix 4: Summary of outcome measurement quality assessment

Activity and

participation Psychometric Clinicmetric
Authors, year, country, outcome properties properties Analysis method
study design measure(s) assessed assessed appropriate
Bauer et.al, 2015, Austria, FAC, POMA, Yes FAC and Yes
monocentric single blinded 10MWT POMA
RCT, active leg cycling with estimate of
(intervention) and without MCID.
(control) FES.
Bradley et. al, 1998, UK, two | RMI, 10MWT, Yes 10 MWT Aggregated data
arm RCT, EMG biofeedback | Nottingham ADL unclear on used with ordinal
(intervention) or EMG MCID scales. Rasch
biofeedback with EMG analysis
switched off (control). undertaken on

RMI

Dorsch et. al, 2015, USA, FAC, SIS-16 Yes No Yes for primary
Phase Ill randomised single | average daily outcomes of
blind parallel group clinical walking time, average daily

trial, participants wore
accelorometers on each
ankle and received speed
only feedback or augmented
feedback.

fastest safe 15-
metre walking
speed.

walking time
(duration) and
fastest safe 15-
metre walking
speed

Intiso et. al, 1994, Italy, two BI unclear MCID, | Aggregated data

arm RCT, electromyographic due to used with ordinal

feedback and physical aggregated scales Bl. Rasch

therapy (intervention) or data analysis showed

physical therapy only Bl is not a

(control). unidimensional
scale (de Morton
2008)

Mansfield et. al, 2015, Changes in Not reported MCID unclear Yes

Canada, single blind RCT, walking duration

accelerometer with and step

(intervention) and without
(control) feedback from
physiotherapist.

numbers, daily
walking activity
with average
cadence and
number of walking
events (bouts),

SEQ.
Mirelman, et. al, 2009, USA, | BBS, 6MWT 6MWT yes 6MWT unclear | Aggregated data
two arm Single blind RCT, MCID used with ordinal
training with robotic device BBS
coupled with virtual reality
training (intervention) or
robotic device alone
(control).
Salisbury, et. al, 2013, FAC, 10MWT 10MWT yes Unclear MCID | Aggregated data
Scotland, two arm feasibility | (velocity & for 10MWT used ordinal SIS.

RCT, routine gait re-

cadence), SIS

Rasch analysis
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education and orthotic
device (intervention and
control) with ankle foot
orthosis (control) or FES
(intervention).

suggests domains
are unidimensional
(Duncan 2003)

Shamay, 2009, Hong Kong, B6MWT, TUG Yes Unclear MCID Yes

four arm placebo RCT, 1. for BMWT and

transcutaneous electrical TUG

nerve stimulation, 2.

TENS+Exercise, 3. Placebo

stimulation+exercise, 4.

control group (no active

treatment) - home based

programme.

Solopova et. al, 2011, Bl Unclear MCID | Aggregated data
Russia, two arm RCT, due to used with ordinal
conventional therapy and aggregated scale Bl. Rasch
FES combined with data analysis showed
progressive limb loading Blis nota
(intervention) or conventional unidimensional
therapy only (control). scale

Stein et. al, 2014, USA, two BBS, 6MWT, 6MWT, 10 MWT Unclear MCID Aggregated data
arm RCT, exercise group TUG, 10MWT, and TUG yes. for all used with ordinal
therapy (control) or EFAP EFAP yes measures scale BBS
experimental robotic therapy

(intervention).

Watanabe et. al, 2014, B6MWT, FAC, 6MWT and TUG Unclear MCID Aggregated data
Japan, two arm RCT single TUG, SPPB yes for 6BMWT, used with ordinal
leg version of HAL FAC yes TUG and scales.
(intervention) or conventional SPPB

gait training (control).
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Abstract

Background: Attention-deficit/hyperactivity disorder (ADHD) is a complex highly comorbid disorder, which can have a huge
impact on those with ADHD, their family, and the community around them. ADHD is currently managed using pharmacological
and nonpharmacological interventions. However, with advances in technology and an increase in the use of mobile apps, managing
ADHD can be augmented using apps specifically designed for this population. However, little is known regarding the suitability
and usability of currently available apps.

Objective: The aim of this study was to explore the suitability of the top 10 listed apps for children and young people with
ADHD and clinicians who work with them. It is hypothesized that mobile apps designed for this population could be more suitably
designed for this population.

Methods: The top 10 listed apps that are specifically targeted toward children and young people with ADHD in the United
Kingdom were identified via the Google Play (n=5) and iTunes store (n=5). Interviews were then undertaken with 5 clinicians
who specialize in treating this population and 5 children and young people with ADHD themselves, to explore their opinions of
the 10 apps identified and what they believe the key components are for apps to be suitable for this population.

Results: Five themes emerged from clinician and young people interviews: the accessibility of the technology, the importance
of relating to apps, addressing ADHD symptoms and related difficulties, age appropriateness, and app interaction. Three additional
themes emerged from the clinician interviews alone: monitoring symptoms, side effects and app effect on relationships, and the
impact of common comorbid conditions. The characteristics of the apps did not appear to match well with the views of our sample.

Conclusions: These findings suggest that the apps may not be suitable in meeting the complex needs associated with this
condition. Further research is required to explore the value of apps for children and young people with ADHD and their families
and, in particular, any positive role for apps in the management of ADHD in this age group. A systematic review on how technology
can be used to engage this population and how it can be used to help them would be a useful way forward. This could be the
platform to begin exploring the use of apps further.

(JMIR Mhealth Uhealth 2017;5(10):e145) doi:10.2196/mhealth.7371
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Introduction

ADHD, Technology, and Mobile Apps

Attention-deficit/hyperactivity ~ disorder (ADHD) is a
neurodevelopmental disorder characterized by three core
symptoms: inattention, impulsivity, and hyperactivity, which
can have a profound impact on the individual, their family, and
their community [1-3]. It is a highly comorbid [4-6] chronic
disorder and has a prevalence of 3% to 5% in school-age
children worldwide [7]. Furthermore, 80% to 85% of these
children will continue to be impaired by their ADHD symptoms
as adolescents and 60% as adults [2,8-16]. Indeed, the presence
of ADHD increases the risk of premature death [17]. Those
whose ADHD persists into adulthood are more likely to engage
in criminality and substance abuse [11,18,19]. Globally, ADHD
management involves a combination of nonpharmacological
and pharmacological interventions [20-22]. In mild to moderate
cases, behavioral interventions such as psychoeducation and
cognitive behavioral therapy are used alone, whereas in more
severe cases, it is recommended that both pharmacological and
nonpharmacological approaches are used concurrently [20,21].
Currently, the resources available to the service provider may
limit interventions. Therefore, interventions that can offer
support with minimal input from the clinic or school and can
be generalizable would be highly desirable. Contemporary forms
of engaging children and young people, such as the use of
technology, could have potential in facilitating greater
self-awareness, improving self-management skills or
management for carers, and managing the condition into
adulthood [23].

Xuetal reviewed 19 studies assessing technology use in students
with ADHD in the age group of 4 to 19 years. The authors
concluded that as yet there is very little evidence to support the
effectiveness of such interventions [24]. Another recent review
of what the authors describe as the most representative studies
of the past decade assessed the findings of research that
investigated the use of varying technologies with young people
diagnosed with ADHD [25]. Studies included involved the use
of a handheld device to help organize daily activities [26] or
self-monitor symptoms [27], software to improve reading speed
[28], and games to improve mathematical ability [29]. The
success of these technologies was measured in a number of
ways, including observational data [26-29], the Behavioral
Assessment of Dysexecutive syndrome [26], qualitative
interviews [26], reading speed, and time to complete assignments
[28]. The authors concluded that they believe technology can
enhance the leaming of people with attention difficulties;
however, the evidence base for this remains limited.

Another study looked at a computer mission game that aims to
promote behavioral learning and organization of daily skills
such as time management and planning or organizing [30].
Children played the game either 3 or 8 times a fortnight. A user
satisfaction survey showed that between-group differences for
game satisfaction were not observed, but children did enjoy the
game and reported learning from it [30].

Technology has also been used by clinicians to aid diagnosis
of ADHD and to monitor outcomes. For example, the quantified

hitp://mhealth jmir.org/2017/10/¢145/
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behavior (Qb) Test uses the Continuous Performance Test to
produce a visual graph of the three core ADHD symptoms [31]
and has been used to assist with the diagnosis of ADHD [32].
The primary outcomes of this study are time to diagnosis and
diagnosis accuracy. The secondary outcome measures are
clinician’s diagnostic confidence and routine clinical outcome
measures. The authors are also conducting a qualitative
assessment of the feasibility and acceptability of incorporating
the QbTest into routine practice. A Web-based technology,
Health Tracker, has also been used for parents, children, and
professionals to track the long-term outcomes of children and
young people with ADHD to enable more effective treatments
and a more efficient service delivery [33].

The use of mobile phones and mobile devices has risen
dramatically over recent years. Indeed, a UK report cofunded
by the European Union found that 93% of children and
adolescents aged 9 to 16 years in the United Kingdom access
the Internet at least weekly and over half of these do so via
mobile devices such as mobile phones [34]. As aresult, mobile
apps are also increasingly popular, and there has been some
success in using them to engage children or young people with
ADHD. These apps can include games, information about
ADHD diagnosis and ADHD treatment, various ADHD tests,
task managements, and reminders [35]. These attempts often
incorporate reward [36-38], bright colors, and varied visual
stimuli [37,39-43]. Examples include using apps said to monitor
behavior in ADHD [41], improve behavior [44], improve
organization skills [39,43] address medication compliance
[36,45], improve reading motivation and summarization [40],
and improve cognition through the use of games [37].

Currently available research evaluating apps for children and
young people with ADHD comprises single case studies [37],
technology development reports [36,42], and small sample sizes
[36,37,40,42-44]. The conclusions drawn by these evaluation
attempts of these apps include benefits for children and young
people with ADHD, such as the app can improve organization
and time management, reduce conflicts with parents during
morning routines [43], and improve academic improvement
[37] and ontask behaviors [44]. These claims are based on small
sample sizes 0f2, 1, and 8, respectively. Each evaluation method
varied, and there was little consistency in the way apps were
assessed.

Although an increasing number of apps are being promoted for
use by or with [46] individuals with ADHD, there is still little
guidance to support the reliability, validity [35], and suitability
of currently available apps. There are few rules and regulations
around what apps are suitable and for whom. In England, a
review of the National Health Service (NHS) Choices apps
library was principally focused on three components: (1)
compliance with the Data Protection Act, (2) evidence of
efficacy, and (3) relevance to British individuals. Many
identified apps did not have an evidence base, and it was shown
that privacy and data security was not suitable [46]. Within a
week, the library was gone.

The concept of the use of apps to manage ADHD in children
and young people is in its infancy. The research base is thin and
is hugely outweighed by the number of apps available, thus
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suggesting that available apps are often not evidenced-based
[35] and may not be suitable for their complex target population.
Therefore, this study aims to identify and evaluate currently
available apps that are aimed at this population by gaining the
opinions of children and young people with ADHD and
specialist clinicians. These opinions will be used to ascertain
what they believe would make an app suitable for this
population. It is hypothesized that the selected apps will not be
suitable for this population, as apps generally have a thin or no
evidence base, and this complex population has very specific
needs.

Methodology

This research involved initially the identification of the top 10
listed apps aimed at children and young people diagnosed with
ADHD. The apps were identified as top 10, which was deemed
as a reasonable and manageable figure [47,48] as there is a
limited number of apps a consumer will search for. The authors
believe that the top 10 apps will be viewed as the best 10 apps
as they are the top 10 apps for a reason. Subsequently, young
people with ADHD tested the apps, and they were then
interviewed to ascertain their views on the apps and to explore
what they believed the key components are for apps to be helpful
for them. Clinicians were also interviewed to explore their
insights into how to make apps successful for this population.

Research Question

Are the top 10 listed apps specifically designed and marketed
for children and young people with ADHD suitable, and what
are the key components for apps to be suitable for this
population?

Methods

Search and Identification of Mobile Apps

In June 2016, a search of mobile apps in the Apple iTunes store
and the Android Google Play store in the United Kingdom was
conducted. iTunes and Google Play were chosen, as they are
the two largest and most popular app stores [49]. Apps for iPads
and tablets were reviewed rather than phones, as apps are
available on phone and tablet devices. For this study, apps

Textbox 1. Inclusion and exclusion criteria of apps.
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available on tablets have been reviewed as they are easier to
discuss with children, young people, and clinicians. These
databases were selected as they display systematically organized
app rankings defined by algorithms unique to each app store,
commonly known as app store optimization (ASO). For Apple,
the primary factor is the number of downloads; however, there
are also many other secondary factors such as keywords and
visuals [50]. Similarly, the Android database is filtered according
to multiple criteria, including the volume of ratings, value of
ratings, and download growth [51]. Although this gives rise to
potential bias, as apps are selected according to the database’s
own ASO, it is to some extent unavoidable unless all of the
search results are downloaded for testing [48]. Where the authors
do acknowledge that other app stores such as Amazon,
Windows, and Blackberry do exist, currently, these do not have
enough of a market share to be considered.

The search term we used was “ADHD.” This is because other
search terms such as “ADD,” “children,” and “Young people”
did not provide different results to the “ADHD” searches. The
term “ADHD” was searched in both of the listed app stores.

Preliminary screening was conducted based on app titles, full
marketing description, and screenshots of the apps potentially
relevant for inclusion. The first five apps that fit the inclusion
criteria (Textbox 1) were included from each app store, giving
a total of 10 apps for inclusion.

Duplicate apps were then removed (see Figure 1). This was
applicable if there was more than one version of an app. It was
decided that the app version to be included was the app that
appeared first on the app store list.

The five apps from iTunes that fit the inclusion criteria were
downloaded onto an Apple iPad mini (model: A1489), and the
five apps from Google Play were downloaded to a Samsung
device (model: GT-P5220). The app contents were summarized
by 2 members of the team (LP and NR). The apps were simply
summarized into a tabular format to help assist clinician
participants  during the semistructured interviews (see
Multimedia Appendix 1). Tables 1 and 2 also give a brief
overview of the apps claims. Multimedia Appendix 1 was given
to clinicians during interviews for their information.

Inclusion criteria

«+  States aimed at attention-deficit/hyperactivity disorder (ADHD)

+ Mobile app
+  App is available in the English language

Exclusion criteria

+ Does not state that app is aimed at ADHD or ADD

+ Notamobile app
+ Not available in the English language

+  Duplicate app

+  The user is a child or young person with ADHD or attention deficit disorder (ADD)

+ Not targeted at the child or young person with ADHD or ADD (eg, targeted at parents or clinicians only)
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Figure 1. App selection process. The number of apps screened is the number of apps that had to be screened before identifying five apps for cach
database that fit the inclusion criteria. Eight apps were duplicated across both databases; therefore 144 apps were screened before the final ten were

selected.

removed
(n=44)

Apps remaining after duplicates

!

Apps screened
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Participants and Recruitment

A convenience sample of 5 clinicians and 5 children and young
people were invited to take part. Children and young people
were recruited via a Family Action group (a national charity
that provides support for families) and a Web-based ADHD
community group. Clinicians were recruited via the NHS (Child
and Adolescent Mental Health Service and a Pediatric
Neurodisability Service in the South Yorkshire region). Four
clinicians were medical staff and one a specialist nurse.
Participants were recruited until data [52] were achieved.
Eligibility criteria for clinicians were that they had to be
employed by a service that treats children and young people
with ADHD and to specialize in treating this population
themselves. Eligibility criteria for the children and young people
were (1) must have a confirmed ADHD diagnosis and (2) must
be in the age group of 6 to 17 years.

Procedure

The study received ethical approval from the University of
Sheffield’s School of Health and Related Research Ethics
Committee (references 007880, 010768).

Clinicians were approached via email. A University of Sheffield
researcher visited a group for parents of children with ADHD.
Parents are referred to this group by NHS clinicians when their
child receives a diagnosis of ADHD. The researcher explained
the study to the parents and the parents discussed it with their
children at home. Age-appropriate information sheets were also
provided for the parents to give to their children. If their child
wanted to take part in the study, the parent either contacted the
researcher on their behalf or, with permission the researcher,
contacted the parent to discuss and arrange an interview
appointment. Ten separate semistructured interviews took place
in the Sheffield region and were held in locations convenient
to the participants (either NHS clinic for clinicians or home for

hitp://mhealth jmir.org/2017/10/e145/

XSL-FO

RenderX

the young people) from June to July 2016 for the clinicians and
from October to November 2016 for the young people.
Interviews lasted up to 60 min with the clinicians and up to 45
minutes with the child or young people.

Before the interviews, the clinicians provided written informed
consent. Children and young people provided written assent
and their parents consented on their behalf.

Information about the study was sent to all participants at least
1 week before interviews took place. At the beginning of each
interview, the study was explained to the participants and
questions were answered.

Clinicians were presented with all 10 apps identified. As two
of the 10 apps were aimed at a younger age group (3-7 years)
and all children or young people interviewed were over the age
of 7 years, they were given eight apps to review. Participants
were given the opportunity to use the apps themselves during
the interview. Interview discussions occurred after participants
examined each app. These discussions were guided by an
interview schedule covering their views in four key areas:

+ What makes a successful app?

+ What doesn’t make a successful app?

+ How could an app function benefit this population

+ How could apps help manage ADHD or address difficulties
in young people

The two groups provided two unique perspectives: a user
perspective and a clinical perspective. Participants also
completed a short questionnaire on their demographic
characteristics.

Data Analysis

All interviews were audio-recorded and transcribed verbatim.
Thematic analysis [53] was used to search for data patterns
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within and across the participant groups. LP and JP
independently identified codes and themes from the transcripts.
Discrepancies were resolved through group discussion in an
iterative fashion between authors. Themes identified aimed to
capture the essence of the participants’ views.

Additionally, participants identified characteristics they believe
apps should include if they are to be suitable for this population.
These characteristics are presented in Table 3 and are accounted
for within the qualitative analysis. Authors tabulated these
characteristics and assessed each of the 10 apps. They
documented how many of these characteristics identified by
participants were present in the apps assessed in this study.

Table 1. Characteristics of the apps downloaded from iTunes.

Powell et al

Results

ADHD: Is There an App for That?

Five apps were identified from Google Play and five from
iTunes in July 2016. Tables 1 and 2 describe the claims the apps
make within their individual descriptions and their contents.
Table 3 demonstrates the app characteristics identified by
participants during semistructured interviews and which apps
possessed these characteristics. These characteristics are
accounted for within the themes that emerged from the
qualitative analysis and were discussed and agreed by
participants.

App  App claims How apps meet their claims
1 Improves attention, concentration, focus, perceptual reasoning, aca- Games to improve cognition
demic performance, and inhibition impairments
2 Improves self-control, reduces hyperactivity, improves attention,  Mindfulness training
concentration, and focus
3 Improvesself-control, reduces hyperactivity, and improves attention, Mindfulness training
concentration, and focus
4 Improves attention, concentration, and focus Different version of same game involves responding to stimuli as
quickly as possible.
5 Improves academic performance Games and lessons (for user to watch)

Table 2. Characteristics of the apps downloaded from Google Play apps.

App  App claims How apps meet their claims

& e R wd Govides SRIRABH WboG ADEDP Memory games, different levels, ADHD key concepts quiz. Dialogues
with a cartoon character, links provided with ADHD information

7 Improvesattention, concentration, and focus, and addresses memory  Three games (find all objects, find numbers, reaction times), 4 memory
games

8 Visualize time moving On-screen moving timer

9 Improves academic performance Improve reading speed: different ways of presenting text, books for
different reading abilities, comprehension quiz on text previously read

10 Provides motivation Talking fitness avatar, games involving physical activity

2ADHD: attention-deficit/hyperactivity disorder.
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Table 3. Summary of what makes an app suitable for a child or young person with attention-deficit/hyperactivity disorder (ADHD; left column),
according to the children and young people with ADHD and the clinicians interviewed in this study and which apps identified in this study include these
characteristics. Authors have examined cach app against the criteria identified by participants and scored the apps out of 8 to highlight how they, mostly,
are not in line with the needs of their target audience.

Characteristics identified by participants  iTunes Google Play
likely to be posit
fE ey g be RORIEYS Appl App2  App3  App4  AppS  App6  App7 AppS App9 Appl0

Visually pleasing (ie, includes bright Yes  Yes No Yes No Yes No  Yes No  Yes
colors)
Allows personalization so user can relate No  No No No No No No No No  Yes,
to app change
avatar’s
clothes
Plays music Yes  Yes, Yes, No Briefly  Yes No No No No
relaxation  relaxation in some
sections,
not all
Provides audio feedback (ie, makesa  Yes  No No Yes,pig  Onlyin  Yes No No No Yes
sound when user interacts with app) snortsat  some

acomect  sections

response
Involves instant reward No No No No No Yes, No No No Yes,
collect user
coins, gains
different points
levels

Is interactive Yes, No No Yes No Yes No Yes No No
games

Involves symptom monitoring component No ~ No No No No No No No No No

or ADHD"-related monitoring component

(cg, dict)

Involves component that encourages No No No No No No No No No No

healthy relationships with others

App score (out of 8) 4 2 1 3 2 5 0 2 0 4

2ADHD: attention-deficit/hyperactivity disorder.
Table 4. Demographic characteristics of young people.

UniqueID  Age,inyears  Gender  Length of ADHD® Other diagnoses Current prescribed ADHD Medicated
droiislens, medication during
months) interview?

vpib 10 Male 111 Autism spectrum disorder (ASD) Concerta XL, melatonin Yes

YP2 13 Female 0,7 ASD, anxiety Equasym XL No

YP3 9 Male 6,5 ASD None No

YP4 8 Male 0,5 Not applicable Equasym XL, Methylphenidate  Yes

Immediate release
YPs 8 Female 1,0 ASD, generalized anxiety disorder, ~ Methylphenidate Immediate ~ No
sensory processing difficulties release
“ADHD: attention-deficit/hyperactivity disorder.
PYP: young person.
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Participant Characteristics

Ten participants, recruited in 2016, were included in this study:
5 clinicians and 5 young people diagnosed with ADHD aged 8
to 13 years (2 female, 3 males). Participant characteristics are
reported in Table 4 (young people) and Table 5 (clinicians).
Four of the five young people provided their ADHD medication
as additional confirmation of diagnosis. One participant was
not medicated. Four out of the five young people were recruited
via an ADHD parent group in Sheffield. Parents were only
referred to this group if their child was diagnosed with ADHD.

Powell et al

Data were collected until data saturation was reached.
Transcripts were available for all 10 interviews. During analysis,
agreement between the 2 primary coders was high. Seven themes
were identified in total (see Figure 2). Where similarities
between children or young people and clinician views emerged,
from the data, they are combined and discussed under the same
themes. These themes are identified, compared, and discussed
below with illustrative quotations.

Table 5. Demographic characteristics of clinicians demonstrating a total of more than 57 years of experience working with children and young people

with attention-deficit/hyperactivity disorder (ADHD).

UniqueID  Gender  Length of time working with population (years) ~ Current job title
HCP1® Male 4 Specialist registrar in Child and Adolescent Mental Health Service
HCP2 Female 11 Consultant child and adolescent psychiatrist

HCP3 Female 22 Community mental health nurse

HCP4 Female 15 Associate specialist in pediatric neurodisability

HCP5 Female 5 Consultant child and adolescent psychiatrist

“HCP: health care professional.

Figure 2. Summary of themes that emerged from the data and which participant perspectives they represent.

Themes

Eight themes emerged from the data and are presented below
with supporting quotations. They cover views specifically
expressed by clinicians, which include the following: that apps
could be used to monitor symptoms of children and young
people with ADHD, apps could have both a positive and a
negative effect on the relationships of child or young person
with ADHD with others, and the impact of common comorbid
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conditions. Other themes expressed the views of both the
clinicians and the children or young people. These themes
involve discussion around accessibility issues of the technology,
how important it is that apps consider ADHD symptoms and
related difficulties, they should be age appropriate, preferably
have an element that can be personalized so that the user can
relate to the app, and similarly, the user should be able to interact
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with the app rather than simply watching a video clip or listening
to audio recordings.

Technology Accessibility

Young people (n=2) and clinicians (n=5) noted that the apps
were not always reliable, as they often did not work properly
or the log-in functions failed. This was a barrier when trying to
engage them with the technology. It was recognized as “silly”
(YP2) that the apps were all only available via iTunes or Google
Play, which was problematic for 2 participants, as they did not
have access to both. The young people also felt that it was a
barrier to pay for apps, as they are not old enough to pay for
them online (n=2). One participant noted that iPads could be
slow and not load quickly enough, which was considered as
“boring” (YP2). One participant noted:

Some didn t register log-ins but that’s just the people
that made it messing up and that. [YP1]

Another participated stated:

...you have to like buy them but that’s annoying cos

they should be free...I haven't even got a credit card.

[YP2]
Clinicians were often skeptical of the claims the app developers
made (n=3) and believed they lacked underpinning evidence
(n=3), as noted below:

...it’s difficult through an app to build a child’s kind
of confidence. [HCP1]

So they are trying to just say that going on an app
makes you less impulsive and reduces your
hyperactivity which I very very much doubt. [HCP4]
...quite bold non evidenced based statements aren't
they. [HCP]

Importance of User Relating to the App

All 5 young people noted a number of points relating to their
wish to relate to the app; audio was important to all participants.
Two young people described one of the voices on the app as a
“robot” (YP1 and YP3) and as having a “creepy voice” that
goes “onand onand on” (YP1); they said they wanted the voice
to have “more expression” (YP1). Young people and clinicians
noted that the apps should be visually attractive (n=10) and
“colorful” (YP2, YP3, and YP4) or “pretty” (YPS5). They liked
the idea of changing some characters in the apps to represent
themselves (n=5) or somebody else such as Justin Bieber, their
favorite pop icon (YP2). Similarly, many of the young people
believed that the character in apps is important (n=

...cos if there were no sound you'd just play something
with no sound and it'll be real boring. [YP3]

..they (app developers) could change the voice a bit
to like a character in like a like someone in a film.
[YP4]

Well his background needs changing to little boys
bedroom... [YP1]

...the trousers you could actually have trackies on like
mine. [YP4]
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Similarly, the clinicians thought that the apps should be fun
(n=3), visually attractive (n=5), use language (n=3) and accents
(n=1) the child can relate to, and incorporate reward (n=1). It
was discussed that relating to an app may not always be a
positive experience for young people. One clinician stated that
one of the apps appeared to be mimicking school, which a child
may negatively relate to. Another clinician stated that a child
might respond to a character on an app telling them what to do
as opposed to a parent or school teacher:

..cos it just feels like being at school...and I think
they ve got to be fun. [HCP3]

..the logo is very important..cos thats what
teenagers will see...people with ADHD aren't going
to read all the details they're going to be very
impulsive arent they and think oh that looks
interesting and bang (download the app). [HCP4]

Addressing Attention-Deficit/Hyperactivity Disorder
(ADHD) Symptoms and Related Difficulties

Young people noted a number of issues that involve addressing
their ADHD symptoms. For example, 2 participants liked the
idea that apps could be used to relax them (ie, assist with their
hyperactivity).

Participants noted that gaining an instant reward such as
“leveling up” or gaining coins during a game made them feel
“happy” (YP2). One participant found apps had the opposite
effect when she was denied rewards, such as leveling up (YPS).
Four participants said it is important that an app contains lots
of variety to keep YPs attention. One participant stated:

..it [the app] should make it so every time you
complete one [game level] you get little coins and
you can buy backgrounds and that. [YP1]

Another participant noted:

1t makes you focus on the pattern so you relax. [YP2]

Similarly, clinicians also believed that reward and variety in
apps are important to engage the user. One clinician believed
that apps for ADHD have the ability to help improve their
memory and inhibition impairments, thus targeting the
impulsivity in ADHD. It was noted that the apps themselves
could be a distraction to other important tasks (n=1):

.if they re rewarded for each activity...they 're going

to engage...cos they ‘re gonna get their dopamine hit
each time. [HCP4]

Age Appropriateness

Young people (n=4) and clinicians (n=5) believed that it is
important for the apps to be age appropriate for the user. Some
participants said that some apps were a bit “babyish,” and some
noted that one of the apps was a bit too old for a child because
of the language used. One participant noted that one of the apps
was describing a scene that was “hard to imagine” (YP1). The
participants noted:

A bit childish, does it say for 13 [years old]? [YP2]
.1 'd rather have it when I'm older: [YP4]
..it doesn t feel as if it’s aimed at kids. [HCP3]
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I think it s very immature, I dunno what the age range
is but it feels like the cartoons I used to watch when
I'was little *laughs*. [HCP5]

App Interaction

Young people stated that apps must be interactive (n=3). They
were less impressed and, at times, frustrated with apps that
involved no interaction but simply listening or watching (n=3).
They wanted to be involved and interact with the app itself, as
noted below:

/

.how I didn't do anything! This app is fake! Its fake!
[the app said he had achieved the next level and he
hadn't done anything]. [YP3]

1 didn't like it seriously, it’s mind controlling! [as
above, the app said she had achieved the next level
and he hadn t done anything]. [YPS]

I would like change it a bit so you can like actually
do something cos and the moment on the writing you
Jjust you don t...do anything... [YP4]

One clinician also noted that the apps should incorporate
learning and make it fun, have a catchy title and app logo, and
a simple description. One person highlighted that ADHD
medication could affect a child’s ability to engage with an app:

Some children who we see with ADHD will be
medicated and some won't and that will affect their
levels of concentration... [HCP2]

The following three themes were considered to be important by
clinicians but not mirrored by the young people:

Monitoring

Clinicians suggested that apps could be used to monitor diet
(n=2), a “mood component” (C1; n=2), and ADHD symptoms
within this population. Some believed they would be useful for
keeping a diary (n=3) of these, and one person believed apps
would be useful to act as ADHD medication reminders:

A child and parent app then the parent can then
monitor [ADHD symptoms]. [HCP1]

1 think something about a diary in terms of perhaps
providing prompts or things that they’ve got going
on that day... [HCP2]

Ithink it's really good to encourage kids with ADHD
to monitor the way they feel. [HCP3]

App Effect on Relationships

One clinician was mindful that the use of apps could prompt
“disharmony” in the home, causing conflict in terms of sharing
with siblings (C2). They were also mindful that a number of
the apps encourage the user to access them daily. This clinician
believed that this could encourage a parent to nag their child to
use the app, causing tension in the home as well:

...it kind of might at some point cause tension and
then, you know disharmony at home and arguments
and things like that, prompting them to try and get
them to do. [HCP2]

Others believed that as one common difficulty in ADHD is
maintaining relationships with friends and family, apps could
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help facilitate these relationships rather than be harmful to them
(n=2):

..err L think relationships with peers would be usefil...
[HCP2]

1 think peer relationships would definitely be one
thing...if you're looking at relationships you could
also mention family relationships as well. [HCP1]

The Impact of Common Comorbid Conditions

Additionally, they highlighted that ADHD is a highly comorbid
condition and the apps don’t always account for this (n=2). One
clinician shared that children with ADHD may have learning
difficulties and be behind academically and that some of the
apps used appeared challenging for the target age even without
the young people having additional needs. One participant stated
that autism spectrum disorders are a common ADHD
comorbidity and that a symptom of ASD can be the inability to
cope with multiple stimuli at once. For example, some of the
apps were very visually “busy” with lots of background noise.
This clinician described this as “sensory overload” (HCP4);
something these users may not always be able to cope with:

..a lot of children as you know with ADHD have got
autism as well and so sometimes things that are
completely too noisy, too bright, unless they pick them,
can be a bit of a problem. [HCP4]

Discussion

Principal Findings

This study identified 10 apps that stated they were aimed at
children and/or young people with ADHD. Five clinicians
working with this population and 5 young people with ADHD
were interviewed. Interviews involved sharing the 10 identified
apps with participants and asking what they think would make
an app suitable for children and young people with ADHD.
Young people stated that technology unreliability can be a
barrier when trying to engage them with the technology; young
people and clinicians believe that the young people want to be
able to relate to an app, clinicians wanted apps to target the
ADHD symptoms of young people, young people and clinicians
wanted apps to provide rewards, and young people wanted to
be able to interact with an app. Additionally, 2 clinicians felt
apps would be useful to monitor ADHD symptoms, diet, and
mood and to improve family and peer relationships.

Conclusions

ADHD is a chronic condition with around 60% going on to have
some symptoms in adult life [2]. Treatment with medication for
ADHD falls significantly during the second decade of life
[54]—a time when many young people with ADHD struggle
with school, family, and peer relationships and risks such as
drug misuse. As with all chronic conditions, empowering
patients to manage their own symptoms is crucial. Multimodal
treatment is recommended for ADHD management [20], but in
most countries, resources for ongoing nonpharmacological
support are often thin.

Individuals with ADHD, and especially those with comorbid
ASD, often enjoy technology and indeed are skilled with its
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use. Many apps are advertised for individuals with ADHD and
their families [36,37,40,42-44], but little is known about their
use and value. In this small study, we aimed to collect the views
of the target group, children and young people with ADHD,
and of clinicians who specialize in management of ADHD on
what qualities they would like to see in an app and for ideas on
when apps could be useful. The young people and clinicians
whose views were sought in this study did not find that the apps
reviewed fully met their expectations. The highest match was
5 out of 8; two apps scored 0 and the mean was 2.3 out of 8.
Young people wanted to enjoy the technology and to use it for
some specific tasks. The clinicians were keen to explore apps
as a way to engage young people, motivate them to manage
their difficulties, and target specific needs for particular young
people.

The perspectives of both the clinicians and the young people
are needed to build up a full picture. It is important to have the
views of clinicians as to whether the apps promote positive
behaviors and target specific needs. The views of the young
people give guidance as to whether they would actually use the
app and whether they found it enjoyable and/or helpful.
Individuals with ADHD show most reliable responses to
frequent positive reward, so this seems to be a prerequisite of
a successful app for the young people themselves.

Both clinicians and their patients wanted apps to be technically
reliable, to relate in some way to the user, to be age appropriate,
and to be interactive. Both were also keen to exploit technology
to help them, including, for example, an app to address ADHD
symptoms in some way. App developers may advertise their
apps to offer what clinicians and young people want, but as yet,
there does not seem to be a real evidence base to help families
and clinicians decide whether or not an app is likely to work
for them. Claims that apps can improve ADHD symptoms need
further exploring. Clinical networks and children, young people,
and families could work with app developers to trial existing
apps and develop new ones.

Clinicians also saw the use of apps as a way of collecting data
from their patients. For example, some young people do not
gain weight on ADHD medications [55]. Anapp could perhaps
be used to remind a young person to eat and to record what, if
anything, they do eat. If a young person is suffering from low
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mood, perhaps an app could be used to record this and share
mood scores with the clinician. It can be extremely difficult for
a young person with ADHD to reliably report their dietary intake
or their mood over time when they attend appointments [56].

The marketplace for app development and specifically app
development in health care continues to expand. It is easy to
see that conflict could exist between the desire to make money
from an app by producing it in a less-than-ideal way and
marketing it quickly and spending time and money researching
the benefits of an app. Indeed, once an app has been purchased,
the developer may move on to the next project, and families
and patients who purchase cheap apps are unlikely to complain
if they do not work well for them.

There is a need for guidelines and standards for app developers,
including a requirement for transparent trials of the usefulness
of the app. Clearly, there is however, a balance between making
these so time consuming and expensive as to deter developers.

To investigate the factors influencing technology acceptance,
a model named the technology acceptance model (TAM)
provides a basis for attitude measures with two technology
acceptance variables: perceived usefulness (PU) and perceived
ease of use (PEU) [57]. PU refers to “the degree to which a
person believes that using a particular system would enhance
his or her job performance.” PEU is defined as “the degree to
which a person believes that using a particular system would
be free from effort.” Research has shown that TAM has been
one of the most influential models in explaining user acceptance
of information technology (IT), and it has gained wide attention
in the IT literature because it includes the psychological
interaction of a user with technology (unpublished data, 2009
[58]). According to TAM, if users perceive a technology as
useful and easy to use, they develop positive attitudes toward
the technology.

Future research is needed on the value of apps for children and
young people with ADHD and their families and, in particular,
any positive role for apps in the management of ADHD in this
age group. A systematic review on how technology can be used
to engage this population and how it can be used to help them
would be a useful way forward. This could be the platform to
begin exploring the use of apps further.
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Abstract

Background: Attention-deficit hyperactivity disorder (ADHD) is a highly comorbid disorder that can impact significantly on
the individual and their family. ADHD is managed via pharmacological and nonpharmacological interventions. Parents also gain
support from parent support groups, which may include chat rooms, as well as face-to-face meetings. With the growth of technology
use over recent years, parents have access to more resources that ever before. A number of mobile apps have been developed to
help parents manage ADHD in their children and young people. Unfortunately many of these apps are not evidence-based, and
little is known of their suitability for the parents or whether they are helpful in ADHD management.

Objective: The aim of this study was to explore the (1) parents’ views of the suitability of the top ten listed apps for parents of
children and young people with ADHD and (2) the views of clinicians that work with them on the suitability and value of the
apps.

Methods: The top 10 listed apps specifically targeted toward the parents of children and young people with ADHD were
identified via the Google Play (n=5) and iTunes store (n=5). Interviews were then undertaken with 7 parents of children or young
people with ADHD and 6 clinicians who specialize in working with this population to explore their opinions of the 10 apps
identified and what they believe the key components are for apps to be suitable and valuable for this population.

Results: Four themes emerged from clinician and parent interviews: (1) the importance of relating to the app, (2) apps that
address ADHD-related difficulties, (3) how the apps can affect family relationships, and (4) apps as an educational tool. Two
additional themes emerged from the clinician interviews alone: monitoring ADHD symptoms and that apps should be practical.
Parents also identified an additional theme: the importance of the technology. Overall, the characteristics of the current top 10
listed apps did not appear to match well to the views of our sample.

Conclusions: Findings suggest that these apps may not fully meet the complex needs of this parent population. Further research
is required to explore the value of apps with this population and how they can be tailored to their very specific needs.

(JMIR Mhealth Uhealth 2017;5(10):e149) doi:10.2196/mhealth.7941

KEYWORDS

attention deficit disorder with hyperactivity; mobile applications; technology

: symptoms: hyperactivity, impulsivity, and inattention, which
Introduction has a profound impact on the individual and their family [1-3].
ADHD in Children and Young People ADHD is highly comorbid [4-6] and has a prevalence of 3% to
5% of school-aged children worldwide [7]. Furthermore, 80%
to 85% of these children continue to be impaired by their ADHD

Attention-deficit hyperactivity disorder (ADHD) is a
neurodevelopmental disorder, characterized by three core
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symptoms as adolescents [1,8-10] and 60% as adults [2]. The
presence of ADHD also increases the risk of premature death
[11-13]. When ADHD persists into adulthood, affected
individuals are more likely to engage in criminality and
substance abuse [14-16]. ADHD also places a large economic
burden on society. In the United Kingdom, in 2010, it was
estimated that ADHD in adolescents alone cost £670 million to
the National Health Service (NHS), social care, and education
resources [17]. The total annual cost of ADHD for children in
the United States is estimated at US $38 to $72 billion [18].
ADHD in children and young people (YP) is also extremely
challenging for parents to manage [3].

Globally, ADHD treatments include pharmacological and
nonpharmacological interventions [19-21]. In less severe cases,
nonpharmacological ~behavioral interventions such as
psychoeducation programs, behavioral interventions, and
cognitive behavioral therapy are used alone, and in more severe
cases, it is recommended that both approaches are used in
parallel [19].

When young people diagnosed with ADHD reach their
adolescent years, they are less likely to take their ADHD
medication reliably and are more likely to disengage from
services [22]. This trend in young people is mirrored across
other services such as diabetes [23] and mental health services
[24-28]. This is problematic for a number of reasons including
the negative effect ADHD symptoms can have on academic
attainment [4,29], which can often result in the young people
having to repeat a school year [30]. Adolescents are more likely
to be expelled from school [31] and spend less time in education
because of truancy than their peers [32]. All of these problems
pose huge challenges for parents.

The Role of Parents in Child and Adolescent ADHD
Management

Parents are under tremendous strain when caring for a child or
YP with ADHD [3]. It is for this reason that the National
Institute for Health and Care Excellence [19] guidelines
recommend that all parents of children and young people
diagnosed with ADHD are invited to attend parent management
groups where they can build up a repertoire of strategies to help
them manage their child’s ADHD and help their child achieve
in life and at school [19].

Emphasis has been placed on the importance of the supportive
role of the parent in ADHD [3,33]. Young people with ADHD
often underreport their ADHD-related difficulties compared
with their parents [34]. Therefore it is important that they have
the support of somebody such as a parent or guardian to assist
with their difficulties, as the young people doesn’t always
appreciate how much difficulty they are having. Indeed, it is
often the case that the parents require support for themselves
s0 that they can provide optimal support for their child with
ADHD. Available parenting interventions for the management
of ADHD in primary school-aged children include an
eight-session parenting behavioral program [35], the New Forest
Parenting Programme [36], 123 Magic [37], and the Triple P
Positive Parenting Program [38]. These programs involve
strategies that cover aspects such as the understanding of ADHD
and the challenging behaviors associated with it, specific
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behavioral strategies that address parent-child interaction, the
use of time-out strategies to reduce problematic behavior, how
to manage child behavior in public, and school and maintenance
issues. Parent groups provide vital support for parents of children
with ADHD and provide the parent with strategies that they can
apply to managing their child’s ADHD outside the group.
However, many of them use paper-based resources which may
not provide instant advice at a time where a parent needs it and
management strategies will usually need reinforcement over
time.

The Role of Technology in ADHD Management

The increasing use and accessibility of the Internet, mobile
phones, and mobile devices offers an additional way to support
parents [39]. Technology could be used for parents to engage
their child in daily activities, monitor their symptoms, or to gain
further advice on how to manage their child’s or young person's
ADHD. A recent qualitative study has demonstrated that parents,
children, young people with ADHD, and health care
professionals appreciate the potential of technology to help with
the ongoing management and monitoring of a child’s ADHD
[40].

There have been a number of apps developed for parents for
this purpose, but thus far, there is little evidence to underpin
them. Some of these apps are designed for the parent and child
to use jointly to enable the parent to monitor their child’s ADHD
symptoms, monitor medication compliance, give parenting
advice for managing a child with ADHD, and also to help with
daily routines such as getting dressed and going to bed. Evidence
includes app development papers such as the WHAAM app that
involves monitoring ADHD behavior in children and data
sharing between parents, teachers, and health care professionals
[41]. One study uses an app and a skin conductance sensor to
measure parental stress by notifying the parent during stressful
times to make them self-aware of their emotions. However, a
number of false-positive alerts were apparent during this study
[42]. Another study used a mobile app to help improve morning
and bedtime routines. Parents reported decreased frustration
levels in this study [43]. Nevertheless, these studies focus on
the development of a single app and contain low sample sizes.
This means we cannot apply these findings to a wider
population.

Furthermore, app quality is not routinely monitored. Once the
app has been bought, there is little feedback on usefulness. There
is also minimal guidance available to demonstrate the reliability,
validity [44], and suitability of available apps. For example, the
British Standards Institution has developed a report outlining a
code of practice recommended when developing a health app
to help ensure it is fit for purpose [45]. This includes, and is not
limited to, acknowledging and catering for the app’s target
audience. Unfortunately, many apps do not adhere to such
guidelines. A review of the NHS Choices apps library was
undertaken in England, and three components were focused
upon: (1) data protection act compliance, (2) efficacy evidence,
and (3) relevance to British people. Many apps that were
identified in this review did not have an evidence base, and it
was shown that privacy and data security arrangements were
often unsuitable [46]. The thin evidence base for apps also
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means that we know very little about what would make an app
suitable for a parent of a child with ADHD.

This study proposes to identify apps aimed at the parents of
children and young people with ADHD and to interview the
parents and specialist clinicians who work with them to explore
what could make an app suitable in terms of appearance, content,
and functionality for the parents of children and young people
with ADHD. This will provide those developing apps for this
population with some key components to consider.

Methods

This research involved the identification of the top 10 listed
apps aimed at the parents and guardians of children and young
people diagnosed with ADHD. Subsequently, the parents tested
the apps, and they were then interviewed to ascertain their views
on the apps and to explore what they believed the key
components are for apps to be helpful for them. Clinicians who
work with children and young people with ADHD and their
parents were also interviewed to explore their insights into how
to make apps successful for this parent population.

Research Question

The research question was as follows: are the 10 top listed apps
that are specifically designed and marketed for the parents of
children and young people with ADHD suitable and what are
the key components for apps to be suitable for this population?

Search and Identification of Mobile Apps

In July 2016, a search of mobile apps in the Apple iTunes store
and the Android Google Play store was conducted. These
databases were selected because they displayed systematically
organized app rankings defined by algorithms unique to each
app store, commonly known as app store optimization (ASO)
47]. For Apple, the primary factor is number of downloads;

excluded if the app was not intended for the parents in any way).
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however there are also many other secondary factors such as
keywords and visuals [48]. Similarly, the Android database is
filtered according to multiple criteria, including the volume of
ratings, value of ratings, and download growth [49]. Although
this presents a potential bias as apps are selected according to
the database’s own ASO, itis to some extent unavoidable unless
all of the search results are downloaded for testing [50], which
was beyond the scope of this study. Apps for iPads and tablets
were reviewed rather than phones, as apps are available on
phone and tablet devices. For this study, apps available on tablets
have been reviewed as they are easier to discuss with parents
and clinicians.

The search term used was “ADHD.” This is because other search
terms such as “ADD,” “children,” “Young people,” and
“parents” did not provide different results to the “ADHD”
searches. The term “ADHD” was searched in both iTunes and
Google Play.

Preliminary screening was conducted based on app titles, full
marketing description, and screenshots of the apps potentially
relevant for inclusion. The first 5 listed apps that met the
inclusion criteria from each app store were included, giving a
total of 10 apps for study (Textboxes 1 and 2).

Duplicate apps were removed (Figure 1). This was applicable
if there was more than one version of an app. It was decided
that the app version to be included was the app that appeared
first on the app store lists.

The remaining 10 apps were downloaded onto an Apple iPad
Mini (Model: A1489) ora Samsung device (Model: GT-P5220),
and their content was summarized by the lead author [18]. The
apps were summarized into a tabular format to help assist
participants during the semistructured interviews (Multimedia
Appendix 1).

Textbox 1. Inclusion criteria of apps. (Please note that some sclected apps were aimed at children and young people with attention-deficit hyperactivity
disorder [ADHD], as well as the parents. These apps were included as long as they specifically stated they were for the parents as well. Apps were only

Inclusion criteria

+ Mobile app
«  App is available in the English language

« Anapp that states it is aimed at a parent of a child or a young person with ADHD or attention deficit disorder

excluded if the app was not intended for the parents in any way).

Texthox 2. Exclusion criteria of apps. (Please note that some selected apps were aimed at children and young people with attention-deficit hyperactivity
disorder [ADHD], as well as the parents. These apps were included as long as they specifically stated they were for the parents as well. Apps were only

Exclusion criteria

+ Not amobile app (g, magazine)
+ Not available in the English language

+  Duplicate app

+ Does not state app is aimed at parent of a child or young people with ADHD
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Figure 1. App selection process.
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Participants

Convenience sampling was adopted to recruit specialist
clinicians who work with children and young people with
ADHD and their families, as well as parents of children and
young people with ADHD. Parents were recruited viaa Family
Action group (a national charity that provides support for
families) and an online ADHD community group. Clinicians
were recruited via the NHS Child and Adolescent Mental Health
Service in the South Yorkshire region. Participants were
recruited until data saturation was achieved. Eligibility criteria
for clinicians were that they had to be employed by a service
that treats children and young people with ADHD.

Eligibility criteria for the parents of the children and young
people with ADHD were as follows: (1) must be a parent of a
young person who has a confirmed ADHD diagnosis and (2)
must be able to provide details of the medication the child is
prescribed.

Procedure

Ten separate semistructured interviews took place in the
Sheffield region. Three interviews with parents involved
interviewing parents jointly. Interviews lasted up to 60 min with
the clinicians, and up to 90 min with the parents. The study
received ethical approval from the University of Sheffield’s
School of Health and Related Research Ethics Committee
(references 010768, 011377), as well as NHS Health Research
Authority and Research and Development approval.

The researcher visited parents at the Family Action parent group
and introduced the study. Parents then either contacted the
researcher, or they requested that the researcher contacted them
at a time convenient to them. Clinicians were approached via
email. Interviews took place at a quiet convenient place with
the clinicians and in the homes with the parents. Before the
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interviews, the clinicians and parents provided written informed
consent.

Information about the study was sent to all participants at least
1 week before the interviews took place. At the beginning of
each interview, the study was explained to the participants and
questions were answered.

Clinicians and parents were presented with all 10 apps identified.
Participants were given the opportunity to use the apps
themselves during the interview. Interview discussions were
guided by an interview schedule covering their views in four
key areas:

*  What makes a successful app?

*  What makes an app less successful or unsuccessful?

*  How could an app function benefit them as parents of young
people with ADHD?

* How could apps for parents help manage ADHD or address
difficulties in young people?

The two groups provided two unique perspectives: a user
perspective and a clinician perspective. Participants also
completed a short questionnaire on their demographic
characteristics. Parents additionally provided details of their
child’s diagnosis and prescribed ADHD medication (where
applicable).

Data Analysis

All interviews were audio-recorded and transcribed verbatim.
Thematic analysis [51] was used to search for data patterns
within and across the participant groups. LP and JP
independently identified codes and themes from the transcripts.
Discrepancies were resolved through group discussion in an
iterative fashion between the authors. Themes identified aimed
to capture the essence of the participant’s views.
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Table 1. Summary of how app developers describe the features of their apps.
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iTuncs apps

App  App claims

Android apps

How apps meet their claims

App  App claims

How apps meet their claims

1 Newsupdates and re-

search about ADHD®
and other conditions.
Increases knowledge.

2 Tochange challenging
daily routines into fun.
Songs to help guide
child to timely efficient
task completion through
consistency, repetition,
thythm, and thyme.

3 Improves self-control,
reduces hyperactivity,
and improves attention,
concentration, and fo-
cus.

4 Tohelpchild improve
dressing skills.

5 Tohelp children and
adults understand AD-
HD and how to manage
X

Condition-specific resource for 6
news, features, and research

Step-by-step directions of daily 7
tasks through songs, monitoring
chart, and coloring book reward

Mindfulness 8

Training

Learn to dress by dressing a cartoon 9
character in order and imitate

Interactive story about a boy anda 10

character with ADHD

To help coordinate parents, care-
givers, and teachers in the follow-
up of children aged under 18 years
with ADHD

Addresses memory
Provides information about ADHD

Monitor ADHD symptoms over
time

Download resources

Gain solutions to problem behav-
fors

Create a visual schedule to support
transition times during the daytime

Manage medication, plan daily
activities, measure treatment re-
sults, self-assessment tools, and
direct doctor and teacher commu-
nication via sister app

Memory games of different levels
and

ADHD key concepts quiz.
Dialogues with a cartoon charac-
ter.

Links provided with ADHD infor-
mation

Links to ADHD info or resources

Sliders to record key times of day,
charts, email charts, and appoint-
ment reminders

Click on problem behavior and
find a suggested solution and pos-
sible approaches.

Related to special education
User can illustrate sequence of

tasks or substeps of a task and can
label images with text

2ADHD: attention-deficit hyperactivity disorder.

Table 2. Demographic characteristics of parents.

UniqueID  Gender Length of child’s ADHD® diagno-  Child's age  Other diagnoses of child Child medicated?
sis (years, months) (years)

Pl B Undergoing ADHD assessment 11 ASD® No

P2 F 4,0 15 Not applicable Yes

P3 F 0,7 13 ASD and anxiety Yes

P4 F 0,7 13 ASD and anxiety Yes

Ps M 1,10 10 ASD Yes

P6 M 0,8 9 ASD No; under assessment
P7 M 0,8 9 ASD No; under assessment

“ADHD: attention-deficit hyperactivity disorder.

°F: female.

©ASD: autism spectrum disorder.
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Table 3. Demographic characteristics of clinicians demonstrating a total of more than 57 years of experience working with children and young people

with attention-deficit hyperactivity disorder (ADHD).

Unique ID Gender Length of time working with population  Current job title
(years)
1 B 6 Consultant child and adolescent psychiatrist
c2 F 12 Consultant child and adolescent psychiatrist
(&} F 0.5 Trainee 2 psychiatry
c4 F 10 Primary mental health worker
cs M 20 Consultant child and adolescent psychiatrist
c6 M 13 Consultant child and adolescent psychiatrist
2C: clinician.
OF: female.
°M: male.

Figure 2. Themes identified during thematic analysis.
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Results

Five apps were identified from Google Play and five from
iTunes in August 2016. Table 1 describes the claims the apps
make within their individual descriptions and their contents.

Participant Characteristics

A total of 13 participants were recruited from February to March
2017 (clinicians) and October to November 2016 (parents).
Participants included 6 clinicians and 7 parents of young people
diagnosed with ADHD. Participant characteristics are reported
in Table 2 (parents) and Table 3 (clinicians). Two of the 7
parents were recruited via an online ADHD parent group in
South Yorkshire. Five of the 7 parents were recruited from an
ADHD parent group in Sheffield. Parents are only referred to
this group if their child was diagnosed or being assessed for
ADHD. All parents were able to provide information regarding
the ADHD medication prescribed to their children, when
applicable.
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Data was collected until data saturation was achieved.
Transcripts were available for all 13 interviews. During analysis,
agreement between the 2 primary coders was high. Seven themes
were identified in total (Figure 2). Where similarities between
parents and clinician views emerged, from the data, they are
combined and discussed under the same themes. These themes
are identified, compared, and discussed below with illustrative
quotations.

Themes Identified by Parents and Clinicians

Importance of Relating to the App

Parents (n=7) and clinicians (n=4) believed it was important to
relate to the app, especially when the app is aimed at both the
parent and the child:

if you could choose who you were, [referring to
avatar in app] she [child] could relate a bit better:
[P1]
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_.that’s an issue already [referring to gender and
race of apps character], it’s not even a boy is it, is it
agirl or a boy? [P1]

Clinicians (n=5) and parents (n=7) believed that apps should
be visually attractive and have an appealing audio component
(clinicians n=4; parents n=5):

1 like quite visual things, I like visual things, I like
stuff that takes 2 minutes, simple. [P1]

Parents also believed that they should be able to alter apps to
suit their own circumstances (n=7). Examples of this involve
dressing a character in an order that is dictated by the parent;
the parent could choose the items of clothing or the songs they
play rather than the app dictating this. In terms of monitoring,
they would like to choose the factors that they monitor rather
than having these dictated by the app as well.

...having the option...at the beginning of being able
to change the colors because he might go oh I can't
putthat on because I don't own a yellow t shirt... [P2]
_like a [different] song every morning,...Michael
Jackson, then Bob Marley, you know [tailoring the
app to] what he [son] likes...if he woke up to
something he likes it would put him in a better frame
of mind [for the rest of the day]... [P7]

Apps Should Target ADHD-Related Difficulties

Parents (n=7) and clinicians (n=6) also believed that the apps
should target difficulties that specifically relate to ADHD, such
as daily routines (clinicians n=3, parents n=7), behavior
management (clinicians n=1), organizational skills (parents
n=2), and to improve their communication with schools
(clinicians n=2, parents n=2).

...if you’ve done that preparatory work [using an app
to learn how to get dressed in the morning] with the
child then hopefully that would make things easier
[for the parents] in the mornings. [health care
professional 2, HCP2]

...theyve got no organizational skills what so ever so
that’s [app targeting organizational skills] really
good. [P1]
Two parents acknowledged that apps have the potential to reduce
their ADHD-related anxieties (parents n=2). One clinician
(HCP1) stated how an app could do this and why it could be
beneficial:

...the parents’ reaction to the behavior...may be based
on...day stress, my boss yelling at me so if I can do
something to bring own my stress levels my response
to the child with ADHD may be different. [HCP1]

Almost all the participants (clinicians n=6, parents n=6) were
able to highlight the benefits of using an app to monitor
ADHD-related difficulties in ADHD:

...might spot trends as to why their behavior became
the way it was. [P2]

..to help you see where your kids struggling I would
say. [P4]
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..good idea because...school can give more
information...because I don't see my child with the
medication so it would be useful if I could see what
the teachers are saying...? [P3]

One parent believed that an app shouldn’t try to slow down a
young person with ADHD but harness their hyperactivity by
having an app that is also fast paced:

...having something that tries to slow em down just
doesn't work. You're better off keeping them in one
place by giving them something that will interact
that's fast. [P5]

App Effect on Family Relationships
Parents and clinicians (clinicians n=3, parents n=3) noted that

apps could be used to improve relationships between the parent
and their child:

.it’s like more bonding time, education for myself
and my son. [P6]

1 like the idea of parent and child working alongside
[using an app]. [HCP1]

...bit of fun between the parent and child cos mornings
and mealtimes and bedtimes can be really stressful
so [the app] takes away some stress and introduces
a bit of relationship building as well. [HCP4]

It was also noted that apps could help address an ADHD
diagnosis and what it means with siblings so that they can learn
about their brother or sister’s condition (clinicians n=2, parents
n=3):

..I think it would be useful to use with siblings [to
explain ADHD to them] as well an’ they could interact
with the game. [HCP2]

Apps as an Educational Tool

Parents and clinicians liked the idea that apps could be used as
an educational tool to leam about ADHD either via the app itself
or via Web resources that are signposted within the apps
(clinicians n=4, parents n=3). Parents also liked that some of
the apps presented ADHD in a positive light (n=4):

...you can't keep going on courses for the rest of your
life. And you can't always get it from a book as you
either have to buy the book or the library doesn 't have
it. [P5]

.being reminded of positive things I also good for
you and the kids self-esteem.... [P3]

Clinicians acknowledged that apps should be culturally relevant
(n=2). For example, one American app provided news stories
that provided information that isn’t always relevant to the United
Kingdom:

...parents may be taking things on board that when
you look into it there’s not much evidence for. Also,
it’s promoting medications of therapies or whatever
their whole healthcare systems structured differently
to ours, which puts a bias on it...And also they have
medication licenses that we don t. [HCP2]
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One clinician stated that app developers should be mindful that
parents also have varying abilities:

..it’s hard for parents to understand exactly what
ADHD means...if you have a parent with...learning
difficulties then its explained in an easy simple to
understand way... [HCP2]

Themes Identified by Clinicians

Apps Should Be Practical

Many of the clinicians stated that parents of children and young
people with ADHD lead busy and often hectic lives. Therefore,
apps should be simple to use and easily integrated into their
daily routines if they are to use them routinely (n=4). One
clinician stated that if apps are visually appealing, then this
would contribute to the ease of use of the product, which is
important. They also believed that many parents may not want
to pay for apps (n=3):

Idon't think the parents have got time for apps...I've
metvery few parents that will have time...most of them
will have a sibling with ADHD or...younger children...
[HCP3]

...if you are if you're a parent ...trying to catch up on
something in a fairly fast way,...I want something that
will be quick... [HCP6]

I wouldn't spend that [as a parent]. [HCP6]

Apps to Monitor ADHD

Clinicians believed that apps could be a good tool to monitor
the ADHD-related difficulties of a child, their symptoms relating
to medication and also to provide reminders such as for
appointments and taking ADHD medication (n=6):

_.if they are able to keep that record [ADHD
monitoring on an app] it may be helpful for the
clinician who is monitoring the young person’s care...
[HCPS]

...the best thing is...it will remind you say at 9 o 'clock
at night and you can record the day. [HCP6; praising
an app that reminds the parents to enter ADHD
symptom information into the app on a daily basis]

Theme Identified by Parents

The Technology

Parents stressed the importance of the technology itself. They
believed that an app isn’t always necessary (n=>5); they can be
distracting, and accessing the technology can sometimes be
problematic (n=5). They also discussed how some of the apps
required the input of identifiable information. Parents raised
concerns here regarding data security (n=3);

..that all I do,...I type in ADHD in Twitter if [ want

to know about that I won't download an app for it.
[P1]
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Once again the only thing is it s (the app) trapped in
Apple world. [P4]
...today your data might be safe, tomorrow your data
maybe be going off on tour somewhere for a, for a
price. [P4]
Table 4 demonstrates the app characteristics identified by
participants during semistructured interviews and which apps
possessed these characteristics.

Discussion

Principal Findings

This study identified 10 apps that stated they were aimed at the
parents of children and or young people with ADHD. Seven
parents of young people with ADHD and 6 clinicians working
with this population were interviewed. Interviews involved
sharing the 10 identified apps with participants and asking what
they think would make an app suitable for parents of children
and young people with ADHD. Parents stated that technology
access can be a barrier, that apps could enhance family
relationships, apps have the potential to explain what ADHD
means to effected siblings, apps should be flexible, and they
could be used as an ADHD educational tool. Additionally,
clinicians felt that apps would be useful for parents to monitor
their child’s ADHD symptoms and related difficulties and that
apps should be practical, quick, and easy to use to account for
the parents with often busy and chaotic lifestyles. The latter
findings are consistent with the findings of Simons et al [40].

As living with and managing the ADHD with a child or young
person can be incredibly stressful for parents, the National
Institute for Health and Care Excellence guidelines recommend
that all the parents of children and young people diagnosed with
ADHD should be invited to attend parent management and
support groups [19]. There are a number of possible parent
training or management programs available [35-38]; however,
they cannot provide ongoing support, reminders, or instant
advice at a time of crisis.

We are living in a society where technology is routinely used
and embedded into our lives. Many apps are advertised for
parents of children and young people with ADHD, but there is
little evidence to underpin them and little evidence to ascertain
what makes such apps suitable for parents. The young people
and clinicians whose views were sought in this study did not
find that the apps reviewed fully met their expectations. The
highest match was 5 out of 8; two apps scored 1 out of 8, and
the mean score was 3.6. Parents wanted the apps to be visually
pleasing and tailored to their own circumstances. Clinicians
were keen to highlight the possibility of using apps to allow
parents to monitor their child or young person's ADHD-related
difficulties. Clinicians saw the opportunity to use this data
clinically.
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Table d. Summary of what makes an app suitable for a parent of a child or young person with attention-deficit hyperactivity disorder (ADHD), according
tothe parents and the clinicians interviewed in this study and which apps identified in this study include these characteristics. The apps have been scored
out of eight. The scores represent how cach app fits with the views of the participants.

Characteristics identified by participantsas _iTuncs Google Play
likely to be positive

Appl  App2  App3  App4  AppS  App6  App7  App§  App9  Appl0
Visually pleasing (ic, includes bright colors) No Yes  No Yes  Yes  No Yes  Yes  No Yes
Allows personalization so that the user can No No No No No Yes  No Yes  No Yes
relate to the app
Should help specifically with ADHD rclat-  Aimsto Aimsto NO Aimsto Aimsto Aimsto Aimsto Aimsto NO No
od difficulties
Joint use (parent and child) to encourage  No Yes  Yes  Yes  Yes  No Yes  No No Yes
health family relationships
Can be used as an cducational tool orinfor-  Yes  No No No Yes  No Yes  No Yes  No
mation source
App to monitor ADHD symptoms and diffi-  No No No No No Yes  No Yes  No No
culties
Should be practical (casy to use or cmbed  Yes  No No No Yes  No Yes  Yes  No Yes
into daily routinc)
Attempts to improve daily routines No Yes  No Yes  No No No No No Yes
App score 3 4 1 4 5 3 5 5 1 5

(outof 8)

“ADHD: attention-deficit hyperactivity disorder.

Increasing knowledge about a disorder, for example, by using
psychoeducation, is recognized as important in improving
management and then outcomes in chronic disorders. The
knowledge of parents or carers of children with ADHD and, in
particular, of young people with ADHD themselves, has been
shown to be poor [47]. When young people in an ADHD clinic
were asked what ADHD meant to them, they replied with
negative answers that did not accurately represent the clinician’s
views, as noted by Bleakley C (2014). A summary of these
views can be found in Figure 3. Although young people valued
direct information sharing with their doctor or nurse, they were
also comfortable with using technology to improve their
understanding [47].

The perspectives of both the clinicians and the parents are
needed to build up a full picture. Clinicians are keen to make
use of apps to promote positive behaviors and target specific
needs. The views of the parents give guidance as to whether
they would actually use the app and whether they felt it was
likely to be helpful.
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A Canadian study [52] considered parents’ attitudes to medical
technology (genetic studies and magnetic resonance imaging
scanning) and concluded that parents were in fact “In search of
Anything that would help.” Indeed, their interviews reflected
parents’ views that their needs were not being met despite
increased understanding among health and education
professionals. The choice of medications for ADHD has
increased in recent years, but there is still a reluctance to use
medication, and for many young people, achieving symptom
improvement throughout their waking times, remains a
challenge. Technology can now be accessed atany time in most
places by most people, so it may offer the much needed extra
support to young people and their families.

If technology is to be reliably helpful, some quality standards
must be met. Apps are often developed rapidly with little
evidence base. The pressure is often for financial success rather
than proven benefit. This study gives us some insight into the
quality of currently available apps and suggests that more
research is needed to hamess technology to benefit young people
with ADHD and their families.
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Figure 3. Replies from teenagers in an attention-deficit hyperactivity disorder (ADHD) clinic.

What Does ADHD mean to you?

“Bad Behaviour"

"Why I can't control myself*

“Anger Issues"
"Why people don't like me”
"Abuse Disorder"

"It's my bad temper and anger”

"when I get giddy"

"when I get sent out of class"

"Concentration and poor reading"

Personal communication,

Bleakley, 2014

Conclusions

This research suggests that currently the top 10 listed apps
marketed for parents with young people with ADHD do not
seem likely to meet their needs and crucially, do not have the
key components of they believe will make an app helpful.

According to our participants, key components of a successful
app are likely to be; pleasing visuals, the facility to personalize,
the ability to help with specific ADHD difficulties, design for
joint use by a parent and young person, use as an ADHD
educational tool, use in monitoring ADHD-related difficulties
and symptoms, easy to use, possible use to improve daily
routines.
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Involving Users in the Evaluation of Apps
for Specific Health Conditions
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Abstract : With rapid growth of Internet accessibility over recent years, the way in
which we engage with healthcare services and make decisions about our own
healthcare has changed. One form of engagement with the Internet is through the
use of mobile applications (apps) via mobile devices such as smartphones and
tablets. As a result of this, many apps have been developed to target people with
varying long term conditions. These apps may aim to help educate individuals
about their condition or help them to manage it. Assessing the quality of these apps
is crucial especially when considering the risks associated with providing
misleading information or unsubstantiated claims. This has led to a growing body
of research assessing the quality of apps aimed at people living with varying long
term conditions. These attempts have not involved service users to address the
suitability of apps for their intended target audiences. This paper presents two
examples of how service users and associated healthcare professionals can be
involved in the suitability assessment of mobile apps for children and young
people with Attention Deficit Hyperactivity Disorder and those living with
dementia.

Keywords. Dementia, ADHD, apps, evaluation, methodology

Introduction

An estimated 46% of the worldwide population has an Internet connection, which when
compared with the 1% proportion in 1995 provides evidence of the rapid growth of our
global connectivity [1]. In the United Kingdom (UK), 87.9% of adults are Internet
users [2]. This rise has affected how people engage with healthcare services and make
decisions about their own health, with potentially positive and negative consequences
[3].

An increasingly popular form of engagement with the Internet is through mobile
applications (apps), which have become synonymous with modern smartphones, tablets
and other portable devices. Since the release of the ‘App Store’ for Apple ‘i0S’ devices
in 2008, 140 billion apps have been downloaded [4] and there are currently more than
two million apps available for download in this store and Google’s ‘Play Store’ [5].
Apps can be used for a multitude of different purposes, including gaming, productivity,
creativity and socialising.

Both Apple and Google feature categories in their online app stores for' ‘Medical’
or ‘Health & Fitness’ apps, respectively. These apps cover such functions as health
promotion, fitness guides and public health [6]. There are also apps targeting specific
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conditions; to provide self-management health information or tailored content to meet
the needs of the person living with condition [7]. For example, in a review of apps to
support people with diabetes, the most common app functions included self-monitoring
of blood glucose, a tool to track insulin or oral diabetic medications, and a dose
calculator for prandial insulin [8].

Assessing the quality of health-related apps is an important issue, given the risks
that are associated with providing misleading information or unsubstantiated claims [7]
or when storing confidential patient information [6]. High-profile examples of where
these risks became reality included the data protection compliance issues with
accredited apps in the NHS Health Apps Library [9] and the challenge and subsequent
Federal Trade Commission charges against the creators and marketers of the ‘brain-
training” app ‘Lumosity’ for deceiving customers with unfounded claims [10, 11].

As in both cases; the involvement of researchers in the assessment of publicly
available apps is clearly warranted to offer independent, unbiased and, most
importantly, evidence-based guidance. A generic tool for assessing the quality of health
apps exists [12], but this does not allow for a comprehensive evaluation of the
functions and features of condition-specific apps with input from a range of
stakeholders, most importantly including people living with the condition themselves.
There have also been examples of evaluations of apps that are condition-specific,
including asthma [13] diabetes [8], bi-polar disorder [14] and chronic pain [15]. Whilst
these studies have certainly addressed the content of apps with regards to their quality
and the underlying evidence, they have not involved service users to address the
suitability of apps for their own needs. This was therefore the approach adopted to look
at the suitability of apps for specific health conditions. This paper presents two
examples of how dementia and Attention Deficit Hyperactivity Disorder (ADHD) app
suitability can be ascertained.

1. Method

This paper presents two examples that have been adopted by University of Sheffield
researchers to explore what makes an app suitable for a population. Two differing
examples are presented: firstly, to find apps where the content has been identified for a
specific population; and secondly, to find apps with generic content but featuring
design characteristics that make them suitable for a specific population.

1.1. Attention Deficit Hyperactivity Disorder

Example one involves the exploration of what makes an app suitable for children and
young people diagnosed with ADHD. Therefore, the research question was “Are the
top ten listed apps specifically designed for children and young people suitable and
what are the key components for apps to be suitable for this population?”

In this context, the strategy involves identifying suitable mobile applications and
conducting qualitative semi-structured interviews exploring what the target population
believe makes an app suitable for them.
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1.1.1. Search and identification of apps

In June 2016, a search of mobile apps in the Apple iTunes Store and the Android
Google Play Store was conducted. These databases were selected due to displaying
systematically organised app rankings defined by unique algorithms unique to each app
store, commonly known as App Store optimisation (ASO). For Apple the primary
factor is number of downloads however there are also many other secondary factors
such as keywords and visuals [16]. Similarly the Android database is filtered according
to multiple criteria including the volume of ratings, value of ratings and download
growth [17]. Although this gives rise to potential bias as apps are selected according to
the databases own ASO, it is to some extent unavoidable unless all of the search results
are downloaded for testing [18].

The term “ADHD” was searched in both Google Play and iTunes app stores.
Preliminary screening was conducted based on app titles, full marketing description,
and screenshots of the apps potentially relevant for inclusion. The first five apps were
included from each app store, leaving a total of ten apps for inclusion. See Table 1 for
inclusion criteria of apps.

Table 1. Inclusion and exclusion criteria of apps designed for people with ADHD

Inclusion Criteria

tes aimed at ADHD  Does not state app is aimed at ADHD or ADD

o The user is the child/young person with « Not targeted at the child/young person with
ADHD/ADD ADHD/ADD (e.g targeted at parents,

« Mobile application ans or adults)

« App is available in the English language « Not a mobile application
« Not available in the English language
o Duplicate app
Duplicate apps were then removed (See Figure 1). This was applicable if there was
more than one version of an app. It was decided that the app version to be included was
the app that appeared first on the app store list. Duplicates across both app stores did
not apply.
The remaining ten apps were downloaded onto tablet devices and their content was
summarised into a tabular format to help assist participants (clinicians only) during the
semi-structured interviews.

1.1.2. Participants and procedure

A convenience sample of five clinicians and five children and young people (YP) were
invited to take part in semi-structured interviews. Interviews lasted up to 60 minutes
with the clinicians, and up to 45 minutes with the child/YP.

During the interviews, clinicians and children/young people were presented the
identified apps. Interview discussions were guided by an interview schedule covering
four key areas: what they believe makes a successful app, what doesn’t make a
successful app, what an app’s function should be for this population and how they
believe apps could help manage ADHD/address difficulties in YP with ADHD.
Participants were given the opportunity to use the apps themselves during the
interview, provide their opinions and also were asked what they believe makes a
suitable app for YP with ADHD. The two groups provided two unique perspectives:
user perspective and a clinical perspective. Participants also completed a short
questionnaire on their demographic characteristics. The interviews focused on
suitability of the apps for the population.
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Figure 1. App selection process [19]

1.1.3. Data Analysis

All interviews were audio recorded and transcribed. Thematic analysis [20] was used to
search for data patterns within and across the participant groups. Authors LP and JP
independently identified codes and themes from the transcripts. Discrepancies were
resolved through group discussion in an iterative fashion between authors. Themes
identified aimed to capture the essence of the participant’s views. The themes were
used to develop criteria that make an app suitable for this population. The apps were
then scored against these criteria to demonstrate the suitability of the apps included in
the study.

1.2. Dementia

In the second example for identifying suitable apps for a specific health condition, the
research focused on gaming and activity apps for people living with dementia. In
contrast to the first example, this project was concerned with generic apps (i.e. that had
not been designed for a specific health population) and how certain design features
could make them more accessible for people experiencing cognitive impairment
because of their dementia diagnosis.
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1.2.1. Search and identification of apps

Two game types were identified based on previous research by colleagues in the
Netherlands [21] and discussions with members of a local patient and public
involvement group. These games were ‘Solitaire’ (also known as ‘Patience’) and a
‘bubble matching’ puzzle game. Terms to represent the two games were selected
(‘Solitaire’ or ‘Patience’ and ‘bubble’) and these were entered into the search bar of the
Apple iTunes Store. Ten apps of each of the two identified game types were
downloaded based on the inclusion and exclusion criteria presented in Table 2. As with
the first example, it is acknowledged that by downloading the top ten listed apps as
organised by the app store, the unavoidable potential for bias is present.

A literature review was conducted to find out existing knowledge of the use of
touchscreen apps by people living with dementia [22], and this information was used to
inform the selection of the most accessible version of each of these games from the ten
representations downloaded. Once the most accessible version of each game type was
identified, these were tested directly with people living with dementia in a quasi-
experimental study.

Table 2. Inclusion and exclusion criteria of

olitaire” or *bubble matching’ apps

Inclusion Criteria ion Criteria
« Accurate representation of target game « Rules different to basic version of game
« Appis available in the English language « Duplicate app

1.2.2. Participants and procedure

Thirty people living with dementia were recruited from care services and asked to play
one of the two apps independently on three separate occasions. All gameplay was
recorded using two video cameras mounted on tripods to capture a view of the
participants’ faces and their interactions with the app. After each gameplay session, the
researcher administered a brief questionnaire to assess their experience of the app (a
more detailed version of the procedure can be accessed in [23]). This approach was
used to ensure that participants who can experience difficulty with communication
because of their dementia diagnosis, were able to provide feedback on their experience
of testing the app through direct and indirect means.

1.2.3. Data analysis

Using the video recordings, each of the 84 gameplay sessions were analysed using the
Observer video analysis software to code every participant interaction with the app.
This allowed the researchers to see what features of the apps were facilitating
successful interactions and what features were contributing to unsuccessful
interactions. The questionnaire responses were collated and this information was used
to assess whether participants’ own experiences of testing the apps were positive or
negative.
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2. Results

2.1. Attention Deficit Hyperactivity Disorder

Exploring the suitability for apps for children and young people with ADHD revealed
that in order to engage the population, it is important for the apps to be visually
appealing, the user should be able to interact with the app rather than watch visual
stimuli on the screen alone, it is important to be able to relate to the app, to personalise
the app (e.g. change what a character looks like to represent the user), provide instant
reward and audio feedback. These were all themes identified from clinicians and
children/young people data. In addition, clinicians stated that this population would
also benefit from being able to monitor their symptoms via and app, and for an app to
focus on strengthening relationships with others [19].

2.2. Dementia

Engaging directly with people living with dementia to evaluate the suitability of
existing apps revealed many key design features that facilitated successful interactions
and also several features that proved to be barriers. The findings have been applied in
the design of a framework for identifying further apps that might be suitable for people
living with dementia [18]. The results have also been used to improve the two tested
apps through collaboration with the developers to implement accessibility features into
their existing app. The updated versions of these apps are now available to download in
both the Apple and Google app stores, demonstrating the potential for collaborative
research involving people living with a specific health condition and app developers.

3. Discussion

Two potential frameworks for evaluating mobile apps have been constructed. Although
different, both frameworks have in common that they take into account the views and
opinions of the target audience of certain mobile applications to ascertain their
suitability. They are novel methods as they have been applied to two very different
conditions (ADHD and Dementia) which, shows these frameworks have potential to be
applied across many more conditions and age groups.

The combination of identifying suitable apps and involving people living with the
target condition to evaluate them is the core of this article. It could be argued that there
are existing examples of app evaluation methods that are more rigorous [8] and/or
larger in scale [14] than the current approach however these do not directly incorporate
the thoughts and opinions of the target user group. To achieve this it was decided that a
balance needed to be struck between the work undertaken by the researchers in
identifying suitable apps and the amount of work required by participants representing
the user group to evaluate the identified apps. For example, it would be unrealistic to
expect participants to directly test and give feedback on a high volume of apps (as in
[14]), therefore the present approach advocates the narrowing of the pool to a more
feasible number of apps by researchers prior to evaluation by users.

In the present day, technology usage and connectivity is increasing. This has meant
that mobile apps are becoming more popular. Apps can be used for a number of
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purposes including the self-management of specific conditions. This can be achieved in
many ways such as using apps for monitoring symptoms, medication reminders and
games that engage people with complex needs. The results of this paper demonstrate
that both YP diagnosed with ADHD and people living with dementia do enjoy using
apps for a variety of functions, however, they have complex needs compared to those
with a neurotypical profile and this was reflected in the participants’ verbal and
observed responses in both research projects.

Where the authors acknowledge the value of accounting for the opinions of app
target audiences when developing apps, they also recognise that the method presented
in this paper is not without its limitations. For example, unlike in one of the referenced
examples evaluating diabetes self-management apps [8], the authors of the present
method have not assigned rating scores for the quality of apps. However, the authors of
the ADHD example have provided a score for each included app, to reflect the app
suitability for the population, based on the criteria suggested by their participants, and
the author of the dementia example rates apps on their accessibility for the user group.
Future research could consider developing broader criteria that could be applied to apps
aimed at those with complex long term conditions. In order to build on this, a toolkit
could then be produced with generic criteria for apps and some condition specific
advice to meet the more complex needs of these individual populations such as those
living with dementia and ADHD.
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Abstract

A number of technologies to help self-manage attention deficit hyperactivity disorder (ADHD) in children and young people
(YP) have been developed. This review will assess the level of evidence for the use of such technologies. The review was
undertaken in accordance with the general principles recommended in the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis. 7545 studies were screened. Fourteen studies of technology that aim to self-manage difficulties associ-
ated with ADHD in children and YP were included. Primary outcome measures were measures that assessed difficulties
related to ADHD. Databases searched were MEDLINE, Web of Science (Core collection), CINAHL, the Cochrane Library,
ProQuest ASSIA, PsycINFO and Scopus. The methodological quality of the studies was assessed. This review highlights
the potential for the use of technology in paediatric ADHD management. However, it also demonstrates that current research
lacks robustness; using small sample sizes, non-validated outcome measures and little psychoeducation component. Future
research is required to investigate the value of technology in supporting children and YP with ADHD and a focus psychoe-
ducation is needed.

Keywords Technology - Intervention - ADHD - Psychoeducation

Abbreviations ITT Intention to treat
ADHD Attention deficit hyperactivity disorder MABC-2-NL Movement assessment battery for children
ADHD-RS ADHD Rating Scale MCID Minimally clinically important difference
AVL ADHD vragen lijst MeSH Medical subject headings
BRIEF Behaviour rating inventory of executive SDQ Strengths and difficulties questionnaire
function SPRSQ-C Sensitivity to punishment and sensitivity
CBTT Corsi block tapping task to reward questionnaire for children
CPT Conners continuous performance test SRRS Social skills rating system
CRoB Cochrane risk of bias TMT Trail making test
DBDRS Disruptive Behaviour Disorder Rating TMQ Time management questionnaire
Scale RCT Randomised controlled trial
D-KEFS Delis—Kaplan function system SAST South Australian spelling test
HSQ Home situations questionnaire QbTest Quantifying behaviour test
IATQ It is about time questionnaire WAIS-RNI Weschler adult intelligence scale-revised
as a neuropsychological instrument
L WASI Weschler abbreviated scale of intelligence
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a highly
comorbid [1-3] neurodevelopmental disorder. It has a world-
wide prevalence of 3-5% in school age children [4], 80-85%
of these individuals continue to be effected by their ADHD
into adolescence [5-8] and 60% into adulthood [9].

Due to the symptoms and complexity of the condition,
there are a number of important long-term difficulties asso-
ciated with ADHD. These include low academic attainment
[10, 11], which can persist into adulthood [12], poor execu-
tive functioning [13], poor social relationships, strained par-
ent/child/sibling relationships [14] and problems with social
interactions with peers [15]. This results in poorer quality of
life and self-esteem in children and YP with ADHD [16, 17].

Children and YP with ADHD are reliant on clinicians and
parents to help them to manage their condition. However,
as they transit into adulthood, the support is not as readily
available or indeed wanted by the individual [18]. It is, there-
fore, imperative that children and YP learn to self-manage
their condition and indeed be educated about their condi-
tion and how to manage it [19-23]. Individuals with ADHD
often experience crises and access to their usual services
may not be immediately available. However, the increasing
sophistication and usage of technology may provide valu-
able resources to facilitate the self-management of ADHD
for children and YP.

Over recent years, technological advances have meant
that technology is more widely available and has become
more popular and integrated into many lives. Society is also
better connected with an estimated 46% of the worldwide
population having an internet connection compared with 1%
in 1995 [24]. As a result of this, a number of attempts have
been made to harness technology to help manage ADHD in
children and YP such as eye tracking [25], brain computer
interface [26, 27] and a computerised test that quantifies
ADHD core symptoms: the QbTest [28]. Technology has
also been used for cognitive training in children and YP
with ADHD [29]. However, these technologies are reliant
on an administrator or a therapist. Other technologies have
been developed to self-manage ADHD-related difficulties
in children and YP that can be used independently of a
therapist which, therefore, reduces the reliance on services.
These include a handheld organisation device [30], a device
to self-monitor ADHD symptoms [31], computer software
to improve reading speed [32], and computer games that
focus on mathematical ability [33] and the promotion of
behavoural learning and organisation [34]. Although these
studies report that technology has the potential to self-man-
age ADHD-related difficulties in children and YP, little is
known about the level of evidence for these technologies.
Therefore, this review will assess the level of evidence for

4 Springer

currently available technologies for self-managing ADHD
and related difficulties in children and YP.

Methods

The review protocol was registered with PROSPERO
(CRD42017057715). The review was undertaken in accord-
ance with the general principles recommended in the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis [35].

Search methods

The following databases were searched in February 2017
from the last 5 years: MEDLINE, Web of Science (Core
collection), CINAHL, the Cochrane Library, ProQuest
ASSIA, PsycINFO and Scopus. Medical Subject Headings
(MeSH) keywords used were attention deficit disorder with
hyperactivity, hyperkinesis, attention deficit and disruptive
behaviour disorders, conduct disorder, child behaviour dis-
orders, disruptive impulse control and conduct disorders,
adolescent, young adult, educational technology, technol-
ogy, self-help devices, video games, internet, software,
social media, mobile applications, self care and social sup-
port. Text terms used were attention deficit and disruptive
behaviour disorders, attention deficit hyperactivity disorder,
ADHD, ADDH, ADHS, hkd, attention, behaviour, dysfunc-
tional, disorder, disrupt, defiant, impulsive, inattentive, inat-
tention, hyperkinesis, damage, hyperactive, conduct, child,
boy, girl, young person, YP, young people, adolescent, teen,
youth, technology, assistive technology, self-help devices,
game, website, download, forum, email, mobile app, condi-
tion management, manage, self-manage, support and sup-
port network. Terms were combined using Boolean logic
(“AND”, “OR”). MeSH is specific recognised terms used
for the purpose of identifying journal articles and books in
electronic databases. Free text terms and synonyms are spe-
cific words that the search strategy looks for in the title and
abstract.

A copy of the MEDLINE search strategy is presented
in Appendix 1. Electronic citations were downloaded to
Endnote software. The inclusion criteria are described in
Table 1. Studies included in this review were from 2014 to
2016.

Due to the infancy of this research topic, any study design
was accepted as appropriate to answer the research question.
The research question is “What is the level of evidence that
current technology that aims to self-manage difficulties asso-
ciated with ADHD in children and young people is helpful ?”
The primary outcome measures (see Table 2) of this review
are measures that assess ADHD related difficulties.




image71.jpeg
European Child & Adolescent Psychiatry (2018) 27:1391-1412

1393

Table 1 Inclusion and exclusion criteria for this review

Inclusion criteria

Exclusion criteria

English language articles

Studies recruiting individuals under the age of 18 years

Evaluating technologies that can be used independently of a therapist
Participants reported to have ADHD diagnosis

Studies where intervention is not clearly defined
Studie:
Non-interventional studies

ncluding individuals over the age of 18 years

Interventions that are led by anybody other than the child/YP with
ADHD (e.g. clinician led interventions)

Participants without reported ADHD diagnosis (e.g. parent or teacher

Validated outcome measure:

ng ADHD-related difficulties

reported)
Outcome me
not validated

that do not 2

ADHD-related difficulties or are

ADHD attention deficit hyperactivity disorder

Table 2 List of included outcome measures

Observational checklist for observations and
recording behaviours

Chart to track each students appropriate
behaviour

Guided reading packet

X 2 outcome measure
in the blanks and

s—multiple choice, fill
hort answer response
Total time to complete reading

Sustained attention dots task version 02 k

Calculating time for distractions

Time calculation

Barkley School Situations Questionnaire

Go/no-go task (not QbTest)

Time management questionnaire—parent and
teacher completion

It's About time Questionnaire (IATQ)—parent
version

Self efficacy questionnaire
Knox cubes LDT

Action detector

Duration of arbitrary standing

Disruptive Behaviour Disorder Rating Scale
(DBDRS)

Improvement index during training

Strengths and Difficulties Questionnaire
(SDQ)
South Australian Spelling Test (SAST)

Conners parent scale (brief version)
Connors teacher rating scale

5 subtests from the Movement Assessment
Battery for Children (MABC-2-NL)

Behaviour Rating Inventory of Executive
Function (BRIEF): plan/organise

BRIEF: working memory subscale—parent

Shape school
BRIEF—inhibit
BRIEF—shift
BRIEF—emotional

BRIEF—control initiate

BRIEF—organisation of materials

BRIEF—monitor

BRIEF—metacognition index

Weshler Preschool and Primary Scale of
Intelligence Revised translated in Dutch
(WPPSLR NL)

Subscale of Cooperation of the SRRS (parent
version)

SRRS: subscales Responsibility
SRRS:

sertiveness subscale

Three subtests in Mandarin Literacy Assess-
ment

Trail Making Test (TMT) of the Delis-Kaplan
Function System (D-KEFS)

Corsi Block Tapping Task (CBTT)

Digit span subtest from the Weschler Intelli-
gence Scale for Children (WISC-III)

Disruptive Behaviour Disorders Rating Scale
(DBDRS; parent and teacher versions)

Sensitivity to pun
reward questionna

hment and sensitivity to

e for children (SPRSQ-C)

Pacdiatric quality of life inventory (PedsQL:
parent and child versions)

Counting span task
Connors Continuous Performance Test (CPT II)
WISC I

Social Skills Rating Scale (SRRS) self-control
subscale

SRRS total
ADHD VragenLijst (AVL)

SSRS—teacher version

Stop task

ADHD Rating Scale 1 (ADHD-RS-1)
Stroop (and day/night version)

‘The home situations questionnaire (HSQ)

Raven coloured progress
shortened version)

ADHD Rating Scale (ARS-1V)

ve matrices (full and

Weshler Abbreviated Scale of Intelligence
(WASD)

Quality Assessment

Methodological quality of included studies was assessed
using the Cochrane Risk of Bias tool (CRoB) [36] for RCT

designs and the Downs and Black Instrument [37] for non-
RCT designs. This CRoB tool addresses specific domains,
namely, sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
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assessment, incomplete outcome data, and selective out-
come reporting. The Downs and Black Instrument provides
an individual score for each study with a maximum score
of 32 [37] and assesses the way in which the studies report
their findings, external validity, internal validity bias and
selection bias.

Data extraction

Retrieved titles, abstracts, and/or papers were screened inde-
pendently by 2 review authors (LP, JP) to identify studies
that met the inclusion criteria. Disagreements were resolved
between reviewers through discussion. A standardised form
was used for data extraction using Microsoft Excel. Details
of the study characteristics, including participants, the inter-
vention, and comparator (where applicable) were recorded.
Data extraction was carried out by reviewer LP and checked
for accuracy by reviewer JP.

Outcome measurement assessment

It is vital that when undertaking a systematic review, the
quality of the outcome measures used in each of the included
studies is assessed. This is to ensure the validity and reli-
ability of their results. To complete the outcome measure
quality assessment, where possible, three domains should
be considered for each outcome measure [38], (1) whether
the psychometric properties of the scale have been assessed
previously [39], (2) whether the clinimetric properties of
the outcome measure have been thought through [40-44],
specifically the Minimally Clinically Important Difference
(MCID) [43], and (3) whether the design and analysis of
the outcome measure satisfies the requirements of measure-
ment theory [45-47]. We identified all outcome measures
(N = 58) used across the 14 studies and reviewed each of
them individually to assess whether they fulfilled the first
domain described above. The MCID was not assessed for the

Table3 Levels of evidence outlined by Weiss et al. [48]

included outcome measures and was, therefore, not assessed.
The 58 included outcome measures are listed in Table 2.

Literature for each outcome measure, where applicable,
was reviewed. We then examined each outcome measure to
ascertain how the data were scored, collected and analysed
within the results section of each study.

In line with the literature, all 58 outcome measures
included were measures of difficulties related to ADHD.

Data synthesis

‘We have presented a narrative overview of the included stud-
ies with supporting evidence tables and text. A meta-analysis
was not undertaken.

Appraisal of evidence

The results of the search varied from case studies to Ran-
domised Controlled Trials (RCTs). The studies identified
were appraised using the levels of evidence [48] to locate the
best available evidence that involves the application of sys-
tematic, robust, transparent and explicit methodology [49].
The grading system (see Table 3) was created to highlight
that varying study designs and methodologies are at risk
of bias in their results. This is crucial as the study design
may affect the validity and reliability of results due to the
research method used. For example, when evaluating the
effectiveness of an intervention, it is often considered that
RCT evidence is the “gold standard”, the most reliable form
of evidence due to the measures they take to reduce the influ-
ence confounding variables could potentially have on the
results [50].

Level of Non-empirical Group rescarch

Outcome research  Single participant research

evidence
1 - Randomised controlled trial = N-or-1 randomised controlled trial
1 - Non-randomised control trial Analytic survey  ABABA design
Prospective cohort study with concurrent control Alternating treatments. Multiple
group baseline across p
it - Case-control study. Cohort study with historical ~ — ABA design
control group
v Before and after case series without control group ~ — AB design
\ Descriptive case s - =
Anccdotes
Expert opinion
Theories

‘Common sense
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Results
Search results

The electronic searches identified 7391 citations following
de-duplication, including 9 additional citations that were
identified through reference searches/other sources. We
excluded 7331 citations at the title and abstract stages as
they did not fit the inclusion criteria. We then obtained 60
citations as full-text articles. Of these, 50 were excluded at
the full-text stage: details of these excluded studies with the
reason for exclusion are shown in Appendix 2. 14 studies

reported across 14 publications were included in the review
(see Fig. 1). Four of these publications were obtained from
a recent meta analysis [29], which examined the effects of
cognitive training on ADHD symptoms, neuropsychological
deficits, and academic skills in children and YP with ADHD
[51-54].

Quality assessment
Full details from the Cochrane risk of bias assessment are

presented in Appendix 3. A summary of the RCT risk of bias
assessment is presented in Table 4, non-RCT risk assessment

p—
Records identified through Additional records identified through
s database searching other sources
2 (n=7545) (n=9)
]
g
T
s l l
(il
—_ Records after duplicates removed
(n=7391) (n=159 duplicates)
-4 v
s Records excluded
g Records screened | Em— (n=7331)
g (n=7391)
L3
) v
Full-text articles assessed Full-text articles excluded, with
for eligibility — reasons
(n=60) (n=50)
- Participants not diagnosed
with ADHD
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Fig. 1 Studies included in this review
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Table4 RCT risk of bias summary

Random Blinding of

Sequence Allocation Outcome Incomplete Selective
Study Generation | Concealment Assessment Outcome Data___| Repo:
Van der Oord, 2014
57 Low risk Unclear Unclear Unclear Low risk Low risk
Dovis, 2015 [55] Low risk Low risk Low risk Low risk Low risk Low risk
Weerdemeester, 2016
56 Low risk Low risk Low risk Low risk Low risk
Van Dongen-Boomsma
51 Unclear Low risk Low risk Low risk Low ris Low risk
Egeland, 2013 [52] Unclear Low risk Low risk Low risk
Klingberg, 2005 [54] | Unclear Unclear Low risk Low ris! Low risk
Johnstone, 2012 [53] | Unclear Unclear Unclear Unclear Unclear Low risk

in Table 5 and a summary of the outcome measurement Discussion

quality assessment can be found in Appendix 5.

One of the eight included RCTs, one was considered to
be at overall high risk of bias [34], five RCTs were judged as
being at overall low risk [51, 52, 54, 55, 56] and two RCTs
were considered to be at overall unclear risk of bias [53,
57]. All included RCTs were considered to be at a low risk
of bias for selective reporting [34, 51-57].

Non-RCT study designs were assessed using the Downs
and Black Scale, as they were mainly exploratory interven-
tional studies. Overall, the non-RCT studies obtained low
scores on items covering external and internal validity,
selection bias and statistical power. Studies obtained higher
scores for the items covering reporting of results and study
procedures. The maximum total score that could be obtained
is 32. Of the six included non-RCT studies in this review,
the lowest score was 6 [58] and the highest score was 11
[59, 60].

Quality assessment of measurement scales

Ten of the fourteen included studies [34, 51-58, 63] used
ordinal scales of measurement all with established psycho-
metric properties. Twelve of the included studies [34, 51,
53-62] used scales of measurement that did not have estab-
lished psychometric properties. Four of the fourteen studies
[58-60, 63] did not perform any formal statistical analysis.
The sample size for these four studies ranged from one to
eight. Five of the fourteen studies [34, 52, 53, 56, 57] aggre-
gated data used with ordinal scales, which may put findings
at risk. Further details of the outcome measurement quality
assessment can be found in Appendix 5. Description of the
studies can be found in Table 6.

4 Springer

This review set out to answer the question “What is the level
of evidence that current technology that aims to self-manage
difficulties associated with ADHD in children and young
people is helpful?” The review found that the evidence dem-
onstrates that technology shows promise in self-managing
difficulties related to ADHD in children and YP. However,
this claim is based on evidence that often consists of small
sample sizes, use a wide variety of outcome measures (many
of which are not validated) and provide little support for
the importance of the role of psychoeducation in children
and YP with ADHD that has been so widely reported and
encouraged elsewhere [19-23, 64]. For example, the Euro-
pean Guidelines suggest psychoeducation for parent/carer
and child with ADHD as a first step to treatment [23]. One
systematic review even stated that psychoeducation for
YP with ADHD and their families could provide an expert
understanding of their condition could lead to more positive
individual choices [20].

Of the fourteen included studies in this review, the inter-
ventions assessed include two tablet devices [59, 60] two
mobile applications [58, 62], the use of a Wii remote control
[61], computer software [51, 54] and computer games [34,
52,53, 55-57, 63]. Following exclusions, outcome measure
assessment (Appendix 5) and quality assessment of the four-
teen included studies was conducted (appendices 3 and 4).

Only four of the sixteen papers included in the Cortese
etal. [29] meta analysis were included in this review [51-54]
and one additional paper resulted from our search strategy
before the Cortese review was screened for studies to include
in this review [57]. Two of the unincluded papers presented
in this meta analysis [29] did not report technological
interventions [65, 66], one did not use validated outcome
measures of ADHD-related difficulties [67]. four reported
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Table 5 non-RCT risk of bias summary

*Item modified (see Appendix 4 for further details)
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