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I am honoured and enthused to have such an

Vers une Approche Interdisciplinaire et Collaborative des Sciences Citoyennes en Santé Mentale

Résumé : Une personne sur quatre dans le monde sera affectée par des troubles de santé mentale à un moment ou à un autre de sa vie, ce qui en fait un problème mondial nécessitant, étudiants ont contribué à l'apprentissage des uns et des autres par le biais de travaux de groupes interdisciplinaires et de projets orientés vers l'action dans le domaine de la santé mentale, ont développé des compétences en matière de recherche et de compétences contemporaines, ont appris de nouveaux outils de recherche et numériques et ont acquis de nouvelles compétences et méthodologies dans leur propre discipline et au-delà. Ce volet explore des thèmes tels que l'inversion du "brain drain" au profit du "brain gain", les étudiants tirant mutuellement profit de leurs expériences mutuelles tout en apprenant eux-mêmes, et l'application de leurs connaissances dans les communautés de santé mentale.

2. Base de données ouverte sur la santé mentale (MHDB): J'ai conçu et mis en place la base de connaissances MHDB sur les troubles et les symptômes de la santé mentale, les questionnaires, les tâches cognitives, les technologies, les publications de recherche, les projets et les guides de ressources dans une base de données unique à l'usage de tous. Une étude de recherche a été menée pour étudier les effets de l'ajout de plusieurs domaines (fréquence, durée, intensité, contexte et capacité) aux mêmes questions de base utilisées dans les évaluations psychiatriques. Il est intéressant de noter que les résultats suggèrent que le contexte est plus prédictif que la fréquence dans la mesure de l'incapacité et devrait être appliqué de manière plus uniforme, et que l'approche "multi-domaine" des questionnaires peut améliorer les inférences sur la santé mentale et les prédictions des résultats fonctionnels.

L'intérêt de la construction de la MHDB, ses applications potentielles et les projets et considérations futurs sont également discutés. Mots clefs: santé mentale, psychiatrie, science citoyenne, cadres interdisciplinaires, science collaborative ouverte, outils numériques communautaires, SDGs, paradigmes de recherche des étudiants

Interdisciplinary Collaborative Frameworks for Mental Health Citizen and Community Science

Abstract: One in four people worldover will be affected by mental health disorders at some point in her/his life, with a staggering cost estimate that could rise to €5.5 trillion by 2030, making it a global issue needing urgent attention, all the more critical due to the quality and access of services being far lower compared to physical illnesses. The foundation of this thesis is that, despite related approaches, technologies and initiatives being on the rise, current research efforts have been scattered, siloed and lacking interoperability to the point of sometimes marginalizing the role of even those directly afflicted. Thus, citizen science driven by the mental health community has significant scope to reach higher levels of inclusion, achievement and application in the times to come.

The overall aim of the thesis is to develop and study how an inclusive, interdisciplinary framework with multiple stakeholders can drive open collaborative citizen science on mental health that spans geographic, cultural and disciplinary borders. Specifically, I have focused on furthering a framework that will enable people with mental health conditions, their families, teachers and caregivers, researchers, clinicians, therapists, technology developers, students and citizens at large to explore and improve assessment and monitoring methodologies adding to/creating effective and innovative interventions/projects/initiatives.

Towards this goal, the thesis involves the following interrelated and complementary components:

1. Student-driven Collaborative Frameworks for Mental Health Open Science: I deployed a cross-continental, student peer-to-peer learning-through-research study program for university students in France and India. A flexible curriculum targeting research metaskills and 21st century skills was designed and implemented. The results and feedback suggested that students contributed to each others' learning through interdisciplinary group work and action-oriented projects in mental health, developed research and contemporary skills, learned new research and digital tools and acquired new skills and methodologies within and beyond their own discipline. This component explores themes along the lines of reversing 'brain drain' for 'brain gain', students mutually benefitting from each other even while learning themselves, and applying their learning with mental health communities.

2. Linked Open Mental Health Database (MHDB): I curated and mapped the MHDB knowledge base of mental health disorders and symptoms, questionnaires, cognitive tasks, technologies, research publications, projects and resource guides in a single database for everyone to use. A research study was conducted investigating the effects of adding multiple domains (frequency, duration, intensity, context and ability) to the same core questions used in psychiatric assessments. Interestingly, the results suggested that context is more predictive than frequency in measuring disability and should be more uniformly applied, and also that the 'multi-domain' approach to questionnaires may improve mental health inferences and predictions of functional outcomes. The value of constructing MHDB, its potential applications and future projects and considerations are also discussed.

3. MindLogger Data Collection Platform and App for use across disciplines and userscenarios: I presented the motivations and significance behind constructing this tool to give individuals/groups the possibility to do their own research, and build and administer surveys, assessments and tasks to collect and share observations, insights, data and solutions. I also highlighted how MindLogger could involve facilitating the monitoring of symptoms and behaviours, replicability and reproducibility of results, ecological momentary assessments, trans-cultural data collection, the improvement of the convenience, consistency and efficiency of research and data efforts. This also contributed to the way MindLogger evolved further.

This component also covers MindLogger's upcoming implementation in the Child Mind Institute's Healthy Brain Network Study to collect data on participants' daily activities (such as sleep, mood, stress, physical activity etc., and future projects and considerations.

Also presented are research studies, workshops and models conceived using a combination of the thesis components exemplifying thesis principles and values and themes in the sphere of mental health and beyond to meet the UN's SDGs. Inspired by the E-SWAN questionnaire design process, 39 we constructed questions with multiple (frequency, duration, intensity and context) domains having consistent language and formatting. This schema details the questionnaire construction process for our SWAN+ questionnaire. The complete questionnaire can be found in Table S3-7 of the supplementary information. ...... 102 A screen of a Clock Drawing Task 15 used to diagnose dementia and assess cognitive functioning (as an example) on MindLogger., with the benefits of digitizing the originally paper-pencil task demonstrated 47,48 Table 1- Results from the 'best domain within a question analysis' using all domains of each question (18 regressions, 5 predictors plus age and gender), using WHODAS 40 
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Author's Note

The world as I see it and the change I want to make

The smile of the simplest achievement in the face of a child with autism or other mental health disorders and the reflection of joy magnified in the parent's visage is the closest thing to magic I have everexperienced. Today I stand on the shore of my thesis with an air of excitement about surfing its vast range of possibilities and plunging its depths of reach.

As I progressed in my thesis, in the course of the associations, collaborations and friendships I gained therein, I also quietly slid into the world of children with mental health disorders and their parents and caregivers. I strived to impact a world that most of humanity is yet to know much about or glosses over, in my opinion. Here I saw heroics in its extreme -the sheer courage and struggle of the children and the motivation and tenacity of the parents made great soldiers and leaders seem to pale in comparison. I realized that to join this world and bring them closer to the silver lining in the cloud of their life is my life's calling, or so it certainly seems to me now.

What energizes me is the potential to channel this intrinsic motivation through citizen science initiatives and digital ecosystems for collective intelligence and action. Here, researchers, stakeholders and the general public collaborate on initiatives for the benefit of science andsociety. Such collective intelligence and action should be in vogue andhas the potential to reach higher levelsin the world of mental health (one in four people worldover will be affected by mental health disorders at some point in their life). This example also lends itself to extrapolation into other world issues. Thus, I see the world as a hitherto untapped ocean of givers who could join this smaller world of the differently abled in a win-win and mutually fulfilling relationship.

I am hopeful and optimistic that in the coming years, the mental health citizen science framework, and the digital community resources and tools from the thesis (MindLogger and MHDB) can develop into a genuine self-sustaining beacon for the mental health community.

1. Introduction The World Health Organization (WHO) defines good health as a state of complete physical, mental, and social well-being and not merely the absence of disease or infirmity. 1 Mental health refers to a state of well-being in which every individual realizes his or her own potential, can cope with the normal stresses of life, can work productively and fruitfully, and is able to make a contribution to his/her community. 1,2 I request the reader to ponder about his/her own mental healthwas/is it constant or dynamic and evolving in different days, months or life stages? Did/do you know any persons who were/are struggling with their mental health? Did/do they get the support they needed/need? How can we better diagnose, assess, monitor and improve mental health? What according to you is the Holy Grail in mental health?

'What it means to have a mental health disorder or to be normal'this, viewed through a scientific, clinical, societal and individual lens, is facing a paradigm shift. 3,4,5,6 Clinicalassessment-reliant diagnoses are based on subjective thresholds that have been controversial

and have also sparked much debate, with the process deemed as unreliable. 3 Such cutoffs/criteria which decide the presence and absence of disorders have undergone significant changes, with some health officials opposed to increasing thresholds as they claim that it would inflate the number of people with a diagnosis and in turn adversely impact the healthcare system. 4 Culturally, behaviours considered to be normal in one culture can be deemed as atypical or indicative of mental health disorders in others, with some disorders present only in very specific cultural contexts (such as Koro affecting Chinese communities). 5,7 This has ramifications as to how professionals (originating from countries/cultures different to that of their 'patient') interpret psychiatric manuals while arriving at a diagnosisit emphasizes the need for clinicians to understand and take into account the cultural specificities of their 'patients'. 5,7 Complex socio-cultural factors coupled with the fact that most mental health datasets and normative samples are sourced from developed high-income countries question the universality/generalizability of psychiatric approaches for the Global South. 7,8 Thus, the implications of normalcy or having a disorder are shifting, depending on subjectivity, location and the healthcare policy which define thresholds.

How useful are DSM labels / diagnoses?

Clinical assessments are commonly based on nosology manuals like the Diagnostic and Statistical Manual of Mental Disorders (DSM) 9 from the American Psychiatric Association, defining and classifying disorders and used by clinicians and psychiatrists world over. The DSM is currently in its fifth version (DSM-5), having undergone many changes in its 68-year history (227% increase in the number of disorders, significant changes to their criteria and a 662% increase in volume). 10 The utility of DSM-based diagnosis has been under question,

with studies suggesting that it increases stigma, is not beneficial to treatment decisions, clinical outcomes or prognosis, and is not built to be culturally sensitive nor useful in research going forward. 3,10,11 Studies in psychiatry often present mean differences between ill and healthy 'controls'

(broadly defined as those not utilizing the healthcare system, but who may suffer from mental health symptoms) in stark contrast to biological markers where a strong overlap could exist between the two groups. 12 Such DSM-labelled diagnosis (inclusive of the fact that two people with the same label can have very different symptoms/behaviours along the disorder spectrum) can have adverse effects. Societal stigma and its associated negative stereotypes/perception can result in internalizing stigma and impacting dignity, self-esteem and performance of daily activities, as well as leading to avoidance of seeking a diagnosis and lack of willingness to seek help. 3,10 Thus, diagnostically labelling someone with a mental health disorder, which is intended as the first step towards alleviating and mitigating the condition, can instead have the opposite effect.

A transition is being seen from traditional reliance on nosology manuals such as the DSM-5 to frameworks like the National Institute of Mental Health, USA's Research Domain Criteria (RDoC) 6 based on neurobiology and observable behavior. This calls for an integrative, multidimensional, flexible and practical framework that consistently evolves to keep up with innovations, trends and research findings. 6 I wondered whether a database could be created involving mapping information across the phenotype and the genotype. This is addressed in section 3.4 involving the Mental Health Database (MHDB) by curating information across one's 'phenotype' (from disorders < symptoms < behaviours < projects < technologies) which could be extended in the future to include molecular, genomic (genes <molecules < cells < circuits) as well as physiological data. This could pave the way for a linked data, data-driven and crowd-sourced overhaul of the RDoC 6 complementing our approach.

The dynamic and evolving health state space

Complex interactions between and multiple mechanisms involving 'nature' (i.e., genotypic factors) and 'nurture' (i.e., phenotypic factors and experiences) characterize one's mental health. 6 Each individual can be considered to have a unique 'health fingerprint' or 'health state space' which is multidimensional in nature and influenced by multiple factors working in combination such as heredity, medical history, environmental exposure, social interactions, cognitive and emotional load, microbiome composition and so forth. 13 The mental health of people is thus constantly changing based on circumstances, with emotions like anger, sadness and anxiety experienced by everyone to varying degrees, and thus relevant to all.

Thus, people's mental health is dynamic and evolving, irrespective of whether they are neurotypical or diagnosed with a condition, with both groups exhibiting behaviours to varying degrees that can be attributed as deviating from 'normality'. For instance, a neurotypical person who had a stressful day could have a behavioural outburst while a 'person with a mental health condition' may be more susceptible to such outbursts. Beyond diagnostic labels, the importance of measuring daily challenges and functional impairments affecting a child's day to day living and functioning at home, school or other settings resulting from a mental, behavioural or emotional disorder was highlighted by an expert panel convened by Substance

Abuse and Mental Health Services Administration (SAMHSA). 14 The panel highlighted the need to create developmentally grounded and culturally sensitive measurement tools to assess impairments in different settings longitudinally from birth to adulthood. 14

Mental Health and Learning Disorders in numbers

12 of 65 million French people currently suffer from mental health disorders, with its true extent and burden previously significantly underestimated, costing over €109 billion and inflicting a total loss of 2.2 million QALY (quality-adjusted life-year, a unit for measuring disease burden), and a total cost of lost wellbeing of €65.08 billion. 15 The prevalence in children and adolescents are at least 12.5% in France and 20% in the USAhigher than the number of children with asthma (7 million), peanut allergies (7 million), diabetes (200,000) and cancer (11,500) combined. 16,17 Once identified to have mental health issues, only 1 in 5 children receive mental health treatment in France while two thirds of them are yet to receive help in the USA. 16,17 Numerous factors prevent children and families struggling with mental health and learning disorders from accessing the care they need, such as lack of knowledge and monitoring of the symptoms, fear of stigma, difficulties accessing professionals, and services and medical follow-up mechanisms, and increased out-of-pocket costs. 18 These barriers prevent the majority of children from getting help, leaving them at high risk for academic failure, substance abuse, entry into the justice system and suicide, putting families through further confusion, fear and regret. 17,18 Prevalence rates are rising globally, with for example, autism rates increasing at an alarming rate with figures released by the Centre for Disease Control in the United States as 1 in every 59 children in 2014 compared to 1 in every 150 children in the year 2000. 19 However, whether such rates are actually reflective of prevalence is debated with differences in diagnostic criteria and norms suggested as a possible factor (what was not considered as autism earlier is considered as autism currently). 20,21 Learning Differences / Disabilities: A Global Issue needing Urgent Attention

Up to 10% of the population is estimated to experience learning disabilities. These include having difficulties in understanding or using language (both spoken and written), listening, thinking, speaking, reading, writing, spelling and/or doing mathematical calculations. 22,23 These are manifested from learning disabilities like dyslexia, dyscalculia and dysgraphia, and other mental health disorders that affect learning such as attention-deficit/hyperactivity disorder, autism, dyspraxia, and the like. "Every country is a developing country" when handling mental health

The Lancet Commission for mental health highlighted that "every country is a developing country" while handling mental health with large inequalities in access to mental health resources and quality of services far lower compared to physical illnesses. 26,27 The global cost of mental health disorders in 2010 was estimated to be $2.5 trillion and could rise to $6 trillion in 2030 inspire of research and development advances in diagnosing and treating mental health conditions, which has seen painfully slow implementation and translation into tangible real-world effects. 27,28 Insufficient investments in comparison to the burden of mental health conditions on the economy was seen globally, with less than 1% of the health budget allocated to mental health care in low and middle income countries. 27,29 For example, India only spends 0.06% of its health budget on mental health, and India's northeast which comprises seven states, has only one mental health hospital for a population of 45 million. 28,30 A rural and urban divide in access to mental health is also seen in India with three-fourths of psychiatrists working in urban areas which constitute one-third of the population. 30 Low-income countries have 1 psychiatrist per million people, a rate 120 times lower than high-income ones with the country of Bhutan having only two psychiatrists. 31,32 An estimated 91 million people live in regions having shortages in mental health professionals even in developed countries like the United States. 33 Thus, there is a pressing global need to improve the awareness, access, monitoring, evaluation and interventions towards mental health for the self and society.

Towards the Citizen Science of Mental Health

The functioning of stakeholders in their independent silos

Stakeholders concerned with mental health include people with mental health conditions, their families, teachers and caregivers, researchers, clinicians, therapists, technology developers etc., and citizens and communities at large. As illustrative examples, the consequences of siloed stakeholder interactions are elaborated in the context of the increasing number of research publications and mental health technologies.

Increased research publications and content in mental health -Increased benefit for scientists and non-scientists alike?

It is often onerous, time consuming and difficult to find relevant mental health information that is scientifically validated. 34 The number of research publications on mental health has skyrocketed (nearly 1 million publications in the last 40 years) but the lack of time and skills needed to understand, interpret and apply them remain as challenges. 34 Paywall restrictions (where research publications are not freely available and monetized to the public despite a majority of research happening through public funding) and use of complicated scientific jargon alienate non-scientific groups although the information could be relevant to them too. 35,36 It has been noted that it is increasingly challenging for trained professionals as well (e.g., clinicians) to keep up to date with current and relevant research findings as well or act on them. 34 A study matching parents' concerns and questions to resources used (in autism)

found that with regard to science, 'near-science' and non-science questions/queries/doubts, parents used media and near-science resources more than scientific ones. 37 However, a progressive engagement with science was noted irrespective of the educational attainment of the parents/caregivers. It was noted though that parents' concerns leaned more towards practical (e.g., availability of local services) rather than scientific concerns. 37 The Science in the Classroom initiative from the American Academy of Sciences 38 tries to bridge this gap by annotating research papers to increase readability. 38 It could be interesting to see the effects of introducing annotated high impact research publications to communities concerned with mental health.

Increased number of mental health technologies -Increased scientific validity and effectiveness?

Over 10000 behavioural or mental health apps exist on the Apple App Store (iOS) and Google Play Store (Android), with over 150 million collective downloads for the top 25 most downloaded apps, with 23/25 iOS apps and 6/25 Android apps exceeding 100,000 monthy active users respectively. 39,40 However, for a large majority, it remains unclear how scientific, secure or effective many of these technologies may be, and the need to have standardized evaluation measures and consistency among them on how to rate/rank scientific validity, user experiences and effectiveness is was strongly emphasized. 39,40 A study found that 95% of the 695 'autism apps' listed on Autism Speaks' website (in 2017) offered no direct or indirect clinical evidence. 41 On reviewing highly ranked apps for 5 specific disorders/conditions in the Google Play Store (Android) and Apple App Store (iOS), though scientific language (44%) was used in claims about effectiveness (64%) to sell the apps, it was not always backed by scientific methods and techniques supported by prior research work (53% and 33% respectively). 42 Only one app had a validation paper, and no apps had high-quality evidence (such as from randomized control trials). 42 Many technologies are not evaluated for effectiveness in real-world settings. It is usually up to the users to figure out for themselves what may be most appropriate to their needs amidst several product claims that are unverified and that can be misleading and dangerous at times 39,40 leading to a huge wastage of time and resources. On the other hand, I opine that lack of clinical utility or research evidence (which can often take a long time to validate) does not necessarily translate as harmful or ineffective -evaluation measures must find the right balance between scientific validity and user-feedback. Social media is also increasingly used to study mental health through predictive models to infer mental health states and the presence of symptoms and disorders. 43 However, inconsistent and imprecise contruct validities (i.e., how well a study measures what it claims to measure) and a limited theoretical/clinical foundation and underpinnings among studies restrict replicability and widespread adoption of the methodologies and findings. 43 Rising number of research publications and mental health technologiesincreased benefit, scientific validity, reproducibility and translation to real-world effectiveness? I request the reader to ponder about approaches and digital ecosystems to facilitate the transition from siloed stakeholder efforts to more open inclusive models. The thesis presents potential solutions towards this goal.

Participation and engagement of the community in health research

People having mental health disorders, their families and caregivers do not actively take part in every stage of the research process, from defining the hypothesis and study design to analyzing the results. 44 Research is conducted on 'patients' rather than with them and clinical research is not on par with individualized approaches seen in medicine for physical diseases. 44 Barriers towards better representation and participation of non-scientists, 'patients' and study participants in mental health research include stigma, lack of understanding and issues of trust in research practices and researchers, and a lack of incentives including travel and compensation. 45 Educational strategies and active involvement of participants and caregivers were suggested to break such barriers. 45 'Patients like me' is an example of a patient network with thousands of patients describing treatments, conditions and symptoms, with over 100 research publications ensuing as a result. 46 Other groups such as the Patient-Reported Indicators Survey (PaRIS) addresses critical information gaps and aims to develop international benchmarks of health system performance as reported by patients themselves, 47 while the Patient-Centered Outcomes

Research Institute (PCORI) calls for an increase in patient-centered research and funds such projects. 48 People with health conditions sharing their experiences and forming communities on online platforms with others having similar conditions willing to self-experiment and explore solutions is gaining traction, demonstrated in fields such as ALS, Diabetes and Parkinson's Disease. 49,50 Figure 1-1: The author spends just an hour a year with her doctor compared to the rest in self-care, prompting her to initiative a 'self-tracking' project to monitor Parkinson's Disease symptoms using a smartphone app (an example of a 'N-of-1study' described in the following section). 51,52 Image credit: Sara Riggare 51 N-of-1 clinical trials that have been undertaken for various mental health disorders involve just one participant and investigate the effectiveness of an intervention on him/her, and represent a more individualized, tailored and personalized patient-centric approach. 50,53 Such N-of-1 trials were found to increase participant involvement in defining treatment goals, trial outcomes and taking medication-related decisions that were more relevant to them. 53,54 This is in contrast to randomized control trials which test the efficacy of an intervention in a group, where participants have to often wait until the study is published, and even after that, they and may not receive information relevant to them. 51 Both approaches have their pros and cons, and the right balance and suitability to a given study/condition must be explored. 54,55 Mr. Bodo Hoenen's testimony sharing his experiences dealing with cluster headaches Open Humans [START_REF] Benarous | Ecological Momentary Assessment and Smartphone Application Intervention in Adolescents with Substance Use and Comorbid Severe Psychiatric Disorders: Study Protocol[END_REF] and Midata 58 are examples of community-driven non-profit initiatives that encourage people to access and share their own data for personal and research purposes. In Open Humans, users or groups interested in health, research and education topics can create projects inviting others to share their data to do research collectively, join group activities, use in-built analysis pipelines to draw insights on their own data and discuss with a growing community through forums. [START_REF] Benarous | Ecological Momentary Assessment and Smartphone Application Intervention in Adolescents with Substance Use and Comorbid Severe Psychiatric Disorders: Study Protocol[END_REF] Likewise, Midata offers different health projects that participants can get involved in with an emphasis on data ownership and privacy. 58 DIY initiatives in health, started by patients themselves, are on the rise with examples such as the Artificial Pancreas System (APS) automating insulin delivery in diabetic patients,

suggesting that such open patient-driven approaches can reduce disease burden. 59

Innovation from and with people with mental health conditions and their families

A range of community initiatives, projects and technologies such as smartphone applications are initiated by people with mental health conditions and their families themselves. To name a few examples in autism, a parent with autism created Autcraft for his autistic son -a Minecraft video game server specifically for use by children with autism and their families in a peer-supported bully-free environment. 60 'Autism Village' was started by a parent to map/GPS to discover 'autism-friendly' businesses and services near you where users can view and add ratings and reviews. 61 Ultranauts is a software and data testing company on a "mission to prove that neurodiversity, including autism, is a competitive advantage in business". 62 Patient Innovation, 63 is an example of a platform highlighting examples innovative projects initiated by the 'patient', family or healthcare personnel.

Are community led initiatives undertaken in collaboration with researchers, clinicians and professionals? While publications, technologies and initiatives are on the rise, they are often scattered, siloed and lack the interoperability that would allow research and action at scale?

Towards Collective Intelligence & Approaches in Mental Health

In many crowdsourcing/citizen science projects, people are seen as collaborators rather than competitors and often contribute their time and efforts freely. In the software world, Github 64 is a great example where developers share code amongst each other to collectively improve, in a community of 36 million developers. 64 Wikipedia 65 is the best example of crowdsourcing where volunteers created a rich online encyclopedia with more than 48 million articles and 27 billion words in 280+ languages, which is growing continuously. 65 It is interesting to note that volunteers are not paid nor get sole authorship credit for articles they contribute to. Being part of an overall community (identification with a community) was attributed as a potential reason. [START_REF] Gallus | Fostering Public Good Contributions with Symbolic Awards: A Large-Scale Natural Field Experiment at Wikipedia[END_REF] Providing recognition (albeit symbolic) and incentives were suggested as means to keep volunteers and keep up sustained crowdsourced efforts 66 with, for example, Wikipedia having an honour system to reward high performing contributors (e.g., 'Wikimedian of the Year', 'Editor of the Week' etc.). [START_REF]What are altmetrics?[END_REF] An intricate balance has been observed between the number of participants solving a problem and its complexity, and between individual and collective approaches, efforts and gains, with new models being proposed to improve such dynamics. 68 In online crowdsourcing, finding best ways to incentivize, engage and motivate participants to contribute their ideas, thoughts, time and efforts is vital. 68 Crowdsourcing approaches are also applied to scientific problem solving through citizen science, a term added by the Oxford Dictionary in its June 2014 update which defined it as 'scientific work undertaken by members of the general public, often in collaboration with or under the direction of professional scientists and scientific institutions'. 69,70 Participatory citizen science initiatives are gaining in popularity and impact, bridging the gap between science and the general public in which researchers and citizens collaborate on initiatives for the benefit of science and the society, saving time, resources and accelerating scientific growth. 70 SciStarter, [START_REF]star Open Data[END_REF] a citizen science database has over 2000 registered projects (as of 2019) on a wide variety of topics (such as agriculture, ecology and the environment, disaster management, weather and climate, marine and terrestrial animals and birds, food and so on) and it states, "Often, you can use your mobile phone or the internet to collect and submit observations and to see results". [START_REF]star Open Data[END_REF] Galaxy Zoo, [START_REF]Estimating the reproducibility of psychological science[END_REF] where people help classify galaxies and the Eyewire 73 game to map the human brain are notable examples of citizen science projects contributing to data classification and pattern recognition. 74 The de-novo protein design by the online protein-folding game -'FoldIt' 75 used citizen creativity and design towards problem solving and creating new insights. 74,75 Can meaningful achievement and impact, driven by collective intelligence and approaches with the active involvement of different stakeholders, be accomplished in mental health?

Can citizen science where the mental health community works with researchers and technology succeed in sharing observations, insights and projects, leading to solutions?

In mental health, the nascent Autistica/Turing citizen science project aims at collecting firsthand information on sensory processing difficulties in everyday environments (such as train stations, places of work, universities etc.) from people with autism themselves and coconstructing solutions with a strong emphasis on the process, ethics and transperancy. [START_REF] Ince | The case for open computer programs[END_REF] Other examples include projects trying to crowdsource responses to better understand emotion regulation and the link between mental health and well being. 77,[START_REF] Calin-Jageman | The Cookie-Monster Study: The highly influential memory of a long-lost study[END_REF] While concerns regarding lack of project and data quality, researcher autonomy and misrepresentation/misuse of citizen science initiatives for ulterior purposes exist, 70 it is my belief that these concerns can be mimimized by higher involvement of scientists and relevant stakeholders, a strong emphasis on the ethics, better study designs and understanding of the different levels of citizen participation and engagement.

Can citizens/communities co-construct mental health research projects and actively

participate in all stages from defining the hypothesis to analyzing the results? Furthermore, I believe that citizen science projects in mental health can have a significant impact beyond project quality and output, by raising awareness on neurodiversity/mental health and the sensibilization, involvement and inclusion of mental health communities and society on the whole to co-construct solutions (also described in section 5.1).

There are different levels/types of participation, contributions and engagement seen in citizen science projects. 79 Defining 'what participation is and could entail' can be complicated and influenced by different factors such as socio-economic factors, gender, location and knowledge and skills. 79 For instance, engagement and skills can be classified as (a) high level of knowledge and high engagement (b) high level of knowledge and low engagement (c) low level of knowledge and high engagement (d) low level of knowledge and low engagement (supplementary table 1-1). 79,80 How and in what ways can someone contribute to a mental health project? In this context, care must be taken to reduce participant inequality while designing projects for all to contribute in meaningful ways. 79,80 Figure 1-1: M. Haklay's levels of participation/engagement in citizen science is depicted here as an illustrative example that can be extrapolated to mental health (credit: M. Haklay et al) 79 Citizen science driven by the mental health community has scope to be more in vogue and reach higher levels of utilization and application, in the sphere of mental health.

One in four people worldover will be affected by mental health disorders at some point in their life. 81 Many more are closely impacted, concerned or indirectly affected while caring for a loved one and are keen to or are already involved in finding solutions.

The global mental health crisis led to the definition of the third United Nations' Sustainable Development Goal (SDG#3) to promote mental health and well-being. 82 A large consortium of 594 researchers identified priorities and conceived grand challenges in mental health, where developing technological interventions, inclusivity and collective practical approaches with community engagement were stressed upon as some of the priorities. 83 There is thus a pressing need to unite stakeholder efforts for open collaborative science/research and build real and digital/virtual ecosystems for collective creation, sharing and evaluation of projects, insights and solutions.

As the saying goes, 'no two children with autism are the same'. Equally true is the fact that two people diagnosed with depression can have different symptoms. We must re-examine the 'one size fits all' approach and move towards a more personalized dynamic approach in mental health,. Can families concerned with mental health conditions be empowered with digital tools to monitor behaviours and collect and share their observations, data and insights themselves? This is a significant theme discussed across this thesis.

Digital Technology can engage, incentivize and catalyze such information collection and transfer, and shows promise of huge potential in improving mental health care, from reducing inequalities in research efforts to increased access and measures. 84 There is widespread access to smartphones even in places with inadequate access to mental health care, and this can be leveraged to raise awareness and prevention, in diagnosis and in the management and care of mental health disorders. 84 The feasibility of using technology such as smartphones as new tools in the understanding and management of diseases is increasingly being demonstrated, with digital 'on-person' assessments (e.g., phone apps, wearables, sensors and cognitive tasks) offering great opportunities for large scale data collection across individuals and communities, complementing 'in-person' assessments (e.g., survey instruments). 85 Drawing on trends in technological advancements and the concept of citizen-science-driven, inclusive, collaborative research in mental health, the thesis adopts a hybrid approach towards transitioning from closed scientific enquiries to more open models to empower communities for collective intelligence and action. 

The vision

Introduction

Towards Reversing Brain-Drain for Brain-Gain

Problem statement. The migration of students seeking education and academic opportunities abroad, away from their home countries, has become frequent across cultures and continents, with a 140% increase in 15 years, with 5 million students studying abroad in 2016, with over 800,000 and 300,000 from China and India respectively. 1,2,3 5 countries (China, India, Germany, Iran & South Korea) had over 10,000 of their students pursuing their doctoral degrees abroad, thereby improving prospects of scientific collaboration and learning. 3 However, the inflow rate of students and professionals from low-income to high-income countries (i.e., Global South to Global North) far exceeds the outflow rate resulting in a net 'brain drain'. This loss of highly skilled and educated individuals comes at a great cost for the source countries with its negative effects evident across sectors the economy and society. 4,5 Student migration can be motivated by and have implications towards prospects of recontributing to society in countries of origin in some distant future. There is a web of mutual causation between education and migration with returning migrants impacting their countries of origin through a combination of human, financial, and social capital/factors, and can transfer their knowledge, skills and experiences gained abroad, causing a potential 'brain gain'. 5,6,7,8 For example, one third of start-ups and half of prominent software companies in Taiwan and India respectively were started by return migrants, highlighting its importance. 8 It would be imperative for countries to provide the right incentives and policies to encourage return migration through higher salaries, attractive investment opportunities and efficiently adapt the work market to maximize the impact of skills gained, thus preventing 'brain waste' rather than 'brain gain'. 8

Solutions. New measures and policies have emerged to reverse brain drain and improve knowledge transfer/brain gain towards strengthening the economy and reducing global inequalities -for example, China established service centres to assist returnees from housing allocation to air-fare assistance to attract skilled citizens from abroad. 9 It also witnessed the return of 272,900 students, representing a 46% increase in 2012 compared to 2011, attributed to supportive policies and incentives provided by the government for returning migrants. 10,11 Other South Asian countries offered attractive financial packages to encourage temporary return of highly skilled nationals. 12 In South America, Colombia established a framework to recognize degrees obtained abroad and to attract young students studying overseas. 13 In our study, we propose an interdisciplinary peer-to-peer learning framework involving students studying abroad with students in their home countries to share their knowledge, skills and what they learn and accelerate reverse brain drain. Peer Learning, which naturally occurs in educational settings can be inculcated or formalized into academic curriculums to enhance learning, and is seen as a solution to overcome low student-teacher ratios. 14 15 Students designed methods, collected data and reported their results in peer reviewed research articles. It was found that students thus improved their knowledge, engagement and significantly contributed to science through their datasets and 130 articles. 15 The International Genetically Engineered Machine Competition (iGEM) brings students (300+ teams in 2018) from around the world, spending the summer learning together and building living systems of their own design combining biology and engineering. 16 The Open Source Drug Discovery (OSDD) project for tuberculosis involved a crowdsourced effort with undergraduate students in India consolidating information related to TB drug targets, and mapping protein-protein functional networks. 17 The novelty of our approach concerns brain gain, social impact, and 21st century skills.

Hypothesis. We propose a double hypothesis wherein (i) Contributions (towards others' learning, science and society) throughout the learning cycle abroad is possible, propelling a win-win situation since both 'student-mentors' studying abroad and students in their home countries learn and (ii) Such contributions strengthen the bond between migrating students and their countries of origin, improving the chances of returning home to make further impact, thereby reversing the 'brain drain' for 'brain gain'. 

Methods

To test our hypotheses, we leverage the student migration phenomenon to accelerate reverse brain drain by connecting students studying abroad with students from their home countries for peer-to-peer learning, fostering real (in-person) and virtual environments. We tailored a curriculum targeting research meta skills and the 21st century skills of creativity, critical thinking, communication and collaboration, that is discipline and location agnostic.

Additionally, students could potentially apply/disseminate what they learn by engaging with local communities to tackle societal challenges (in the larger umbrella of the UN SDGs). 14 Thus, the intent is to reduce the temporal gap between motivation, action and impact for students abroad to contribute to science and society in their home countries, while enriching their own learning and that of fellow students. Mental health was chosen as the topic of the assignments and coursework in our proof-of-concept pilot study. This was because the lead author (A. Krishnakumar) was doing his thesis on a mental health project and wanted to share his learning experiences and projects to attempt to positively impact students and society from his home country in India.

Participants

Students: The pilot peer-learning program was initiated in three universities/colleges -Center for Research and Interdisciplinarity (CRI), Université de Paris, France, 18 Patrician College of Arts and Science (PCAS), 19 Chennai, India and the Madras Medical Mission College of Health Sciences (MMMCHS), 20 

Curriculum

We tailored a curriculum targeting the 21st Century skills of creativity, critical thinking, communication and collaboration, with an emphasis on providing a foundation in research.

The foundation of the curriculum was inspired by the CRI master's program courses (Interdisciplinary Approaches to Life Science and Education and Technology tracks), where such curricula were implemented and evolved. Program modules/courses were topic independent and intended to be a formal framework targeting meta-skills.

7 modules were designed and implemented in PCAS and MMMCHS. The modules were flexible in nature to adapt to the learners' (students in Chennai) academic proficiency, cultural contexts and to possibly complement their existing curriculums. The curriculum was also designed and intended to convey insights into mental health topics (e.g., autism) since this was the theme of the pilot program. Modules involved both theoretical (peer-to-peer learning where students teach their peers) and practical components such as assignments, coursework and projects. 

Module 1: Interdisciplinary Bootcamp

The "Bootcamp" was an introductory module to assess current skills and provide a general framework, methodologies and overall, share a vision of the program. An emphasis was placed on the importance of interdisciplinary group work and peer-teaching. Students took part in team-building activities and 'icebreaker' sessions for idea generation and evaluation.

Each student presented his or her interests, strengths and weaknesses pictorially. The curriculum was introduced through keywords (e.g., citizen science, interdisciplinarity, collective intelligence etc.) with students describing them using analogies and perspectives from their disciplines.

Since the participating students had different academic backgrounds, sessions focused on providing a condensed overview of program topics and concepts, as they were familiar to some students while being new and challenging for others. General scientific concepts (e.g., probability and statistics) were explained across disciplines. No evaluations were given for this module.

Module 2: Design Thinking Processes

The first module was administered in the form of a workshop to understand the importance of the stakeholder's values and perspectives. It was conducted during a conference to mark the International Day of People with Disabilities held at PCAS, anchoring on local dynamics where many people were already present and mental health topics were discussed.35 students from sociology, psychology, and allied health sciences programs participated, from different colleges including PCAS and MMMCHS. They were given an introduction on autism and imagined themselves in the situation of stakeholder groups related to autism (people with autism, their parents and caregivers, researchers, doctors and therapists, policy makers and technology developers).

Students formed teams and empathized with the stakeholder group they represented, brainstormed ideas, questions and issues that they would have, and created empathy maps adding information to the template provided by us. Post-workshop, students of PCAS were given a lecture on the basics of design thinking. Eventually, the results of each group were presented and debated among all participants (e.g., the parent group debating with the policy maker group), where the importance of interdisciplinarity and inclusivity was highlighted (gathering all the stakeholders to collectively discuss solutions). There were no further assignments or evaluations given for this module.

Module 3: Introduction to Research Methodologies and Scientific Publications

The objective of this module was for students to read and collect information from papers of high-quality journals, understand experimental designs and critically evaluate them. As most students had not read research papers before, the module was adapted to the proficiency of the students and was tuned more as an introductory course on research papers and their structures and methodologies. Also, as not many students were from a biology-specific background, as illustrative examples, students were introduced to the central molecular biology dogma, DNA and its structure discovery, 21 and genes and mutations and how they were associated with diseases. A basic introduction about Genome Wide Association Studies (GWAS) and how they are conducted was given with the students being asked to collect information about the list of genes and the mutations identified through GWAS for autism as homework.

Assignments given for this module were on hypotheses building, Wikipedia-based activities, and exploration and synthesis of research topics that students had the freedom to select themselves. games, tools and applications with respect to their conclusions. Finally, students had to disseminate their findings through non-traditional means such as theatre and comic strips.

Module 5: Game Design for Research and Education/Game Jam

The objective of this module was to introduce students to the value of games/gamification in research and education. Students were presented with a project case study (the Includo game project), 23 which aimed to develop games to highlight the importance of inclusivity and diversity in the workplace with regard to the employment of people from different social classes, and women and people with disabilities. Students were taught the basics of game design in preparation for a game jam where they would make their own games.

Module 6: Towards Citizen Science and Scientific Citizenship

The objective of this module was to understand the motivations behind and contribute to citizen science projects. Students explored themes around the need for community-driven participative science and active involvement of scientists and the public in research, with successful projects highlighted. A large part of this module was taught with references to the development of our Open Collective Endeavours for an Autism Network (OCEAN) framework. OCEAN is a research project on mental health disorders and citizen science that aims to build a peer-based collaboration system bringing together mental health stakeholders.

In preparation for this, 180 projects on autism were curated and classified. Students explored projects on their interoperability and replicability. Their assignments involved identifying and classifying projects (e.g. research, technologies, community initiatives) with a particular focus on projects that could be useful locally (i.e., of particular relevance to the mental health community in Chennai/India).

Module 7: Creating Interdisciplinary Research Projects

The objective of this module was for students to design an interdisciplinary research project with the schools, based on their school visits and what they had learnt through their coursework. This module involved field visits where students visited two schools ('Ramana Sunritya Aalaya' and 'Chrysalis', Chennai) of children with mental health disorders five times and thrice, respectively. Students received presentations from teachers and trained professionals who shared their experiences. Discussions were held on how to interact with the 'special children' and empathize with them through activities. The schools encouraged students to take up careers in the field and explored different options in this regard.

Procedure

Administering the modules

Modules were administered by students from Paris in-person and virtually (by Skype), inviting punctually interventions from their professors as a voluntary after-university activity for students in Chennai. Local professors in Chennai helped with the coordination of the program and mentoring of the students and sat in for a part of the activities. The sessions were usually bi-weekly for three hours each. Homework, when given, involved an average of an hour and a half per class. Students were given the freedom to attend any modules that interested them or join any activity as a trial to experience the program. The students were provided access to computers and Internet connection when possible. WhatsApp was used for general communication, updates and announcements. We followed an agile and processoriented design process as opposed to product/subject oriented design while implementing the modules to offer flexibility to adapt the framework to a variety of subjects. Topics and levels of difficulty were adapted in accordance to student proficiencies and student and staff feedback on a regular basis. As a result, class hours, frequency and assignments were made less intense over the course of the program. No grades or scores were given for any of the modules and evaluation was in the form of constructive feedback given by peers.

Presentations, peer-evaluation and suggestions during courses

Sessions started with a debriefing of the previous sessions when needed with progress and questions discussed as a group by both students from Paris and Chennai (student peer feedback and peer evaluation). All assignments were submitted in a common Google Drive folder accessible to all students. A general guideline followed was for students/groups to provide at least three strong and weak points for assignments submitted by other students/groups. In this way, they also learnt from others' topics and assignments. Some assignments were presented digitally. Course coordinators submitted course reports and written feedback after sessions which were discussed amongst themselves and the Indian students, with requested changes implemented in subsequent sessions.

Feedback forms for the peer-to-peer learning program

Feedback forms were given on a voluntary basis to all participants after individual sessions.

Only students who attended all modules were given final feedback forms. Few testimonies were also collected from participants. Students explored online sources of information on autism and found that Wikipedia pages were varied and created by the public and were introduced to the concepts and potential of collective intelligence and crowdsourcing. Initially, many were surprised to learn that they could create a Wikipedia page by themselves. Students discussed the implications of language barriers and the lack of reliable information available in Tamil (more articles in English than Tamil). To improve awareness and access to information, students selected the topics 'music and autism' and 'sensory integration and autism' to create content and contribute to Wikipedia pages in both languages. A team of 6 members pondered over questions such as -'why can't a child with autism attend a music therapy session for long hours continuously even though it's proven that children with autism like music?'. The team used the research databases to read research articles and contributed 4 pages on 'music and autism' in English. Students created 'journey maps' for stakeholders concerned with autism (e.g., children with autism and their parents and caregivers) where they drew pictures on charts corresponding to their daily schedules of stakeholders, identified possible challenges faced and discussed potential solutions. For instance, a solution involved building a reward system to motivate children to complete homework -"Water must be added to small cups which are labelled with each subject that is to be completed and a reward must be placed in an empty water bottle. By pouring water from the cups (after completing their homework subjects one by one) into the empty bottle, the child can get the reward when it comes to float". As the final output, students selected comic strips (annex 2) and diagrams as a form of disseminating information with stories and first-person accounts of people with mental health disorders and intellectual disabilities. 

Module 6: Towards Citizen Science and Scientific Citizenship

Students contributed to the OCEAN project by adding and classifying 43 projects related to autism in spreadsheets. Projects were sourced mainly from the internet and word-of-mouth from peers, with the existing list of projects in OCEAN serving as references. Projects added included research studies, apps, games, community initiatives, with a focus on projects that resonated with the autism topics explored during the courses, and those that could be relevant for the local context/schools. For instance, students added projects on categories such as communication, social interaction, behavioural patterns, mental skills, motor skills, sensory skills, projects to help parents in the early identification of symptoms, virtual reality games, evidence-based research, resources required for teachers and caregivers etc.

Module 7: Creating Interdisciplinary Research Projects

Through school visits, students observed individuals with varying severities of autism and intellectual disabilities and their interaction with their peers and caregivers. The students also designed a research project with a questionnaire for parents and teachers to better understand and keep track of the behaviours of the children. A larger goal was to map resources used by local schools to resources that are actually needed and used in other parts of the world.

The questionnaire was built considering the characteristics of children with autism/intellectual disabilities, the intensity and frequency of their behaviour, assessing the degree of the parent's knowledge about their child's severity and their needs, knowledge about the information and the availability of resource tools for parents and teachers in their locality leading to resource gap analysis, enquiring about the area/aspect that the parent would like to get help and to sense the parents'/teachers' willingness to share their knowledge on resource tools to help and contribute to others. 8 questions were under the category 'behavioural patterns', 5 questions under the category 'social interaction', 8 questions under the category 'frequency of activities', 3 questions under the category 'communication', 9 questions under the category 'motor and mental skills' and 18 questions regarding the parents' knowledge and willingness to share information. The final questionnaire had 51 questions and was translated into the local language Tamil. Data collection, analysis and validation of the questionnaire is beyond the scope of this paper. Example questions can be found in supplementary table S-21. 

Discussion

We believe our student peer-to-peer learning framework where students apply what they learn

for research and education has potential applications beyond reversing brain drain for brain gain where students studying abroad connect with students from their home countries. Such frameworks can be directed towards meeting the UN's Sustainable Development Goals (SDGs) 24 where students can 'learn by doing through research paradigms/projects'.

This was addressed in our program through efforts to disseminate student efforts and projects initiated with local schools of children with mental health disorders and intellectual disabilities (SDG#3). 24 As noted in the 'Towards Citizen Science and Scientific Citizenship Module', participatory citizen science initiatives are gaining in popularity and impact, bridging the gap between science and society. Citizen science driven by student efforts has scope to be more in vogue and reach higher levels of utilization and application, thereby integrating academic, research/citizen science and peer-learning models for enhancing research and educational practices. Considerations to be explored in this regard involve training students and teachers to be citizen scientists, overcoming administrative constraints to include project-based learning and citizen science as part of the curriculum and ensuring the continued growth of the project. 25 Few guidelines to improve the quality and scientific rigour of citizen science projects are described in table 1-2 in subsection 1.2.2). 25 Thus, peer-learning frameworks need to evolve to promote innovative approaches to education and research to a broader audience and find solutions to major challenges our societies are facing today. Engaging students and professionals who have migrated abroad to contribute to the learning of students and co-construction of projects back home through peerlearning frameworks is envisioned as an approach to reverse 'brain drain' for 'brain gain'.

This was seen in this program, where master students of Indian origin studying abroad in France conceived and implemented the peer-learning program in their hometowns in India while studying themselves. With regard to scalability and sustainability, formalizing peer-learning in the curriculum and integrating ensuing efforts as formal requirements in graduate programs (offering credits as opposed to voluntary work) where students learn by doing research projects that contribute to societal challenges would be critical. Such 'Learning by Doing' concepts have numerous theories to support its effectiveness, associating it with relevance to what is learnt and the ease of learning and memorization, and are advocated across different contexts. 26 Action-oriented hands-on approaches used to teach empirical research methods could be rewarding for both the teacher and the student. 27 Students who learnt scientific concepts through physical experiences outperformed control groups calling for integrating such approaches to suitable topics in curriculums to enhance scientific learning. 28 Project quality and potential benefits from both scientific and societal lenses would need to be adequately addressed to incentivize researchers, organizations and communities to work with students.

Understanding what stakeholders need, quality control and careful design of project protocols/studies hence becomes imperative towards scaling and sustaining such models.

We 

Perspectives

Where the Chennai students are concerned, it was a chance to gain a glimpse of a different educational ethos with a curriculum co-constructed with the students themselves where the scope for initiative taking and independent thinking 'out of the box' was opened up. Their exposure to peer to peer learning/teaching, scientific research methodologies and the acquisition of new skills and tools, contributed in developing a proactive approach to learning by harnessing the gains of interdisciplinary group dynamics and a practical-oriented approach.

We hoped all this led to the students' gaining of interest and confidence to become better learners, in the process gaining a balance between knowledge acquisition, skill enrichment and contributing to the community which is bound to lay a foundation for their development.

This could have initially created a sense of discomfort, but it is creditable on the part of the students that they saw it as part of the process of intellectual growth and breaking out of system-created mental barriers to a healthier and more creative scientific culture. Students of different disciplines learnt and contributed to another discipline (mental health), with nonscientists like teachers and parents part of the process.

Students produced new content as part of their assignments and projects which will be Where the CRI 18 students/mentors are concerned, they too had to emerge out of the comfort zone of a set style of thinking, research and presentation, and develop impromptu creative techniques to reach out to students who were steeped in a different system. It kept them on their toes improvising and designing adapted versions of syllabi, topics and activities to amalgamate their plans with the different approaches of another system. We hope to inspire future studies to explore whether participation in such programs impacts the country of origin by strengthening the link between the student migrant/mentor and home country and improves the chances of going back to make further impact.

In our case, all 3 project mentors from CRI Paris who initiated the program stated that it they will go back and initiate future programs in india and Algeria respectively. Specifically, K.

Sivakumar went on to lead 'Scalable Approaches to Reinvent Advancing Societies' We hope that our peer learning model and experiences in this pilot program would serve as 'blueprints' for universities all over the world, adapting our general curriculum within the sphere of mental health as demonstrated in this program and beyond to other SDG themed projects with local communities. We call for future programs and students to enrich our model and curriculum by working on different topics and settings, using the SDGs as a bedrock towards learning through research across-globe actions.

Conclusion

Our results suggest that students participating in the program developed their research and 21st century skills, successfully learned new research and digital tools (such as Pubmed and Google Applications respectively) and acquired new skills and methodologies outside of their own discipline. Furthermore, this study demonstrates that program participants contributed to each other's learning, research and projects on mental health feeding a virtuous cycle including coursework, assignments, project contributions and peer-feedback. It empowered both learners, to tackle unknown subjects with scientific tools, as well as mentors, by gaining motivation to pursue and master their studies, and share what they have learnt. This exploratory study and its preliminary findings suggest that our peer-learning framework can scale cost-effectively across geographic, cultural and disciplinary borders, syncing science and societal needs, thereby transforming alarming global brain drain into promising local brain gain. We show that contribution (towards others' learning, science and society) throughout learning cycle abroad is possible propelling a win-win situation as both mentors studying abroad and targeted students in their home countries learn. Feedback from the program coordinators indicated a strengthening in the bond between them and their countries of origin, and a willingness to return to make further impact. The potential of student-led peer-learning programs where they apply what they learn through research projects to tackle societal needs, as part of their curriculum, is discussed below. Student peer-to-peer programs could be integrated with academic and research/citizen science models for scaling learning, research and educational practices, in the sphere of mental health as seen in this study, and beyond with other sustainable development goals and communities.

Limitations / Lessons Learnt

We acknowledge limitations in the study design and outcome. It is noted that the results and impact of the program were qualitative, and based on the views of the coordinators, students and staff involved. We hope to explore methods to better evaluate and gauge the impact of the program such as pre and post assessment and incorporate more objective ways of getting feedback for future studies. Not all learning objectives for a given module could be completed in some cases due to time constraints, unexpected holidays due to social protests, and changes in and increased workload in the student's academic schedules that took precedence over our program. In some cases, students could not complete their assignments due to various local factors such as varying schedules, administrative constraints etc. The program ran these risks from the start due to it being a voluntary after school activity on top of the rigorous existing academic schedules. We decided to proceed nonetheless as it could result in an enriching learning experience for the students. It was also suggested by program participants to reduce the scope and workload of the program, to integrate it with the existing curriculum and possibly offer academic credits, and to provide added clarity on the learning objectives and program expectations.

Based on the analysis of the results and the feedback of the program, we have identified a few parameters to be considered for effective interdisciplinary student peer-learning program design.

1. Credits/incentives for students' participation would increase student engagement 2. The design should support a balance among the interacting disciplines so that students from all disciplines can feel comfortable to be a part of the program, reducing the scope for drop-outs (one of the reasons for attrition).

3. Consummate mentorship is essential, apart from that of the general coordinator, to offer expert insight into the various topics that are dealt with.

4. There is a need for explicit metrics and scaffolding tools to achieve the intended learning outcomes. Data shows that students themselves lack awareness and higherorder cognitive skills which was an obstacle to their optimal performance. In this context, students should be given advance clarity and guidance with regard to the learning outcomes as well as equipped adequately with supporting tools in the process of mentoring them to achieve those outcomes.

5. Proper evaluation toolsthere is a dearth of standardized instrument to evaluate higher-order academic skills and quantify the various dimensions of the learning involved. This often poses a challenge when evaluating the impact of interventions targeting such skills, calling for further perusal of the same.

The very same challenges serve as a springboard for further research along these lines.

Perspectives beyond the study

Differences in teaching/learning dynamics between real (in-person) and virtual environments (skype) were evident, as noted by program coordinator K. Sivakumar. Tools such as skype offer unprecedented advantages for distance communication. It helped us connect with the students despite time and distance differences. However, when compared with in-person communication on site, virtual connections were slightly challenging in this particular context. Secondarily, lack of interaction and active involvement, due to technical limitations often times, lead to one-way communication rather than a discussion. Finally, facilitating group activities was far more difficult through skype than imagined. Facilitation of multiple groups requires constant observation in parallel with offering suggestions and guidance.

On the other hand, we were able to connect various experts from across the world to the without having to migrate. However, while many follow, low retention and completion rates since their advent have resulted in a shift in focus to provide online university degrees for professionals. 31 Interestingly, the number of enrollments and certifications was highly disproportional to participants from countries with a low Human Development Index and highly skewed towards developed/affluent countries. 31 This supports claims indicating that

MOOCs have not influenced migration patterns to the extent envisioned. 31,32 They cannot provide sufficient face-to-face and human interactions and mentorship between learners and teachers, and do a better job on topical subjects/challenges beyond improving one's knowledge through the content and lectures available. 31,32 Hence, this was another motivation for our approach towards interdisciplinary peer-to-peer learning/teaching by fostering both real and virtual environments. As noted in section 2.1, educational migration is a common phenomenon that leads to brain drain, and the pilot study proposed and explored approaches to reduce the temporal gap between motivation and action, to reverse brain drain for brain gain, where students in foreign countries could contribute to the learning of students as well as to research and education projects in their home countries ('non-monetary ways of giving back'). The overall vision of this model is to reduce global inequalities in health (SDG#3) 24 and education (SDG#4) 33 with participatory citizen science research paradigms and approaches to catalyze the 'brain drain to brain gain' vision.

As an extension to the pilot study, a generalized model/framework is proposed here to facilitate and nurture student and community led projects and provide them with the network (of both local and foreign mentors from the diaspora), tools and methodologies to participate The framework is proposed with the following steps:

1. Learning at Universities: Undergraduate and graduate students take their courses and work on projects, taught by professors and mentors, both locally and abroad.

Learning by Teaching:

Students teach the courses they have learnt to other students and adapt content to suit the learners' needs. Such teaching could also be used to validate theirlearning and be included in their final grades. This is particularly relevant in the context of reversing brain drain for brain gain, where students who study and graduate abroad can teach/engage with students and/or projects in their home countries. To facilitate this process, a digital library with modules, content, teaching material and recommendations will be provided. Users can customize existing templates, or build their own, which will feed back into the library. A first instance use-case implementing the above model that will be pursued post thesis through the following:

A. Student group internships where an interdisciplinary team of students work collectively on a research project through internships as part of their curriculum (first implementation at the master program at the Centre for Research and Interdisciplinarity (CRI), Université de Paris).

B. An Online Mentoring Program for the SDGs with a first implementation with universities in Chennai, India and Dhaka, Bangladesh.

It will be undertaken by three students/alumni who left their home countries to study abroad at the Université de Paris, and want to reverse 'brain drain' for potential 'brain gain' through scientific endeavours aimed to meet the SDGs back home, with the following steps:

(i) A call for projects will be sent to local universities where student teams add their proposals in a chosen platform.

(ii) Projects will be shortlisted for a month-long, weekly mentoring program consisting of presentations from local and foreign experts and mentor/peer feedback (inspired from University of Geneva's Open Seventeen challenge) 36 and

(iii) Projects will be refined based on feedback, and winning teams will be given funding and resources to conduct their projects.

A strong emphasis would be placed on scientific communication and dissemination of key results and findings through social activities and non-traditional presentations (e.g., comic strips, Wikipedia pages, theatre, awareness campaigns, hackathons etc.) with local communities. We strive to inculcate topic/discipline agnostic and reproducible frameworks and digital ecosystems that can be used by anyone anywhere, with a telling scientific ambience and a spirit that exemplifies Open Collaborative Citizen Science to harness collective intelligence to meet the SDGs 24 and similar challenges, where people can (i) have access to our data, tools and projects, (ii) meaningfully interact with each other and (iii) build on each other's learning. We hope our vision and work will resonate with the foreign diaspora of students and researchers to pursue projects along a similar vein in the sphere of mental health (as seen here) and beyond.

Mental Health Database (MHDB)

An Open Scientific Knowledge Base/Ontology for everyone in the world to use

Introduction

A galaxy of information in need of a telescope

The internet is an actively used source of information to understand and manage mental health conditions and seek expert opinions, as is increasingly being shown in different conditions such as psychosis. 1 This trend was also observed among different demographic groups such as university students raising awareness on mental health while lack of trust and unreliability of the information were identified as concerns. 2,3 In this regard, the digital lives of such people could be leveraged by providing them with appropriate suggestions and technologies. 1 A Massive Open Online Course (MOOC) developed by Swinburne University was designed to provide practical suggestions and coping strategies for parents and caregivers of children with autism, with over 10000 participant registrations. 4 Experiences are also shared on the internet by people with mental health disorders acting as important first-hand accounts/sources of information (also described in section 1.2.), where data collection can be automated and accelerated through artificial intelligence methods such as text processing. 5 For example, online forums were found to reduce stigma and promote greater disclosures of conditions and experiences, and could even be used as a supplement to treatment by clinicians as seen in perinatal mental illness. 6,7 Social media is increasingly being used as a source of information to study mental health through predictive models to infer mental health states and the presence of symptoms and disorders. 8,9 There is thus a great need to better structure useful information so that it is not lost in different sources and online websites that are scattered and not interoperable with each other.

Consider the following example below:

Mia's bakery employs people with autism in Australia who have good baking skills but need to improve their communication. Adi is a speech therapist in France who has a daughter with autism.

His friend runs a bakery and is looking to recruit new staff. If only Adi could see that the bakery in

Australia employs people with autism, he may consider discussing this prospect with his baker friend in France to explore employment opportunities for his daughter who loves to cook while he himself could at the same time provide tips to Mia's employees to improve their communication skills.

To this end, one of the aspects of the vision of MHDB is to improve the odds of finding relevant information regarding community initiatives where such information is mapped and structured with scientific information. From the viewpoint of the thesis, it was wondered whether preliminary indications of successful approaches, initiatives involving stakeholders working together, endeavours started by communities themselves and relevant research studies could be first and foremost identified, and then potentially scaled and replicated/reproduced/generalized in larger samples across different locations.

The value of constructing MHDB and its Raison d'etre

Some insights that shaped MHDB strategy and thought, inspired and adapted from Cognitive Atlas, 10 an ontology for cognitive neuroscience (from its research publication, 11 and discussions with the project PI) are listed here.

MHDB is envisioned as a knowledge base in mental health towards 

Towards mapping symptoms and behaviours to technologies

The number of mental health technologies is increasinghowever, as mentioned in the introduction chapter (subsection 1. Can such information be extracted from research publications, aggregated, structured and mapped to other components like resource guides, assessments, cognitive tasks etc. and be released to a wider audience, I wondered. This vision of mapping symptoms to technologies was a contributing factor in curating a list of symptoms (as a preparatory step) corresponding to a large range of disorder categories from reliable sources and mapping sensors to measures (e.g., a photoplethysmogram (PPG)

sensor can measure heart rates)see subsection 3.5.3. Such mapping however is oftentimes not straightforward and can involve multiple steps since many symptoms are not directly quantifiable (i.e., the level of depression a person has cannot be quantifiably measured but has to be inferred through subjective reports). The final mapping of symptoms to technologies is beyond the scope of the thesis. Additional preparatory work besides curating symptoms and technologies such as a system proposed to extract claims from projects and break them down into their bare components are elaborated upon in subsection 3.6.4.

MHDB intent and its Raison d'etre

In preparation for a stakeholder collaboration system where users can share their projects and insights, MHDB is being constructed as an open, digital mental health resource and ontology where users can find relevant scientific information on mental health and learning disorders.

While the target audience of many ontologies in the past were restricted to scientific communities, 15 the goal under consideration here is to expand MHDB's use to non-scientists and all stakeholders concerned with mental health.

The intent is to curate and structure useful scientific mental health information across different domains/components and sources in a single database, such as information on symptoms and disorders from nosology manuals, assessments used by doctors and clinicians, mental health technologies, research publications and projects involving people concerned with mental health disorders and relevant stakeholders.

It is envisioned as a framework that will make it efficient, quick and easy for multiple stakeholders to find relevant information within and across different mental health domains, such as symptoms, research studies, technologies, projects, assessments etc.

 Efficient implies structured information across different domains, showing explored and unexplored connections and relationships between different mental health entities.

 Quick includes customized searches to traverse & navigate through information fast.

 Easy implies interactive interfaces with filters to obtain information that is scattered across various sources.

With regard to the thesis, the emphasis is on the conception, building, curation and mapping of MHDB's content and scientific foundation to build a structured knowledge base/ontology in mental health. The development of a fully functional, interactive database engaging users and overlaying the scientific framework with a crowdsourcing framework for users to enrich MHDB content would be addressed post thesis.

Choice of technology and the possibilities to merge with other interoperable open ontologies

The semantic web is an extension of the current web infrastructure that supports more efficient navigation and meaningful 'optimized' use of digital content and resources, with its value and applications demonstrated in translational research from 'bench to bedside'. 15 In essence, it involves forming links between datasets from different sources to render them readable/understandable to both humans and computers. 16 More the connections between different entities (such as symptoms, assessments, technologies, projects etc.), more powerful the queries one can execute. It offers great opportunities to provide a common template or foundation that can support aggregation and integration of data from multiple, varied and diverse sources. 15 We chose to build MHDB in semantic linked data 15 (structured data interlinked with other data) infrastructure using the Resource Description Framework (RDF) 16 format. Linked data standards 15 have been designed to accommodate redundancies and inconsistencies expected from distributed human data entry and could even help determine variation in terminology usage (i.e., different terms or wordings used to describe the same thing) by using clear definitions rather than terms. This allows for an added motive of the database to encourage a more inclusive mindset amongst users by which, structuring information following database guidelines while adding and updating information could be beneficial for all, encouraging others to follow suit.

RDF 16 as defined by W3C (https://www.w3.org/2001/sw/wiki/RDF) 17 is a standard model for data interchange on the web that enables data linking and merging in different databases/ontologies despite their having different data organization and relationships between entities. It is also aided by virtue of RDF allowing linked databases to evolve separately as well.

It brings MHDB three-fold advantages, Firstly, to leverage the power of inferencing, whereby, relationships between different entities would be inferred in the absence of being explicitly stated. This could be especially powerful in large ontologies since it could highlight relationships and inferences that have been addressed as well as those that are yet to be addressed.

Secondly, for connecting/merging with other interoperable ontologies built in RDF, 16 enriching MHDB's content and relationships as a result. An entity may be classified differently in two semantic ontologies, and this information can be combined/linked in RDF thus expanding the database. As an illustrative example, since the Pubmed 18 (widely used online research publications database) is built in RDF, one can pull up related information such as keywords/MeSH terms and abstracts automatically.

Thirdly, each mental health component in MHDB such as disorders, symptoms, assessments etc. will accommodate considerable amounts of data in a structured form using RDF, facilitating larger and improved data mining and analysis possibilities.

Building MHDB as a semantic linked database in RDF format 16 was inspired by and met the requisite guidelines and recommendations to build a logic-based, interoperable and scientific ontology from the Open Biological and Biomedical Ontology (OBO) Foundry 19 with the following OBO principles ('open use', 'common formatting and relations' and 'collaborative development'), 19 summarized in annex 3-1. Inspiration was also drawn from Gene Ontology 20 regarding 'simple intuitive structure' and 'continuous evolution and active curation' 21 also included in annex 3-1.

The spirit of MHDB revolves around not reinventing the wheel, but rather, on drawing inspiration, insights, shaping strategy (observing what worked well vs what could be improved) and merging with other interoperable projects and ontologies, as could be facilitated by the abovementioned RDF format. 16 Examples of such ontologies that could be integrated with MHDB and will be pursued postthesis are listed in the following table. Plans are already underway with the active contribution of volunteers and members 22 of the MATTER Lab, CMI, New York and CRI, Paris. articles and practical guides, projects and community initiatives related to mental health. In the future, all stakeholders will be invited to enrich and update the database through an interface, thereby enriching content, adding their ideas and data, and projects. Note: Curation efforts were supported by volunteers and members 22 of the MATTER Lab, CMI, New York.

MHDB consists of the following components:

 Mental health and learning disorders from the DSM-5 23 

Mental Health and Learning Disorders

The first step was to list and classify mental health and learning disorders as per the Diagnostic and Statistical Manual of Mental Disorders (DSM-5). 21 A total of 754 disorders and their subtypes were added in the database. All disorders were grouped into 16 different disorder categories and subcategories wherever applicable.

e.g., alcohol use disorder has disorder category: 'substance-related or addictive disorder'; and disorder subcategories: 'substance-related disorder' and 'alcohol-related disorder'. Disorders are also classified under diagnosis-related-information such as diagnostic inclusion and exclusion criteria, diagnostic specifiers and severity. For example, Attention-Deficit/Hyperactivity Disorder (ADHD) had three diagnostic specifiers, namely 'combined presentation', 'predominantly inattentive presentation', and 'predominantly hyperactive or impulsive presentation'. Disorders were also linked to entities external to the DSM-5 23 such as their ICD-9 24 and ICD-10 25 codes (ICD: International Statistical Classification of Diseases and Related Health Problems by the World Health Organization) when applicable. Note: Not all disorders have corresponding ICD codes or equivalent classes.

Symptoms and Signs of Mental Health & Learning Disorders

943 symptoms and signs were derived from the DSM-5 23 corresponding to disorders that span most major disorder categories (neurodevelopmental, depressive, anxiety, obsessivecompulsive or related, trauma or stressor related, feeding or eating and substance-related or addictive categories). Symptoms and signs were derived from their corresponding DSM criteria. However, the process was not always straightforward since DSM criteria differ in the level of detail and nuance and can have complex structures relying on more than a simple checklist of symptoms. 26 Symptoms and signs were derived by breaking-down DSM-5 criteria to reflect and derive their core signs/symptoms with the following 4 guidelines/considerations, inspired by the approaches used in the E-SWAN study. 26 1. Definition: Extract symptoms and signs (which must satisfy the following definitions respectively) from DSM criteria corresponding to a disorder 1a. A sign is an observable or measurable indication of a disorder (e.g., stuttering) 27

1b. A symptom is a self-report of physical, mental or physiological effects of a disorder that are subjective and reflective of the inner experience of a person (e.g., depression). 27 Definitions and recommendations on how to differentiate signs from symptoms were followed 2b. If a criterion was composed of multiple entities, the criterion was broken down to the individual entities and signs/symptoms were in-turn derived from these individual entities.

This case applied only when conjunctions (e.g., 'and') were used to connect two different signs/symptoms/behaviours. 

Sub-criterion B =>  Sub-criterion C Symptom A  Sub-symptom B  Sub-symptom B
DSM criteria were often classified into sub-criterias. Signs/symptoms derived from a criterion and its sub-criterion respectively inherited the same hierarchy i.e., symptom and subsymptom, and were linked together in MHDB. 

Measures & sensors for measuring mental states & behaviors

72 measures were added to the database. The measures were linked to 12 measure types/categories wherever applicable. Initially, the starting point to add measures in the database were through mapping projects to what they were measuring, and when a project mapped to a particular measure which was not present in the database, that measure was added to the list and indexed. Eventually, measures were also sourced from other ontologies such as the M3-Lite Taxonomy 28 leading to a list of 187 measures. 

Tasks for measuring cognition (cognitive tasks)

The first set of 256 cognitive tasks added in the database were sourced from different digitized cognitive batteries online and the Third Edition of the Compendium of Neuropsychological Tests. 29 Tasks were classified based on the cognitive domains they measured (e.g., attention, processing speed etc.), features (e.g., type of operating system: browser, iOS and/or Android) and were provided with descriptions. It was observed that many digitized tasks were proprietary and closed, with no freely available demos. The mapping between tasks and the cognitive domains they measured were inferred when not explicitly mentioned in the source, based on information gleaned from their respective websites as well as from research studies that used these tasks. Tasks were grouped into categories wherever applicable (18 such groups were identified) since it was observed that different digitized batteries had different implementations/variants of the same task, with some using their own names rather than the task's generic name. My Masters project Open Collective Endeavours for an Autism Network (OCEAN) involved compiling and classifying autism projectsthese were the first projects integrated into MHDB. Other projects were added through online search strategies (e.g., "wearable devices in mental health"), word of mouth, identifying projects through their research studies and through seminars/meetings where a project was described by its team.

Mental Health Projects & Technologies

The approach and rationale followed in curating this component involved projects being broken down into their 'bare bones' or constituent categories i.e., representing every project as a collection of categories or bricks (like building blocks which could be used differently by different users according to their respective needs, ideas and purposes). Each project was classified based on categories such as type (e.g., application, resource guide, wearable device), sensors used, measures, research study on the project, behavioural domains it addressed (e.g., stress, attention), disorders or disorder categories, research group etc. wherever applicable. Due to the various categories and project types, all projects were not mapped to all categories (e.g., a community initiative need not necessarily involve a sensor) but only when and where relevant.

These constituent categories/bricks in turn could be connected to other projects wherever applicable. Through MHDB, I wondered whether different projects or entities linked with a 'brick' could give users an idea of what is already out there and what could be explored, and be modified, recombined and further built upon. Projects with similar themes, approaches and methods could be analyzed/interoperable based on common categories resulting in greater impact and reach. I believe that although some projects may fail/may have failed, the idea may still be viable and impactful ('it's time may not have come') and hence it should not be discarded, but rather explored further for feasibility, with lessons learnt from the previous project(s) in mind.

Adi is interested in mental health projects that use accelerometers. He uses MHDB, finds projects using accelerometers, and gains insights from these project to build his own. Measure: movement etc.

Domain: body focused repetitive behaviors

Lab: MATTER Lab, A. Klein et al

Research paper:

Thermal sensors improve wrist-worn position tracking and so on Thus, different categories to which a project is associated have their own listing/entities and are also interlinked. It should be explored as to whether and how MHDB can merge with existing databases (not built on RDF) 16 like the Mental Health Innovation Network 30 highlighting community initiatives across 6 continents.

Every entity in the database has been linked to its source. 170+ publications have been added

to the database. References are related mainly to research publications and nosology manuals.

Research publications present in the database can be broadly classified into those that are associated with projects and claims, those used to validate questionnaires present in the database and those from which information on cognitive tasks are sourced (1000+ research publications associated with cognitive tasks were sourced from the Cognitive Atlas ontology, 10,11 where this information was already present). Pubmed IDs 18 for publications that are available on Pubmed were added for future mining of author information, abstracts and MeSH terms (since Pubmed is also built on Linked data 15 like MHDB, as mentioned earlier).

Website links are directly associated with projects and are not grouped under references. A potential concern for this references component is how research publications that are not open access will be available to the public at large when the database is released.

Scientific articles and practical guides for parents and therapists [Child Mind Institute]

The Child Mind Institute aims to reduce the stigma and misinformation that cause so many children to miss out on life-changing treatments. The website, childmind.org, serves as a comprehensive resource for scientifically sound information on children's mental health.

Since 2011, over 25 million people have used our website to find dependable, up-to-date information. 535 scientific articles and practical guides for parents and therapists were taken from its website and added to the database. These articles are openly accessible, scientifically supported and written to be understandable keeping all stakeholders in mind. The articles cover all major disorders and disorder categories. Efforts are currently underway to categorize these articles better to facilitate easier and more efficient ways for users to find and navigate through relevant articles and map articles to other components of the database.

Behaviours derived from symptoms

The steps taken to derive symptoms from their DSM criteria are described in subsection 3.4.2.

Inspired by approaches taken in the E-SWAN questionnaire, 26 each symptom was transformed into its underlying behaviour, i.e., the behaviour that when impaired gives rise to the symptom. 732 symptoms were transformed into their underlying behaviours with the following guidelines:

1. Wordings were removed from symptoms that represent extremes or inability to perform a certain behaviour i.e., any words that depicted disability or inability to perform a behaviour to expected standards (e.g., 'fails to', 'difficulty in', 'lack of', 'deficits in') or were negative in nature or represented extremes (eg. 'marked', 'extreme') were removed whenever appropriate.

Symptom Underlying behaviour Words removed

Deficits in emotional reciprocity (autism spectrum disorder)

Emotionally reciprocate with others 'Deficits'

Does not follow through on instructions (ADHD)

Follow through on instructions 'Does not'

2. While wording the behavior, standardized practices recommended by the PROMIS guidelines 31 were followed with an emphasis on clarity, precision and general applicability. Behaviours were worded to be as generalizable as possible (e.g., removing any age restriction criteria). Importance was placed on grammatical structure in preparation for smooth generation of questions by integrating different domains (frequency, duration, intensity, context, ability etc.) to behaviours in a principled bottom-up manner to create a question bank as part of a future project My Mind Matters Quiz (M3Q described in subsection 3.7.2). Examples of this approach to generate questions can be found in Table 2-7.

It should be noted that the wordings used in the first set of behaviours were subjective and derived by me. The intent is not for these wordings to be final and not replaceable but rather having them improved through crowdsourcing, since they will be openly available and updatable. This would help us create a question bank with different variants of the same behaviour, also towards creating culturally relevant questions in different languages which anyone can use. 

Questions from over 150 mental health questionnaires

A repository of thousands of mental health questions (5849 questions from 159 mental health related questionnaires) was added to MHDB. Questions were mapped to their respective questionnaire instructions, response types (e.g., single choice, multiple choice etc.,), response options (e.g., yes/no) and so on. The initial set of questionnaires included were from two large scale studies aimed at collecting phenotypic, neuroimaging and clinical data -Child Mind Institute's Healthy Brain Network (HBN) study, 32 and the Nathan Kline Institute Rockland Sample (NKI-RS), 33 as they represent a rich set of 94 commonly used mental health assessments. Questionnaires were also linked to domains they measure/infer, with this information sourced from the HBN and NKI-RS study websites.

These questions would also be uploaded onto the data collection platform MindLogger (chapter 4), where they can be deployed at different settings (home, school, community) through an app, rather than requiring the respondent to be present in the clinic and answer the paper-and-pencil versions.

Each Question was mapped/associated with 20 other categories wherever applicable  Questionnaire to which the question belongs to  Questionnaire instruction: e.g., "in the last 3 months how often did your child exhibit these behaviours", "Compared to other children, how often did your child…", "Mark the option that best describes you…", etc.,  Question Group Instruction: when questions are divided into groups with each group having a different instruction in addition to the overall instruction  Response Option: All questions are necessarily linked to a response option (e.g., 0= "Not at all true", 1="Somewhat true", 2="Very true", 3="Definite true")  Minimum extreme: We wanted to highlight a rating scale's "negative" extremes in the response options, if present (e.g., if the response options are 1='don't know", 2='no sleep',… 5='lots of sleep', then 2 would be the negative 'extreme').


 Minimum extreme: This column was to indicate 'maximum extremes' counterparts in response options.

 Presence of n/a or "don't know" response options: Whenever response options had a n/a or 'dont know-type response' option, the corresponding index of the option was mapped (e.g., if it was the third option, index=3). With regard to quality control, the questionnaire content in MHDB were proof-read by comparing with their original/digital copies by HBN research assistants 34 with errors in the content rectified. An overarching aim was to digitize questionnaires for convenient and consistent data collection in different settings besides the clinic (e.g., home, school, community). However, since many questionnaires were developed as pen/paper versions, question instructions and other content would have to be 'language appropriated' and 'digital ready'. For example, instructions like 'circle', 'mark' or 'check the option' were modified to 'select the option' to make more sense when answered using a digital tool.

Some personal observations from curating MHDB's questionnaire component

As questionnaires (150+ with 5500+ questions) were integrated into MHDB (subsection 2.4.10), the following observations were made:

(i) Many questionnaires are proprietary and expensive.

(ii) They are not adaptive nor personalized to each user, with a small percentage of questions being conditional (>3%).

(iii) They are not open source nor interoperable, and hence improvements to an existing questionnaire like the addition of questions cannot be easily implemented.

(iv) Most questionnaires only focus on questions to infer symptoms or extremes in behaviour and are hence are non-neutral and negatively worded focusing on 'disabilities' rather than 'abilities', alienating or disincluding neurotypical populations.

(v) Most questions in questionnaires only focus on one domain (i.e., frequency or recurrence of behaviours and not other domains like ability duration, intensity and context).

(vi) There are no well-established provisions to allow for participant/respondent ideas, innovation and day-to-day experiences to be recorded, with most questions having fixed options to select from.

(vii) Questionnaires are not always complimented with objective measures like cognitive tasks. Hence, researchers use a strategy of administering subjective and objective assessments separately and then trying to infer relationships.

(viii) Although it is the respondents who answer questionnaires and give data, they do not have access to them nor do they get insights on the data they provided.

( probed by the same question. These results indicated the lack of multiple domains in existing mental health assessments. This was a motivating factor that lead to the MHDB survey study in the following section to understand the effects of adding multiple domains to the same core questions in psychiatric assessments. The questionnaires cited can be found in the HBN 32 and NKI-RS 33 websites.

Framing psychiatric questions using context better predicts disability than does frequency

Authors: Anirudh Krishnakumar* [1,2], Mauricio Hoffmann* [3, 4], Felix Schoeller [1], Jon Clucas [5], Jake Son [5], Giovanni A. Salum [6], Michael Milham [5], Lena Müller-Naendrup [1], Ariel B. Lindner [1,2], Arno Klein* [5] education, and disability. 1,504 participants took an augmented version of the SWAN test ('SWAN+'), where 4 domains were added to the ability domain already present (frequency, duration, intensity, and context). First, we used structural equation models and the tri-factor modelling to analyze if the latent construct of domains was independently associated with the outcomes. Our results suggest that adding domains such as frequency and context could help characterize disability beyond the domain originally probed by the SWAN questionnaire.

Different domains had different predictive effects across outcomes measured in the study.

We also complemented results from the tri-factor modelling with a more classical approach, by performing univariate regressions on the summed scores on each domain and the entire scale. Second, analyses were performed to identify the best predictor domain within each question to predict disability. Significant results were found for the ability and context domains on practically all questions (p<0.001), revealing that they are important for almost all questions, whereas frequency is predictive for only a subset of them. This confirmed the results of the tri-factor analysis demonstrating the clinical utility of our findings. It also indicated that context is more predictive than frequency, that ability and context should be uniformly applied, and that the ubiquitous frequency phrasing is not uniformly as informative in our study. Overall, our results suggest that the 'multidomain' approach to questionnaires may improve inferences about mental health and predictions of functional outcomes.

Furthermore, they hint towards potential revision of ADHD screening in the DSM. Framing questions using appropriate and relevant domains seems critical to measure psychopathology adequately, as opposed to asking solely about the frequency or recurrence of any given symptom.

Keywords: behavior sampling, questionnaire design, domains -frequency, intensity, ability, context, duration, symptoms, attention deficit and hyperactivity disorder, SWAN, WHODAS, functional outcome, hospitalization, self-harm, education, disability, tri-factor modelling, DSM.

Introduction

To characterize the behavior and condition of patients, mental health questionnaires frame questions representing domains such as frequency, place and time (i.e., context), duration, and intensity. The majority of questionnaires measure behaviors and illnesses along a single domain such as frequency or the recurrence of the behavior or illness, with domains such as duration and context less commonly measured across different disorders. 34 Such a singledomain approach might limit the inferences one can draw based on the participant's/patient's responses and the amount or type of information that can be derived from the instrument. For example, the question "How often do you get nervous?" probes the frequency of being nervous, but not the intensity/severity of being nervous. This may fail to capture some information that could be critical to distinguish unhealthy and healthy stressors, such as for example the distinction between spontaneous bouts of anxiety and the fear of public speaking.

To the best of our knowledge, no study has yet examined the predictive effect of applying different domains (e.g., frequency, duration, intensity, ability and context) to the same core questions. In this study, we investigated whether adding multiple domains to mental health questionnaires could help better characterize symptoms/behaviors of both positive and negative outcomes.

Specifically, we studied how framing psychiatric questions over multiple domains could improve statistical inferences, and thus allow for more accurate predictions of functional/behavioral outcomes. To do this, we set out to answer two key research questions.

First, does the addition of new domains better predict functional and behavioral outcomes than single domain approaches? Second, which domain (among frequency, intensity, duration, context and ability) within each question best characterizes outcomes such as disability?

We operated on the 'Strengths and Weaknesses of Attention-Deficit/Hyperactivity Disorder Symptoms and Normal Behavior Scale (SWAN)' questionnaire, 36 a questionnaire used in the assessment of Attention-Deficit/Hyperactivity Disorder (ADHD) that probes relative strength of abilities rather than weaknesses (presence or absence of ADHD symptoms), as seen in most counterparts. As part of a research study on the design of mental health questionnaires (see Figure 1), we assessed whether augmenting SWAN by adding domains (SWAN+) could better measure functional outcomes. Our study is part of a larger study of mental health questionnaires. The SWAN 36 is now widely used, and its validity established and on-par with traditional counterparts for measuring ADHD-related behavior. 37,38,39 It has a 7-point response scale ranging from good to bad, inclusive of both less symptomatic or non-affected populations. Factor analysis and summary statistics (mean, skewness, SD) were used to compare and validate SWAN with its source, SNAP. The team that created the SWAN also argued for the advantage of its approach by pointing out that other questionnaires need complicated statistical analyses (e.g., assigning T and Z scores) due to limitations caused by their questionnaire designs. 37,38,39 The E-SWAN aimed to extend and test SWAN's approach beyond ADHD; questions were modified and re-worded from DSM symptoms into behaviors to reflect strengths and weaknesses in major depressive disorder, panic disorder, social anxiety disorder and disruptive mood dysregulation disorder. 39 The original SWAN questions probe the domain of ability. We augmented SWAN to create "SWAN+" by generating additional questions probing new domains such as frequency, duration, intensity, and context.

We hypothesized that adding multiple domains to questions in psychiatric assessments of symptoms and behaviors will help better predict disability variance (i.e., 'Getting along with people' and 'Life activities' sections of the World Health Organization Disability Assessment Schedule (WHODAS) 40 in our study, above and beyond the general latent factor or specific item/question factor. In the specific context of SWAN, 36 we tested the null hypothesis that the predictive value of assessments with added domains would be equivalent to assessments with fewer existing domains, in terms of explaining the disability variance. In order to assess whether specific domains or the additive effect of domains in a questionnaire could better predict functional outcomes, we tested how well the domains predict functional outcomes (such as hospitalization, level of education or self-harm).

We tested the null hypothesis that different domains are equally good at characterizing symptoms and behaviors. The rationale here is that since existing questionnaires lack multiple domains, they may be missing domains that could be better predictors. They also fail to recognize inter-subject variabilities (e.g., gender) especially for factors that are likely to change over time (e.g., age). By adding domains, questionnaires can be personalized further and thereby enable the detection of greater inter-subject variability. By examining these hypotheses, we will be able to assess whether specific domains are better predictors, and whether they are influenced by factors such as age or gender. Answering these questions can lead to smarter questionnaire design, may improve statistical inferences, and allow for more accurate predictions in mental health.

Methods

Methodological context

Participants

We recruited participants using Prolific Academic (https://prolific.ac/), 41 an online crowdsourcing platform used for data collection. 41,42 Parents (N=1,504) with young children (ages 6-17, 730 females) completed surveys and were provided with a small monetary compensation (see 

Procedure

Participants were invited to take part in an online study on the platform. First, participants who fit the inclusion criteria (parents with children of ages 6-17) could access the study and its description.

Second, those interested to participate signed a consent form and were informed about their rights.

Third, they answered our questionnaire (with questions from the original SWAN questionnaire 36 and from the SWAN+, an extended version of the SWAN that probes additional domains for comparison).

Participants also answered questions related to demographics, educational attainment, hospitalization, self-harm and the D4 (Getting along with people) and D5 (Life activities) sections of the WHODAS). 40 The entire questionnaire is available in supplementary table 1.

Finally, for quality control, we were able to filter responses deemed to be completed too quickly or slowly and approve responses. The questionnaire was automatically closed once the desired number of participants was reached.

Materials

Questionnaire construction process (SWAN+)

Construction and Standardization

We constructed the augmented SWAN (SWAN+) questions from the 18 SWAN items, 2 and their corresponding behaviors. Each question in the SWAN has a prompt ('How does your child do the following behavior compared to other children') to probe for ability, with each of the 18 questions corresponding to a particular ADHD behavior. Our first step was to remove this prompt and derive the 18 underlying behaviors. As an illustrative example, from 'How does your child give close attention to detail and avoid careless mistakes?', we derived the underlying behavior 'Give close attention to detail and avoid careless mistakes'. Inspired by the SWAN, 36 and E-SWAN, 39 questionnaire design, we used a standardized process for questions to have consistent language and formatting throughout. We applied domains (frequency, duration, intensity and context) to the underlying behaviors to generate questions for multiple domains.

Prompt construction

We constructed prompts for the frequency ('How often does your child'), duration ('How long does your child'), intensity ('How intensely does your child') and context ('When does your child') domains we wanted to probe. For clarity, the overall question instruction ('Compared to other children, how well does your child do the following') in the SWAN 2 was added as a post-prompt ('compared to other children') at the end of each question rather than just once at the beginning of the questionnaire.

Question construction

We applied domain-specific prompts to each of the 18 underlying behaviors to generate new questions (pre-prompt + behavior + post-prompt). We also retained the original SWAN 2 questions reflecting the 'ability' domain through the 'How does your child' prompt. Thus, each behavior was represented by a total of 5 domains: frequency, duration, intensity, context, and (the existing original domain of) ability. The aggregate of these five domains constitute an item. The SWAN+ questionnaire contains 18 items over 5 domains for a total of 90 questions.

Disabilities/Difficulties in performing life activities

To assess disabilities or difficulties faced in social, household and life activities, we used the World Health Organization Disability Assessment Schedule 2.0 (WHODAS) questionnaire. 40 We included the D4 (Getting along with people) and D5 (Life activities) sections of WHODAS. We also included questions probing for self-harm, hospitalization, and education (number of years studied in school and number of years (grades) repeated in school). We didn't ask any questions about personal health or identifiable information.

Ethics

The experiment is in compliance with the Helsinki Declaration. As this was an online study, all recruitment and contact with participants were made through the Prolific Academic

Platform and the study coordinators were blind to the participants or their personally identifiable information. Participants registered to the platform already signed ethics/consent forms with regard to their data being collected by the platform. All participants who took part in the study gave their voluntary informed consent and we followed the Ethics Code of the American Psychological Association. All participants were informed about the purpose of the research, about their right to decline to participate and to withdraw from the experiment and about the limits of confidentiality. We also provided them with a contact for any questions concerning the research and with the opportunity to ask any questions regarding the phenomenon under study and to receive appropriate answers.

Statistical analysis

Classic regression models using sum scores

We first performed univariate and multivariate regressions to explore how much of the outcomes would be predicted by the summed scores of the entire scale, the 'attention factor', the 'activity factor', domains and questions, adjusted by age and gender. The purpose of this analysis was to delineate the effects of domains and reveal the predictions of the scale if scores were summed and considered separately (univariable analysis) or simultaneously (multivariable analysis), using a classical measurement theory approach to complement the more modern tri-factor analysis method (described below). We summed all 90 questions (18 questions * 5 domains each) for the total score, the first 45 questions for the 'attention factor', the last 45 questions for the 'activity factor', 18 questions for each domain (e.g., all questions with the frequency domain) and 5 for each question (i.e., a question represented by each of the domains).

Questionnaire modeling with the tri-factor analysis

The primary analysis method used was the tri-factor model analysis, a type of Confirmatory Factor Analysis. The advantages of using tri-factor measurement models against traditional counterparts for modeling multi-informant data have been recently highlighted. 43,44 As elucidated by Bauer et al, 2013, 43 the model is an extension of the bifactor model (Holzinger and Swineford, 1937), 45 which separates general factors from specific factors (in the present case, attention and activity) in a given questionnaire (or instrument). The key feature is that tri-factor modeling separates what it stipulates to be three separate sources of variability, namely the common (i.e., consensus) view of the target, the unique (i.e., independent) perspectives of each informant, and specific variance associated with each item of the questionnaire (question). The purpose is to evaluate item quality in questionnaires, test sources of variability (e.g., from the trait itself, question framing or items), and provide scores related to each source variability to test its predictive validity. The model, by virtue of its identification of items with respect to both shared and unique perspectives of the informants, improves the characterization of informant convergence and discrepancy. 44 We applied the tri-factor model to analyze our data, with a slight modification of source variability modeling. Instead of measuring the informant perspective, we modeled the domains, together with the general and specific attentional and activity factors of the questionnaire (construct itself) and the item (question) factor, as depicted in Figure 2.

Through the analysis of domains and the individual items, we summed up information from each domain. These models will help disentangle item (question) effect, separating effects of domains from behaviors themselves (disentangle frequency, context, intensity and duration aspects of a given behavior, from, for example, the attentional trait that these domains are built in). Such a model provided the predictive validity of each domain, separating it from the predictive validity of the item of interest and also from the overall effect of the measured construct, independently from domains. If the specific domain factor proves reliable and predictive, framing questions into domains might be useful for measuring psychopathology, instead of questioning only how much of the symptom a given subject has.

To assess the reliability of the tri-factor model, we used omega (Raykov, 2001) 48 (ω, a modelbased reliability estimate, appropriate for models which have varying factor loadings) and the hierarchical omega coefficient (Rodriguez et al., 2016) 49 (ωH, which judges the degree to which composite scale scores are interpretable as a measure of a single common factor and is more conservative than the ω coefficient). The omega estimate is suitable for congeneric tests where entities belong to the same measure but with different weightage, in contrast to the alpha coefficient which is used when all items/questions belong to the same measurement by the same amount. Values of ω and ωH coefficients vary between 0 and 1, where higher scores indicate greater reliability.

Outcomes of modeling

WHODAS was modeled using a second-order model adapted for the three first-order factors ('Getting along with people', 'Household activities' and 'Life activities') that were used in the study, since the first and third factors did not converge in the factor analysis. This is based on previous literature where factor analysis of the WHODAS revealed a two-level hierarchy with one general disability factor feeding into the six subfactors. 50 In other words, WHODAS was modeled using an over-arching disability factor (second-order factor), which loaded into two first order factors. These first-order factors then loaded into their items. All first-order factors were correlated only via the second-order factor. We also ran an additional structure whereas 'life activities' items loaded in the same first order. However, this last model did not converge.

Other outcomes were years of schooling ("How many years of schooling has your child completed?"), school retention ("How many grades (years in school) has your child repeated?", binarized as yes/no), hospitalization ("Has your child been hospitalized in his/her lifetime?": yes/no) and self-harm ("Has your child engaged in self-harm in his/her lifetime?": yes/no). Age and gender were used for adjusted regression models.

Regression models

Univariable and multivariable regression models were applied after all factor scores from latent models were extracted. Multivariable models included all tri-factor latent factors as predictors, alongside age and gender. In these models, the additive main effect of domains and questions to the general factor could be observed. Logistic regression models were used for binary outcomes (school retention, hospitalization and self-harm). Linear models were used for years of schooling and WHODAS general disability/impairment factor. All analyses were performed in R, using the finalfit package by Harrison, Drake and Ots. 51 All regression models were adjusted to the False Discovery Rate (FDR) method, proposed by Benjamini and Hochberg. 52 From the total sample (N=1,515), 1,504 subjects fell within the age range (children of ages 6-17, 730 females) used in the study. No siblings were included in the final sample. The final sample description can be found in Table 3-13.

Towards identifying the best domain within a question to measure outcomes

Additionally, for each question, we examined what would be the best domain to capture functional assessment, in the hope of providing clinically useful recommendations for potential DSM revisions (currently, all DSM criteria for ADHD are frequency-based. With regard to the 18 ADHD-related questions in SWAN, 36 other response domains could be better suited with, for example, frequency for question 1, intensity for question 2, and so forth). For this 'domain within a question analysis' to identify which domain (within a question) captures most variance, we ran multivariable regression models using the five domains of each question to predict the disability outcome from the WHODAS. 40 Running multiple regression models with all 5 domains at once could help identify the best composite domain out of the 18 items (i.e, 18*5 questions with each question representing a domain in the item). Hence, we used WHODAS 40 as the outcome while performing multivariable regression using all domains of each question (18 regressions and 5 predictors), since the strongest association we found in the tri-factor analysis was with WHODAS. 

Towards identifying the best domain within a question to measure outcomes

Additionally, for each question, we examined what would be the best domain to capture functional assessment, which could have significant practical applications and clinical utility.

An added hope was to potentially provide clinically useful recommendations for potential DSM 23 revisions (currently, all DSM criteria for ADHD are frequency-based. With regard to the 18 ADHD-related questions in SWAN, 36 other response domains could be better suited with, for example, frequency for question 1, intensity for question 2, and so forth).

For this 'domain within a question analysis' to identify which domain (within a question) captures most variance, we ran multivariable regression models using the five domains of each question to predict the disability outcome from the WHODAS. Running multiple regression models with all 5 domains at once could help identify the best composite domain out of the 18 items (i.e, 18*5 questions with each question representing a domain in the item).

Hence, we used WHODAS as the outcome while performing multivariable regression using all domains of each question (18 regressions and 5 predictors), since the strongest association we found in the tri-factor analysis was with WHODAS.

Results

Classic univariate and multivariate regression models using sum scores

The results of the regression analysis with the predictions of the composite summed scores for each domain adjusted by age and gender can be found in Supplementary Table S3-2

(univariate regression with scores summed and considered separately) and Supplementary Table S3-3 (multivariate regression scores summed and considered simultaneously).

Supplementary Table 3 shows predictions of multivariable models, in which all sum scores were included in the models alongside age and gender. Results from this analysis revealed that some domains were associated with disability (WHODAS factor scores) independently from other predictors derived from the scale. Nonetheless, given that the analysis used sum scores from the same items, not all domains and questions were associated with disability due to singularities with other predictors, and for example, it was not possible to access the context domain with the multivariable analysis. Factor models improve this, since they can be modelled orthogonally (using factor scores compared to sum scores) enabling all predictors to run in the regressions. Results from the tri-factor model are presented below.

After FDR correction, associations remained between the instrument's factor scores (general, domains and questions) with disability (WHODAS 40 factor score) and self-harm. Regarding the whole sample, disability was negatively associated with the domains ability (β= -0.10, 95% CI= -0.14 to -0.06, p<0.001), frequency (β= -0.10, 95% CI= -0.15 to -0.05, p<0.001) and context (β= -0.12, 95% CI= -0.16 to -0.08, p<0.001), as well as question 4 ('follows through on instructions') (β= -0.18, 95% CI= -0.24 to -0.11, p<0.001). Questions 13 ('play quietly (keep noise level reasonable')) (β= 0.09, 95% CI= 0.04 to 0.15, p<0.001) and 15

('modulate verbal activity (control excessive talking')) (β= 0.06, 95% CI= 0.01 to 0.11, p=0.034) are associated with higher levels of disability in the whole sample. Aside from these, the instrument's general factor and attention factor are associated with lower levels of disability (Figure 2A and Supplementary Table S3-4).

In Figure 2B, question 4 (Odds Ratio = 0.55, 95% CI= 0.37 to 0.80, p=0.011) and question 7

('keep track of things') (Odds Ratio = 0.64, 95% CI= 0.48 to 0.85, p=0.011) are also associated with a lower OR for self-harm in the whole sample i.e., a child who keeps track of things or follows through on instructions is less inclined or likely to engage in self-harm.

These results suggest that adding domains such as frequency and context could help characterize disability besides domains originally probed by the SWAN questionnaire (i.e., ability). However, the same relationship was not observed consistently (e.g., between these domains and self-harm). Hence, the addition of domains to SWAN+ questions may predict disability, but not educational levels or hospitalization. However, concerning educational levels, no factors from the present SWAN+ (no domains, general or specific factor and questions) predict the 'years of schooling' or 'school fail' outcomes. From an analytical perspective, both classical and modern measurement theory analyses showed some consistency with the ability and context domains predicting disability in both sum score regressions and tri-factor model analyses respectively

Best-domain within a question analysis results

Concerning the best domain within each question to measure outcomes, we listed in Table 2 the results from the multiple regressions using all domains of each question (18 regressions, 5

predictors plus age and gender) to predict disability using WHODAS 40 as the outcome (the strongest association found in the tri-factor analysis).

Significant results were found for the ability and context domains on practically all questions (p<0.001), revealing that ability and context are important for almost all questions, whereas frequency is predictive for only a subset of them, i.e. the ability to regulate attention/activity as well as context in which a child expresses these traits are important in almost all questions to predict disability.

Thus, it indicates that context is more predictive than frequency, that ability and context should be uniformly applied, and that the ubiquitous frequency phrasing is not uniformly as informative with respect to the questions and outcomes measured in our study. These results confirm the tri-factor results by showing that ability and context are important to predict disability (WHODAS outcome) and demonstrates the potential clinical utility of our psychometric findings. 

Discussion

We investigated whether adding multiple domains to mental health questionnaires could help better characterize symptoms/behaviors and their (positive and negative) effects on disabilities and functional outcomes. We built an augmented SWAN (SWAN+) questionnaire, using adverbial phrases to add multiple domains (frequency, duration, intensity, context) in addition to the 'ability' domain in the original SWAN 36 questionnaire. We tested whether this expanded version (SWAN+) could improve measuring disability (as measured by WHODAS), hospitalization, self-harm and levels of education. Taking the whole sample into consideration without segregating for age group or gender, we found that disability was negatively associated with the domains -ability, frequency and context, which were novel dimensions in SWAN+. These results suggest that adding domains such as frequency and context could help characterize disability besides domains originally probed by the SWAN questionnaire (i.e., ability). However, the same relationship was not observed consistently (e.g., between these domains and self-harm), suggesting that domains are differently associated with different outcomes.

Our search to identify the 'best domain within a question' to predict disability revealed that ability and context matter for almost all questions, hence probing for context appears clinically useful in this study (the latter was not probed in the original SWAN questionnaire).

These results demonstrate the clinical utility of framing psychiatric questions on attention and activity, by adding domains such as context. Interestingly, this also suggests that context should be uniformly applied to all questions and is more predictive than frequency, which was uniformly not as informative and relevant only to a subset of questions. Furthermore, our study highlights the pressing need for questionnaires to be designed with the appropriate domain for each question to best measure outcomes, in contrast to using the same single domain throughout the questionnaire, as seen in most questionnaires.

These results must be understood in light of the study's limitations. First, we used the SWAN questionnaire, 36 generally used to probe ADHD and related behaviors. It remains to be seen if the results were specific to these behaviors or can be generalized for other behaviors and questions inferring symptoms from different disorders such as autism spectrum disorders, depressive disorders and anxiety disorders. Second, the study sample involved a general population which was not screened for diagnostic information. Concerning the WHODAS 40 results, it may seem as though they resemble a tautology, to the extent that WHODAS does involve ability and context sensitive elements. However, it should be emphasized that the abilities and contexts framed by each question domain (e.g., "How well does your child sustain attention on tasks?") are fundamentally different constructs compared to the general traits measured by WHODAS (e.g., "How much difficulty did your child have in getting along with people?") and the two are not interchangeable. Future studies should explore whether the addition of domains to questions in psychiatric assessments improve prediction of disability, as compared with the results obtained with a pre-determined diagnosis. Third, all regressions presented are multivariable. However, predictors derived from the tri-factor model were modeled orthogonally. This means that any possible correlation among factors are not due to a shared nature.

Conclusion

We tested whether framing psychiatric questions over multiple domains (ability, frequency, duration, intensity, and context) adds predictive value to mental health instruments. For this purpose, we built SWAN+, an enhanced version of SWAN, a mental health questionnaire assessing ADHD symptoms in a positive way, measuring abilities rather than disabilities. In SWAN+, each question became an item assessing 5 distinct domains (ability, frequency, duration, intensity and context). We then evaluated the extent to which SWAN+ predicts disability and functional outcomes (hospitalization, self-harm and education levels). Our results suggest that the 'multidomain' approach to questionnaires may improve inferences and allow for more accurate predictions of mental health and functional outcomes and that specific domains factors may prove reliable and predictive over specific outcomes. Adding multiple domains significantly increases the time burden of testing since it multiples the amount of queries. Hence, we also investigated which domain within a question best characterizes outcomes such as disability towards smarter survey designs and found clinically relevant results suggesting that context could be a better predictor and could be more uniformly applied compared to frequency in our study. This suggests that framing questions into appropriate and relevant domains is critical for adequately measuring psychopathology, instead of questioning only the frequency or recurrence of any given symptom. In the future, the methods introduced in this article could allow for shorter, more efficient questionnaires with best indicator questions. Future studies should explore whether different age groups understand the questions in the same way (weak/metric invariance), and whether the structure of the instrument is the same for boys and girls (configural invariance).

MHDB Future Projects and Considerations

Towards My Mind Matters Quiz (M3Q)a comprehensive, adaptive, online mental health assessment tool

My own observations while creating the MHDB Questionnaire component (subsection 2.4.10) added impetus to resolve a pressing need in creating improved assessments that could be engaging, dynamic, personalized and practical (with regard to tracking mental health and functional impairments on a regular basis). This led to the conception of the My Mind Matters Quiz (M3Q) project towards building a comprehensive, adaptive, online mental health assessment tool -a free open source adaptive questionnaire for people to create and track their own mental health profiles, much like popular personality tests.

Most questionnaires are aimed at inferring extremes in behaviour for diagnostic purposes which alienate neurotypical populations even when the underlying behaviour could be relevant to them (also described in section 2.10). To overcome this constraint, M3Q will also focus on neurodiverse behaviours in addition to symptoms that users can monitor longitudinally. User responses could be linked to relevant MHDB resource guides and projects, and game-like cognitive tasks where performances can be tracked over time (also described in subsection 5.4.4). The normative standards and the cut-offs in scoring (i.e., the thresholds that determines whether one has a given disorder or not) in questionnaires can be dynamically updated through approaches such as M3Q by collecting responses from larger sample sizes, different demographics and cultures in contrast to existing standards based on static old datasets derived from small populations mainly in high-income countries. 53 Besides content from existing and open questionnaires, a source of questions for M3Q could be those generated from incorporating multiple domains (ability, frequency, duration, intensity and context) into neutral behaviours derived from symptoms (see MHDB's behaviour component in subsection 2.4.9), thus creating our own free open question bank.

Will creating a freely available question repository by generating questions from neutral behaviours derived from symptoms in a principled-bottom-up manner lead to more helpful and informative answers (while overcoming constraints observed in subsection 3.4.10)?

A first step already taken in this direction was to assess how well adding adverbial phrases representing the above domains (ability, frequency, duration, intensity and context) i.e., framing psychiatric questions over multiple domains can characterize symptoms and predict disability, through the MHDB survey study (section 3.5).

Colleagues in the Child Mind Institute are in the process of deriving a comprehensive set of unique (non-redundant) questions and rank the most informative questions related to mental health with respect to a large representative sample population, such as the Healthy Brain Network (HBN) study. This will in turn help prioritize/rank/sort and identify best indicator questions for M3Q. Methods and results can be found in the conference paper: Questionnaire response correlations to improve efficieny: preliminary evidence from the Healthy Brain Network, 54 by Jon Clucas, Jake Son et al. that I contributed to (full paper in section 6.1)

Providing an online mental health recommendation and research resource for all stakeholders to use

Someone visiting the online resource could search the database and be directed to relevant projects, resource guides, scientific articles, community initiatives, links, publications, technologies and the like. Users looking for collaborators, questionnaires or technologies for their research and projects could identify publications (or the lack of it) relating to the use of a particular technology, find researchers who are using that technology to study specific symptoms and proceed therefrom, and many such possibilities. The database could be useful for different stakeholders. As illustrative examples, (i) a developer could get information on the different symptoms that were mitigated/addressed using technologies, (ii) a parent interested in a symptom could get linked information on questionnaires, apps, games and projects related to that symptom and (iii) a researcher could find relevant questionnaires and cognitive tasks to measure behaviours etc. The database will be designed to facilitate exploration of the relationships between entities from different components and how they could be mapped/related to each other, showing both relationships amongst components that exist and those that are yet to be explored.

In addition to querying MHDB content, human interaction with the database would demand an intuitive interface that would present visualizations of the content/data, treating each component as a lens or gateway into the underlying structured information. The interface could also include a data upload/description page and forms for structured entry of content that would allow others to add attributes for its further and/or richer characterization.

Inspirations are also taken from the Cognitive Atlas project's 10 proposed crowdsourcing approach involving the addition of personalization features for users to track information relevant to them including updates, topics and their own contributions. 11 With regard to connecting interests and needs to skills and projects, let us consider the following cases: (a) a parent in Europe has a research question that a research project in the United States has already addressed, (b) a parent in India has a solution/project idea which is relevant to a parent in Australia and (c) a parent is looking for technologies to monitor or mitigate a specific symptom and a researcher/developer is looking for volunteers to co-design and test a device for the same symptom.

A future direction could be to provide project collaboration features within MHDB for stakeholders to collectively create/contribute to projects as well as a social network platform for finding and communicating with collaborators. Also described in subsection 4.6.1 is a potential integration of MHDB into a project toolkit being developed by the Citizen Science Center, Zurich involving project building, data computing and community mapping tools.)

This following paragraph is inspired and adapted from Arno Klein's RDoC 55 Meta Matrix proposal. 56 Scientists from all over the world can fill in and extend the database with examples from their own research. Likewise, people with mental health disorders, their caregivers and families can add their own insights and experiences. Similar parallels can be drawn with other stakeholders. The database has been pre-populated with examples and data from the literature and from reliable resources. Database components could be bootstrapped and expanded by the scientific community collectively, outweighing what individual working groups or teams could anticipate or achieve. The database would be more than just a static reference resource, serving as a dynamic body of knowledge containing data, software, and published results, with the capacity to annotate, cross-reference and update each of these.

Filtering through the database's categories, annotation and metrics would aid users in filtering, navigating and assessing project trustworthiness, quality and significance.

Publications would act as indicators to this growing body of knowledge (as static snapshots of the state of science at a given point in time). Such a database could direct the attention of both funding organizations and researchers to areas of enquiry that lack evidence or support and encourage collaborations to meet verification and reproducibility metrics. 56

ChillsDB (mini-MHDB): Towards physiological markers for psychiatric conditions -A case study on psychogenic shivers 57

A. Krishnakumar [1,2], F. Schoeller [1,2], K. Sivakumar [1,2] [1] Centre de recherches interdisciplinaires, université Paris Descartes, 75005 Paris, France.

[2] U1001, Institut national de la santé et de la recherche médicale, 75014 Paris, France.

Correspondence: anirudh.krishnakumar@cri-paris.org, felix.schoeller@cri-paris.org

A study performed by querying the database to investigate the role of psychogenic shivers (i.e., chills in common parlance) in mental health and creating a mini-MHDB and ontology for psychogenic shivers in preparation for a peer-based collaboration system where users can share insights and projects. The methodology used to curate MHDB was applied to map the world of chills or Psychogenic Shivers (PS), in collaboration with Dr Felix Schoeller.

Abstract:

The presence of shivering and psychogenic shivering in mental health was measured using nosology manuals such as the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and a large body of existing psychiatric assessments and technologies.

We found results for three shivering related phenomena: chills, tremors, and temperature.

None of the other shiver-related terms (N=9) yielded any results, which suggests that the role of psychogenic shivering in mental health has been largely understudied by researchers and clinicians. We also searched for the terms "mental health", "disorder" and "psychiatry" in all articles related to psychogenic shivers (N=42) and found no mention of these terms in the majority of them (N=30). Psychogenic shivers may provide an unexpected physiological marker for monitoring mental health disorders and their evolution over time, to the extent that they are consciously experienced, quantifiable, and universal. To further examine the role of psychogenic shivers in mental health, we created an open and exhaustive knowledge base of the available literature on psychogenic shivers in cognitive neuroscience, where publications were classified along 13 categories such as stimuli, brain areas, sensors and psychological constructs. We conclude that aesthetic emotions (such as chills) could provide excellent case studies for peer-based collaboration systems, whereby all stakeholders (patients, clinicians, students, etc.) can share, collect, and analyze data to map and understand the relationship between stimuli, emotions, physiological signs, and symptoms in mental health.

The full paper can be found in section 6 Mental states were further grouped into categories wherever applicable. Upon linking them with Cognitive Atlas 10,11 (subsection 3.4.5), the database gained 1077 domains, where each domain had a definition and was linked to tasks they represented, wherever applicable.

Domains are envisioned as the future core of MHDB interlinking and mapping across components (e.g., the domain 'attention' will be linked to Attention-Deficit/Hyperactivity Disorder (ADHD); cognitive tasks that measure 'attention'; questions and symptoms that infer 'attention' etc.). for users to make educated estimates for themselves on whether a given claim using technologies to measure behaviours is logical and/or supported by research, and drive discussions with different stakeholders around it. 

MHDB's data validation and expansion

For MHDB's community-driven expansion and its data validation, the following steps are envisioned, and will be pursued post thesis.

1. Forms will be sent to the cited project teams to verify/update the data in the prescribed format and provide information including a project synopsis linked to a Wiki.

Development and design of an engaging and intuitive interface where

a. Users can perform queries to explore within the database.

b. Users can add/edit/validate existing information and new projects.

c. Users can also add their ideas, comments and experiences.

3. Developing an evaluation criterion for users to rate/review projects 4. Connecting/merging with other ontologies built on Linked data, such as PubMed and writing software to gather current information from a variety of online resources to populate the database (Table 3-1 lists ontologies that could be integrated with MHDB).

All stakeholders will be invited to enrich and update the database through an interface by enriching the project content, adding their ideas and data and rating/reviewing projects. A rationale behind the first version of MHDB was not to exhaustively map all projects and content related to mental health but to rather seed and curate MHDB with enough content to garner the interest of stakeholders to further enrich MHDB i.e., a pre-populated, structured and mapped scientific framework to encourage different stakeholders to add and update information on mental health research, projects, technologies, research and the like.

Hence, rather than sending empty forms requesting project teams to add information about their projects, sending pre-filled forms where users could already see their projects mapped to different MHDB components could further incentivize the process. Project teams can update and link their projects with already existing and curated MHDB entities. As initially described in section 2.1, a long-term goal is to crowdsource and integrate within MHDB, stakeholder ideas, insights and observations (i.e., overlaying the scientific content with a crowdsourcing component). People with/concerned by mental health and learning disorders have rich insights stemming from their daily experiences, and I am of the conviction that they are inherently creative and innovative, but only a small percentage of this group shares their ideas and information with others, and works collaboratively with other stakeholders.

Forms would be provided in an intuitive and engaging interface (to be developed) where users can add their ideas, insights and experiences. Hence, a parent/stakeholder would not only get information related to a symptom mapped to other MHDB components but would also be able to add his/her insights on how to mitigate the symptom and benefit from others' experiences.

This process can be combined with the MindLogger data collection platform and app (chapter 4), where users could build assessments to monitor symptoms, daily events (e.g., eating, sleeping), add their ideas, insights and what they find rewarding and challenging on a daily basis, and infer or make decisions that best support themselves and/or their children.

MindLogger Data Collection

Platform and App

Introduction of and Motivations behind MindLogger

Towards data collection with open source digital tools

The constraints with pencil-and-paper data collection can be overcome with digital tools offering possibilities of seamless data collection in natural settings like homes, schools/workplaces and the community. The immediate takeaways are convenience, improved frequency of data collection (since it would no longer require patients/participants to come to the clinic every time they give data), reduction of clerical errors, increased and more powerful data analysis options, the opening up of possibilities to do longitudinal monitoring with more ease and the procurement of more 'genuine' data, away from closed settings in the presence of a clinician, which can be a daunting process for many.

Besides standard questionnaires, digital tools offer the possibility to collect data from camera, audio, video, drawing and touchscreen activities as well, besides subjective and qualitative information from surveys, making it possible to administer a great variety of performancebased assessment instruments (or cognitive tasks. Thus, neuropsychological assessments could be digitized to collect data from both clinical and natural (home, school, community) settings and multiple informants (self-report, parents, caregivers, teachers and therapists), and facilitate longitudinal monitoring and data collection at regular time points (e.g., twice a day).

Towards open source and freely available digital tools

In the open source world, external colleagues and people are seen as collaborators rather than competitors. All MindLogger's code 1 Open Source principles are also advocated in the project to highlight implementation details, improve transparency and integrity of research and achieve better quality control.

Why not freely available digital tools?! Why public-funded research is not freely available to the public is dumbfounding to me. From a broader viewpoint, I believe it is natural that inventions and discoveries or products and services created therefrom should come a full cycle and be offered back unto the very society that made it all possible, and the world at large. This would serve as yet another much called for way of understanding and actualizing civic social responsibility.

Towards digital ecosystems to give people the possibility to make their own research and draw their own conclusions

Using digital tools for data collection has been largely initiated and tapped by researchers having resources/developmental support who recruit participants for their studies. As emphasized in subsection 1.2.2, there is a need to build an inclusive digital ecosystem where all stakeholders concerned with mental health can take part in any stage of the research process, and span the entire range of options starting from defining the hypothesis and study design up to analyzing the results, and all the stages in between:

MindLogger is envisioned as a tool that would enable users/non-scientists to go beyond being passive data providers. Dictionaries define 'analysis' as the process of studying or examining something in an organized way to learn more about it. 4 It is my belief that people involved in the lives of people and children with mental health difficulties are already analysts engaged in a continuous process of searching for solutions. Data visualization pipelines could be built to provide intuitive feedback and summary statistics from the data collected to scaffold and 'springboard' users to add their hypotheses, observations and insights, which can also be shared along with the data that could reignite another virtuous cycle.

Parents/families, teachers and caregivers could benefit from behavioural charts monitoring the child's progress, triggers to different behaviours and coping strategies. They could provide useful information on a daily basis given that their time spent with the child would far exceed that of a clinician or a doctor. These stakeholders should be able to actively collect personalized and relevant data as they would deem fit (rather than conforming to fixed static assessments that cater to a spectrum of behavioural conditions). Besides self-monitoring, parents and teachers/caregivers could send information to each other and share them with therapists and doctors (e.g., a parent collecting data on mood, sleep, activity and eating patterns longitudinally could share this data with the doctor who can thereby and thereafter make more informed decisions).

I believe it is worth exploring and building further on this vision that data collection and related efforts should not be something that requires experience, expertise and academic degrees (which should not be bottlenecks for participation in data efforts), much in the spirit of citizen and community science.

MindLogger in a nutshell

MindLogger (https://mindlogger.org/) is being developed as a platform to make it easy for anyone to build and configure customized mobile apps (iOS and Android) for their projects in the sphere of mental health and beyond. Though sometimes interchanged with each other, repeatability refers to what occurs when the same team with the same methods/experimental setup can come up with or 'repeat' the same results. 5 Replicability involves different/independent teams using the same methods, 'replicating' the same results using the author's artifacts. 5 Reproducibility is achieved when results and measurements of an entire study can be 'reproduced' by independent teams with different/independent methods than those used by the author. 5

The need to scale and augment reproducibility and replicability studies, and verify results under different conditions/places

The faith that society demonstrates with regard to science is eroding (despite trust in scientific communities traditionally remaining stable and ranked higher than elected officials, religious leaders and journalists). 5,6 The rise of fake news and the buzz created by incorrect/inaccurate scientific publications is increasing public mistrust in science, wherein an increasing number of life science, psychological and cognitive studies are flawed or do not produce results that are reproducible/repeatable/replicable. 5,6 61% of results could not be reproduced in a large scale effort to replicate 100 key findings from published research, sounding alarm bells and resulting in the launch of collaborative attempts to increase such efforts. 7 Research studies are built upon existing research work -a 'garbage-in garbage-out' situation could ensue if new research is built on the existing research if the latter is not scientifically sound or sufficiently verified. Here is an example -18 genes that have been commonly linked to depression were studied with a combined total of over 1000 research publications. The results from these publications were reviewed with data from 62000 to 443000 people in a recent meta study. 8 It was concluded that the genes were weakly or not associated with depression. 8 This raises questions of why and how such situations have come to be, with fears of other similar possibilities in research.

Famous British talk show host John Oliver spoke about the topic of replicability in his segment ('Scientific Studies') in May 2016, highlighting that replication studies are rarely appreciated or funded in research, in a system that does not reward "one to be the second person to find or confirm scientific results" (the video has since been viewed over 15 million times). This view has been backed by research publications with a report by the Royal Netherlands Academy of Arts and Sciences (KNAW) which also addressed the desirability in performing replication studies, given its lack of incentives and funding. 9

Replicating good ideas and approaches in mental health

From the viewpoint of the thesis, it was wondered whether preliminary results/indications of This could shed light on cultural, geographic and other demographic factors/aspects and result in possibly new conclusions, correlations and insights which may not have been unearthed

with erstwhile constraints in sampling, data collection and geographical location-based data disparity in previous studies. However, as seen in the introduction (section 1.1.2), the generalizability/transferability (i.e., universalism) of psychiatric approaches and results cannot be implicitly assumed similar to that of their physiological counterparts 10 (i.e., a hand fracture can be considered to be a hand fracture universally whereas depression can be viewed differently across societies)care must be taken to account for cultural specificities. 10 On studying patterns regarding the collection and use of large datasets in mental health research, disparities were seen between the Global North and the Global South (with a majority coming from the United States and Europe). 12 Good ideas and valuable data should come from everywhere (including Latin America, Asia and Africa and other continents too) if we are to collectively progress in mental health, and this could be bridged with MindLogger. Existing studies and data 13 

MindLogger to improve the convenience, consistency, efficiency and analysis of research and data efforts

Solution with MindLogger

Measurements that have been gathered can fail to capture the multidimensional character of disorders and are acquired in contexts that are not of the greatest relevance.

Through Ecological Momentary Assessments (EMAs), information can be gathered on participants' attitudes, behaviors, daily aspects (like sleep, mood, eating and physical energy levels), thoughts and experiences while in their natural environment. This could also help study relationships between comorbidities and disorders (e.g., correlations between sleep and autism symptoms).

Data are acquired sparsely, making it impossible to observe variations during the day, between days, etc.

With MindLogger, data can be acquired from non-clinical settings (home, school, community i.e., natural environments) on a daily and regular basis (e.g., twice a day, with reminders given to answer questions). This will help users observe trends and patterns on a frequent basis.

Data are difficult to access, or they are not ready to be analyzed and even when accessible, it is difficult for non-experts to get useful information from the data.

Patients or participants will have access to their own data. We envision them to be able to track their own mental health or behaviours and share their insights. A dashboard could provide intuitive visualizations and summary statistics from the data collected. Further, we hope our platform will give approved scientists access to thousands of de-identified datasets to accelerate research and lead to the discovery of better treatments.

Errors Through the Parkinson mPower app, patients answered questionnaires and performed activities (memory tests, tapping -motor coordination tests, movement tests -gait and balance, and voice tasks) on their smartphone before and after they took their medication. 14 Screenshots from the Parkinson mPower app. 14 Learning-related screeners, surveys and tests could be built and administered on MindLogger to help identify aptitudes and difficulties in activities related to learning such as reading, writing, understanding concepts, arithmetic and the like. Such screeners could be adapted for students of different age-groups and grades. Once strengths and difficulties are identified, follow-up evaluations and monitoring could be done longitudinally. The screeners could be used in general schools as well as in schools specialized for students with learning differences and executive functioning (motor) difficulties.

A feedback system towards each student having a specific learning profile and path, with information provided by the students themselves, as well as their teachers and parents could be beneficial for all concerned. The use of MindLogger could provide a tool for schools to obtain information on students and their learning profiles in a quick, easy, organized, and efficient way. This has been further elaborated as a use-case in subsection 5.4.3. It also has the unique advantage of its symbiotic relationship and integration with MHDB (described in subsections 4.5.1 and 4.5.2). MindLogger is not static or restricted to any specific mental health disorder alone. Assessments to monitor symptoms in any disorder can be constructed, and a digital library of open content, assessments and questions corresponding to different behaviours and disorders will be built and available for anyone to use (see subsection 4.5.2). Beyond its application in mental health, MindLogger will be repurposed as a Citizen Science Logger (see subsection 4.6.1) to build project apps and collect data for initiatives themed on the 17 Sustainable Development Goals (SDGs) of the UN. 16 The number of users with smartphones far exceeds the number of users with access to mental healthcare and services. 17 MindLogger could scale across geographic, cultural and disciplinary borders syncing learning, science and societal needs -a bridge beyond borders.

Features and considerations driving MindLogger

Its planned features conducive for global adoption and deployment like possibilities to work offline (without internet connections) and multiple-language versions could be useful for health-related projects in the Global South.

Applications could include monitoring of symptoms or behaviours pre and post prognosis, from home and other natural settings, on a frequent basis, also create the possibility to send data to clinicians and doctors without having to go in person, and facilitate longitudinal monitoring with both subjective (e.g. health questionnaires) and objective measures (e.g. cognitive tasks). Plans are envisaged to expand MindLogger for widespread use including middle to low income countries, aspiring towards the vision that everybody has the right to mental health care irrespective of their financial situations.

47 mobile data collection platforms were identified and classified for comparison on software, sensor and technical features such as licenses, cross-platform compatibility (iOS and Android), data security and sharing approaches, database specifications and so forth (while these 'MindLogger-like projects' was initially compiled for internal purposes to get perspectives from similar existing data collection platforms and not as an exhaustive review, this will be released openly in the future and possibly integrated with MHDB). 18 Matter Lab, CMI team members and volunteers 19 actively contributed to compile this list.

Information was sourced through respective project websites and an online Wikipedia list of software products that acquired data from at least one sensor and satisfied minimum security requirements. 20 With respect to the thesis, 19 platforms were selected by me to gain perspectives from a researcher/user point-of-view (in contrast to a technical one). Sources for comparison, which inspired MindLogger's features and design considerations included Trayt, 21 Chesshealth, 22 Cognoa, 23 Concerto, 24 Brainbaseline, 25 Happiness App Research Framework, 26 Obviohealth, 27 NORA, 28 Engage, 29 Research Kit, 30 EpiCollect, 31 Beiwe, 32 Ilumivu, 33 Progress, 34 Castor, 35 MindLAMP, 36 mCerebrum (MD2K), 37 and LifeData. 38 Feature and design considerations inspired from these sources are summarized in Table 4-3. 

MindLogger Features

MindLogger has many user response methods (text, survey lists and tables, slider bars, audio, photos, drawings/sketches, videos, GPS etc.) and features, described in the following section.

The features are being developed by a dedicated development team led by Dr. Arno

Klein at the CMI, 19 with support from the CRI and other partners A 'Zoom-in' on MindLogger features and applications

Birds-eye view of MindLogger features in pictures

Information screens with text, pictures and audio

With MindLogger, one can launch and setup login/sign up screens, 'about' and home pages etc. containing information on the project that could include consent forms, videos and tutorials. These allow for new practices to emerge like the use of video-based consent forms. 39 'Login', 'Registration' and 'Information' screens can be accessed by tapping on the respective icons. Users can proceed to register and use the app after acceding to the consent process.

Surveys with text or image selection in list or table format

While text-based survey questions with multiple choice options are commonly used, images can replace text as options, thereby opening possibilities of image-selection-based questions (e.g., 'select the image that best corresponds to this word') and/or cognitive tasks. These could also be enabled in tabular format where spreadsheet-like tables can be created, enabling, for example, the monitoring of multiple children across behaviours in a table where each cell can have text or numerical values. A future consideration would be to explore the feasibility of a trigger-notification-response system where notifications would be sent to clinicians and families, and positive prompts be sent in response to certain answers (e.g., suicidal ideation).

3. Slider bar with discrete increments Slider bars are an example of a visual survey option where responses can be 'dragged and dropped' within a range (allowing users to slide/drag their finger to a specific value).

Free text entry on almost any screen

This allows text-based responses not just as a stand-alone option to answering questions, but in the future, it can also be used in combination with other response options. Besides answering questions with single/multiple choice options, users could add context, insights and coping strategies providing a rich trove of information (most of the other questionnaires have fixed static response options). Such additions can also be used to crowd-source the quality and relevance of questions from the users themselves, leading to the sorting of best indicator questions as seen in subsection 3.6.1).

Camera photos and video recording

A smartphone's camera is widely used during picture taking and video recording. Images and videos represent a rich source of information -as the age-old adage goes, 'a picture is worth a thousand words'. It also opens up more data analysis possibilities such as the Facial Action

Coding System (FACS) 40 to measure facial expressions and other video-based behavioural analysis methods. The Autism and Beyond project collected 4441 videos on children's behaviours recorded on smartphones by families and caregivers in natural settings. The behavioural data obtained as children watched movies designed to elicit autism-related behaviours were automatically encoded and quantified to provide cues on attentional, social and emotional responses over different parameters. 41 Likewise, the positive effects of educating and training parents of children with autism with their own data (videos of parents playing with their children) were demonstrated with therapists helping them watch their own videos to better understand cues and behaviours, and improve interactions. 42 Camera and video recording features on MindLogger could enable such research, data collection and analysis opportunities.

Audio recording

Similar to a smartphone's camera, the microphone is also widely used during/by virtue of phone calls. Speech has been at the forefront and core of human communication from time immemorial. What is increasingly being demonstrated is the feasibility and significance of audio data collection to obtain 'objective' measurements, supported by novel speech and media analysis tools. 43,44,45,46 Artificial intelligence and neural networks were used to recognize emotion/affect and depression from speech, with the process automatized and occurring in real time. 43 Likewise, researchers tried to predict latent narrative mood using audio and physiological data by measuring speech (voice analysis), which was claimed to be of an increased and decreased rate, volume and rhythm in mania and depression respectively, 44 with others suggesting that voice-based analysis could lead to becoming an objective biomarker in bipolar disorder. 45,46 Thus, studies along a similar vein, capturing audio data, could be facilitated with MindLogger.

Drawing

Enabling drawing on MindLogger allows for digitizing commonly used paper-and-pencil drawing tasks to assess cognitive functioning providing twin advantages of determining the level of functioning or impairment outside clinical settings (eg., from home) and the scoring and analysis of data through software to complement human interpretation. Cognitive tasks based on drawing that involve free drawing, copying images, circling or drawing on objects, mazes and forming patterns or 'connecting dots' could be administered through MindLogger.

For example, the benefits of digitizing the clock drawing task 15 commonly used in the diagnosis of dementia, where a patient has to draw a clock with hands and numbers to indicate a specific time, was demonstrated. 47,48 Completed tasks were sent to clinicians online, with software probing commonly-looked-for traits such as incorrect presentation of time and placement of hands or numbers. 47,48 Additionally, the software provided replays of the drawing test in real time, helping to better decipher the test. This could allow for comparing drawings over time. 47,48 

Figure 4-3:

A screen of a Clock Drawing Task 15 used to diagnose dementia and assess cognitive functioning (as an example) on MindLogger., with the benefits of digitizing the originally paper-pencil task demonstrated 47,48 8. GPS Global Positioning Systems (GPS) in smartphones are used by users to navigate locations, maps and directions. In the context of data collection, GPS tracking would be useful to classify responses by location, a key requirement in many studies. Users can consent to share location data through the app maintaining privacy standards. Community-based citizen science projects involving citizen-driven 'geography specific information', participatory mapping and geographic information systems are increasingly becoming relevant in addressing community concerns 49,50 and can be extrapolated to mental health and well-being.

These projects, in combination with ecological momentary assessments have lead to the concept of Geographically-Explicit Ecological Momentary Assessments (GEMA). 51 Such approaches can be used to study trends in different locations on different topics like the Geotag-X project 52 involving taking photos to assist disaster relief (which can be encompassed by MindLogger in an app).

API / data access

Data collected by MindLogger in specific studies (in accordance to data privacy laws) can be shared with and accessed by the respective teams, provided consent has been given by the participants. Application Programming Interfaces (APIs) would also enable MindLogger to communicate and interact with other platforms and data, when required to do so.

10. Creating questions with conditional logic (If yes, go to..)

It seems logical that people should answer questions most relevant to them. As noted in subsection 3.4.10, less than 5% of the questions in MHDB are conditional. This feature would allow the creation of more personalized adaptive questions with conditional logic.

Notifications / Reminders

Reminders could improve app user engagement and motivation 53 and help facilitate data collection frequency and consistency in longitudinal studies that require responses on a daily basis. Having notifications per activity would help keep track of them.

12. Offline capabilities MindLogger will work offline, but needs an internet connection to register, log in and update the database. This would be critical for continuous data collection and functioning where there is little or no internet access (e.g., rural areas in the Global South). This would also help to deploy MindLogger in low resource settings (also described in section 5.2)

Web version of MindLogger

Activities (e.g. surveys, quizzes, tasks) created on MindLogger's interface would not only be available through the app for the creators and participants alike, but also be do-able on the web (computers and laptops). This could improve engagement and convenience in tasks that could benefit from larger screens and also for people who prefer using laptops to phones. This would also conform to clinical settings already familiar with web-based assessments.

Creating cognitive tasks on MindLogger

From the thesis point of view, it was envisaged to enable data collection in MindLogger not only through questionnaires but also from cognitive tasks. This would entail MindLogger to be an open platform where anybody can build his/her own cognitive tasks in addition to questionnaires or surveys from scratch. Another rationale behind MindLogger's multiple user response options to collect data beyond text or survey features (including drawing, audio, photos/images and videos) was to enable building of a slew of cognitive tasks through them.

MHDB's cognitive component (subsection 3.4.5) that maps cognitive tasks to behaviours and domains in MHDB was also intended to serve as a resource for users to find information and components to build their own cognitive tasks in MindLogger. With regard to scoring and interpretation of results, new norms could be set by crowd-sourcing tasks with large populations and comparing the results with literature.

Cognitive tasks based on image, video and audio features

Image-based and video-based features provide options to both frame and respond to questions using pictures and video in MindLogger. This facilitates memory and learning based cognitive tasks, where follow-up questions can be asked based on a picture/video. Audio features enable (i) listening and speech-based tasks, (ii) audio-based cues during a task and (iii) responses to answers by voice. Listening-based tasks that can be designed include concepts such as 'listen and repeat', 'listen and recall', 'listen and decide/make choices' and so on.

The below commonly used tasks that will be built on MindLogger are described to give the reader a broad idea of possibilities enabled by it: (a) Rey-Osterrieth Auditory Verbal Learning Test (RAVLT) 15 task that probes memory and recall, where participants hear a list of words 

MindLogger -Ecological Momentary Assessments

Ecological Momentary Assessments (EMAs) involve assessing individuals' current experiences, behaviors and moods in real time and in their natural environment. 54 EMA studies have been demonstrated in (a) Measuring behaviours and psychopathological problems associated with mental health (such as anxiety, sadness, lack of concentration and so on with results showing correlations between anxious and depressive states, and 'oppositional defiance' and conduct issues) 55 with the initial feasibility of combining sensor and smartphone technology demonstrated 56 (b) Substance Abuse Disorders (daily substance use, withdrawal symptoms and levels of craving) with assessments, interventions and treatment applications proposed [START_REF] Benarous | Ecological Momentary Assessment and Smartphone Application Intervention in Adolescents with Substance Use and Comorbid Severe Psychiatric Disorders: Study Protocol[END_REF]58,59 (c) Food/dietary related behaviours/disorders (e.g., tracking what is eaten), food choice decisions (e.g., investigating in-the-moment eating happiness) 60 and in one case to identify factors that precede binge eating & those relating stressful, negative and bulimic events 61 and (d) Mood and Depressive disorders, in one case on whether EMAs could be interventions themselves by default in depression 62 and another studying 'social rhythms' (daily activities and lifestyle/routines regulating biological rhythms) in bipolar disorder, combining questionnaire and sensor data. 63 Data obtained as measurements through technologies and the like have been collected in previous EMA studies (such as the ones cited above) from wearables (e.g., actigraphy watches) and smartphone sensors (e.g., GPS, microphones). Where surveys are concerned, a combination of existing questionnaires and questions generated by the researcher/user were used. MindLogger could be deployed as digital diaries and digital ecological momentary assessments for monitoring different disorders and conditions, and sharing good practices, ideas and solutions.

The possibility to build personalized digital EMA diaries where users can monitor symptoms or behaviours, track daily activities (e.g., sleep, eating etc.), and share their experiences would be useful to several stakeholders. So too is enabled the ability to collect data from different informants (self, parents, caregivers, therapists etc.) from different settings. I imagined MindLogger to evolve into a tool with which people with different psychiatric conditions could access, tailor and perform assessments and activities specific to their condition (including N-of-1 studies described in subsection 1.2.1), making it an attractive prospect. I feel it would be very important for participants to record their observations 'in the moment' when symptoms are encountered rather than retrospectively for the process to be most efficient. Integration of the diary cards into Mindlogger will provide an app-based infrastructure for quick and in-the-moment completion of the diaries. MindLogger could be designed to obtain data at fixed times (the user gets prompts and reminders to answer questions at specific times) and flexible times where the user can record information anytime (e.g., when a certain behavior is triggered). Studies could be longitudinal in nature across different time points (e.g., before and after treatment or taking medicines on the same day).

MindLogger Study in the Healthy Brain Network (HBN)

The CMI is well positioned to develop, deploy and test MindLogger, housing an expert clinical practice, a leading brain research institute and an innovative health technology lab under one roof. The initial tests for MindLogger are being conducted in CMI's Healthy Brain Network (HBN) study 64 of 10,000 young people collecting and sharing psychiatric, cognitive, behavioural, neuro and genetic information. 64 Specifically, MindLogger is used to gather survey data daily on participants' feelings, thoughts, behaviors, stress, sleep and activity levels (akin to a digital diary). The study team is using MindLogger to collect data at various time points during the day from parents and from participants, ages 9 and over.

Example topics for questions in the morning include hours of sleep, presence or absence of nightmares or night terrors, and whether sleeping aids were taken. Example topics for questions during midday and in the evening include stress levels, energy levels and overall health. This would allow the gathering of information on participants' attitudes, behaviours, thoughts and experiences while in their natural environment.

Questions will be asked on the following sections. The number of questions per section (inclusive of conditional logic) is mentioned in the brackets. In tandem, colleagues from external and internal collaborations will test MindLogger's functionality for their studies and will provide appropriate feedback.

New features and development goals being planned and under development include:

Exceeding health information privacy requirements

MindLogger would fully conform to all mental health privacy requirements and data laws, including implementing European GDPR compliance to ensure data safety, security and privacy, by working with consultants to harden our code, configure the system and network components, and test the code fully to eliminate vulnerabilities.

Sophisticated game-like cognitive tasks

MindLogger's cognitive suite would be extended to enable users to assemble a wider range of components to build game-like cognitive tasks with animation, adaptive feedback and performance metrics. Building larger games with cognitive tasks embedded in them, extending MHDB to map game mechanics to behaviours and directing users to relevant resources based on their task performance will be explored.

Optimizing MindLogger for widespread use

We will optimize our tools for widespread use with an added emphasis on deployment in the Global South with multiple-language (localized) versions, along with web and offline versions for the purpose. Using MindLogger, we can extend mental health care beyond the clinical setting and make treatment more objective, effective and efficient on a global scale (also described in section 5.2).

Customization of features ('reskinning' from MindLogger to YourLogger)

While MindLogger can be used to build and customize assessments by individuals, the entire platform can also be customized to suit the needs of individuals and organizations. This includes having the flexibility to change the title, colours, icons, fonts etc., to create a more personalized platform.

Dashboard for Data Visualization, Sharing and Feedback/Analysis Pipelines

An online dashboard that would permit immediate and intuitive visualization of data with data-driven summary statistics and reports are being planned. This would allow users to track progress over time. Also being explored are approaches for users to draw insights from their own data and potentially share/donate it in strict adherence to data privacy and security laws with the Open Humans 65 and Midata 66 projects (introduced in 1.2.1). Considerations regarding data sharing are described in section 5.1.

A Recommendation System linking MHDB and MindLogger

A long-term vision involves linking user responses in MindLogger to resources in the database (MHDB) where users could find related projects, experiences and recommendations tailored to their preferences and interests. This would also entail linking to reliable information in the database through resource guides and scientific articles for all audiences sourced from CMI's website. (Since 2011, over 25 million people have used the website to find scientific, dependable and up-to-date information). With text-based, audio, video, drawing and image data collection capabilities, integrating MindLogger data with analysis pipelines and artificial intelligence approaches encompassing text mining, natural language processing, machine learning, neural networks and so forth would be a critical future step.

Integration with wearable devices and technologies

Though not in current plans, integration with other applications and wearable devices is foreseen. As an illustrative example, I met with Dr Maxime Elbaz (specializing in sleep disorders at Hospital Hotel Dieu, Paris) who spoke about the value of obtaining contextual subjective data on sleep from digital tools like MindLogger to complement data collected from his sleep app (a notification with questions could pop up on its screen when waking is detected). Collection of touchscreen and movement data, and other sensor data by users is also a possibility. Also being explored are collaborations with Dr Felix Schoeller of MIT to integrate data from different sensors with MindLogger.

A Library of open assessments and content

A Digital Library of open content to select or edit activities will be built to 1. Make it easy for users to get started and create new activities (e.g., questionnaires, quizzes, tasks) on MindLogger, 2. Include access to openly available questionnaires, evidence-based assessments and surveys that will be added to it, 3. Offer customizable modules/templates with questions (built on topics of relevance with collaborators) that can be used, edited and modified by users while building their own assessments.

This would be another bridge between MHDB and MindLogger, where questionnaires and assessments from MHDB would be added to MindLogger's library, for clinicians, researchers, patients and participants to administer/take them. Regarding point 2 above, open content would mean that free non-proprietary questionnaires from MHDB would be integrated into MindLogger's library for all to use.

Questionnaire instructions would be updated to render them 'MindLogger or digital ready', making them relevant to be read digitally compared to paper-and-pencil versions. Users can also add the assessments they create onto the MindLogger's digital Library. This could promote the exchange of interoperable questions, designs and feedback for collective progress wherein a user can select an assessment he/she is interested in and create variants. This is similar in concept to creating branches or forks of a software repository (where people can freely experiment on the copy without affecting the original project) on Github, [START_REF]What are altmetrics?[END_REF] wherein the number of forks or branches of a repository is found to be correlated with a software project's popularity, impact and the number of contributors. 68 The library would be organized to help people find content and assessments based on relevant categories such as type of disorder(s), behavioural and cognitive domains (e.g., attention, anxiety) and practical details (e.g., questionnaire length, answer time, target audience etc.).

Crowdsourcing approaches would be used to further filter categories. Categories will also be organized to be interoperable with similar libraries and open ontologies such as the Cognitive Atlas 69 and the Neuro Compendium of Psychological Assessments. 15 Modules/templates spanning the themes of the thesis would be provided which can be edited and customized/personalized as needed by users.

The development of these modules will be done post thesis (beyond thesis scope at present) and are described here for illustrative purposes:

1. The first MindLogger template would focus on building an autism symptom and behaviour monitoring digital diary module where users can not only select symptoms and behaviours of interest from a list but also add their ideas, insights and daily experiences of what they find rewarding and challenging (what is working and what is not). The content required to build the module will be sourced from MHDB.

2. The second template would address citizen science of learning (in collaboration with researchers at the CRI), where MindLogger will be used to crowdsource responses from students on their learning and thinking processes with initial cohorts in France and India.

MindLogger will also be repurposed as a Student Learning Logger to track learning, mental health and wellbeing in the Université de Paris. The DELIVERABLES towards the prototype: Citizen Science Logger -A General Purpose Citizen Science Data Collection Platform and App for use across different scientific disciplines and user scenarios with the following deliverables: a. Configuring Core Features (detailed in the next para) and Refining Functionality:

The requisite widgets or building blocks openly available from MindLogger will be configured and re-purposed to build the proposed Citizen Science Logger. We hope this rationale will inspire other teams to create variants of MindLogger in different topics. For instance, the Radio widget allows users to respond to multiple choice questions, the Slider widget allows users to drag their finger to a specific value, the Text widget allows free text entry, and the Drawing widget enables users to draw a picture on the screen using their finger or cursor. Likewise, similar widgets exist for Audio, Video, GPS, Tables, Date and Time. (https://openseventeen.org/sdg-toolkit.html). Our Citizen Science Logger will be integrated with this SDG Toolkit Ecosystem. Thus, the Logger's citizen and crowd-driven data collection and sharing will benefit from the Toolkit's volunteer data computing, project design and community mapping tools. This would vastly enhance the Logger's data efforts and facilitate easy engagement with the peers/community to share insights/observations. Users can thus create/document their projects on the SDG Toolkit Platform, use the Logger to make customized data collection apps for their projects and upload the data back to the platform/Toolkit tools, completing a virtuous cycle.

(ii) Open Linked Mental Health Database (MHDB)

The thesis' MHDB currently maps signs, symptoms and behaviours associated with mental health and learning disorders to relevant projects, concepts, research, questionnaires, community initiatives, technologies, people and the like. Built on semantic linked data (using Resource Description Framework), 70 it is interoperable and will be merged with other open ontologies and platforms like PubMed. [START_REF]star Open Data[END_REF] Specifically, open questionnaires from MHDB will be integrated with our Citizen Science Logger's digital library for people to use, modify and engage in their mental health citizen science projects.

Taken together, our approach will have the potential to further address multiple questions at on building systems that allow for (i) discipline agnostic data aggregation from experts and citizens alike, (ii) linked open data and semantic infrastructures, (iii) collective approaches towards knowledge base building and (iv) interoperability of data and information. The feasibility and extent of this deliverable will depend on resources and time available.

e. Use-cases, testing and deployment:

We will create a specific citizen science use-case with our collaborators and test its use with in the link cited). 2 Tutorials will be provided for the public to use the digital tools and frameworks conceived in the thesis. Open challenges and student/community projects involving a combination of thesis components will be launched (subsection 5.4.1).

For citizens/participants to share their own data and draw insights from them in line with the 'Findable, Accessible, Interoperable and Reusable' (FAIR) data principles and conforming to data privacy laws (such as HIPPA compliance in the US and GDPR in Europe), discussions are underway for MindLogger to be integrated with the Open Humans 3 and Midata 4 projects.

An example highlighting this is the Crisislogger project 5 where users (as parents, teachers, students, health workers, patients or others) can share their experiences regarding the COVID-19 pandemic (such as fears, frustration, mental health implications) via audio, video or text messages on a customized version of MindLogger in combination with Open Humans. 5 I contributed to a research study ('Assessment of the impact of shared brain imaging data on the scientific literature') 7 demonstrating the importance of shared data.

Abstract: Data sharing is increasingly recommended as a means of accelerating science by facilitating collaboration, transparency and reproducibility. While few oppose data sharing philosophically, a range of barriers deter most researchers from implementing it in practice.

To justify the significant effort required for sharing data, funding agencies, institutions and investigators need clear evidence of benefit. Here, using the International Neuro-imaging Data-sharing Initiative, we present a case study that provides direct evidence of the impact of open sharing on brain imaging data use and resulting peer-reviewed publications. We demonstrate that openly shared data can increase the scale of scientific studies conducted by data contributors and can recruit scientists from a broader range of disciplines. These findings dispel the myth that scientific findings using shared data cannot be published in high-impact journals, suggest the transformative power of data sharing for accelerating science, and underscore the need for implementing data sharing universally.

The entire manuscript can be found in section 6. 

Mental Health Technologies with the potential to transcend cultural, disciplinary and geographic barriers

A recurring theme in the thesis involves mental health technologies such as phone apps, wearable devices, games and cognitive tasks which offer great opportunities for large-scale data collection across individuals and communities. 8,9 This is in contrast to and yet complements survey instruments which can be subjective, inconvenient, infrequent and often proprietary. Subsection 4.2.1 of the MindLogger chapter mentioned that most of the data on mental health come from high-income countries. 10 However, good ideas and valuable data should come from everywhere (including South America, Asia, Africa and other continents) if we are to collectively progress in mental health, and this could be bridged with MindLogger.

There is an urgent need to better understand and find solutions towards improving mental health care in the Low-and-Middle-Income Countries (LMIC), especially regarding child and adolescent mental health since LMICs constitute the maximum number of children exposed to adverse childhood experiences. 10,11 The number of people who own smartphones exceeds the number of people who have access to care 8 mental health technologies hold great promise to improve the accessibility, consistency, evaluation and efficiency of mental health efforts globally. 8,9 With regard to identifying and deploying mental health technologies, there is considerable interest in the Global South for using low-cost technologies to study, monitor, and provide guidance related to mental health disorders across large populations. 8 The features of MindLogger (multiple-language versions, offline use, free availability etc.)

will make it conducive for widespread use and deployment in the Global South. Future efforts (potentially student projects) could help evaluate which sensor technologies (microphone, camera, accelerometer, skin conductance electrodes, etc.,) in what currently available devices are practical for assessing and monitoring symptoms in mental health conditions in the Global South. 12 In this regard, students of the peer-learning program added technologies and projects to MHDB that were relevant to the local context in Chennai, India (subsection 2.3.1).

Through the thesis, as study coordinator, I also contributed to studies involving mental health technologies alongside with the core thesis components, elaborated in chapter 6: Library) for hands-on training sessions with OCEAN Logger, where they will build and customize their own apps.

Thesis themes, principles and values

1. Workshops to understand stakeholder perspectives and values will be conducted.

2. Literature reviews and 'Zoom-in Zoom-out of research concepts and projects':

Stakeholders will be introduced to the MHDB (with an emphasis on autism) where behaviours and symptoms are mapped to projects, community initiatives, research publications, technologies and the like. This could enable lay people and professionals to gain familiarity on existing projects and work collectively with the mental health community.

3.

Training sessions to use OCEAN Logger: Participants/groups will create, customize and personalize OCEAN Logger to create their own apps on their smartphone(s) to monitor behaviours and share observations.

4. Participants will collect data through a suitably planned period, say six weeks for instance, when the project coordinator will have bi-weekly two-hour mentoring sessions for participants and address any challenges/questions that may arise.

5. After the data collection period, participants will re-convene at the library to share their observations and draw insights from the data collected. Anonymized and deidentified datasets will be stored in digital formats in the library and will be openly accessible.

6. Participants will identify features that need to be improved/refined as well as suggest/begin work on additional features that need to be developed to improve the utility of the app. 9. Selected teams will get funding and resources to develop their projects. The model is designed to be topic agnostic. Autism can be replaced by other mental health and citizen science topics.

include videos of people with learning difficulties sharing their experiences and offering their suggestions to others concerned. Scientific articles and resource guides targeting non-experts will also be included, sourced from the Child Mind Institute (CMI). A future consideration will be to map game mechanics from both neuropsychiatric assessments (i.e., cognitive tasks) and traditional entertainment games to different behaviours.

B. As a first use-case will be developed cognitive tasks on MindLogger, particularly designed to diagnose dyslexia through the gamification of traditional scientifically validated tests. A future consideration could be to embed the cognitive tasks into engaging, intuitive and easyto-use video games. Gamified tasks and activities would also be built to monitor/evaluate the child/person's progress by evaluating game performance (which will directly be linked to learning-related behaviours).

C. A digital diary and evaluation app on MindLogger will be developed for students with learning differences such as dyslexia. MindLogger will be customized to support student rating and evaluation scales. These will include surveys designed to identify individual students' strengths, and progress towards personalized learning profiles, and for them to share their ideas, insights and what they find rewarding and challenging on a regular basis.

Complementary surveys will also be completed by teachers and parents.

This project is under construction as part of an ongoing collaboration with the CRI, CMI and P. Escaich, O. Dauba, P. Louapre of Ubisoft.

Towards a platform to inform, assess, support neurodiverse profiles with adaptive assessments and game-like cognitive tasks

Related to the previous project (subsection 5.4.3), this use-case will focus on neurodiversity and neurodiverse behaviours, viewing mental health as dynamic, evolving and relevant for everyone (subsection 1.1.3). This is in contrast to focusing solely on extremes in behaviours for a diagnosis, the utility of which has been in question (subsection 1.1.2).

The project involves the following three steps:

Step 1: Learn about your mind through an adaptive assessment on MindLogger that will focus not on neurodiverse behaviours, made fun and engaging, much in the spirit of 'My Mind Matters Quiz'an open adaptive online questionnaire for people to create and track their own mental health profiles, much like popular personality tests (subsection 3.6.1).

Step 2: Users get feedback on their responses through data visualization pipelines and can customize and tailor assessments, complementing them with new activities such as survey questions, quizzes, digital diaries and cognitive tasks.

Step 3: User responses will be linked to relevant MHDB resource guides and projects (subsection 4.5.1) and game-like cognitive tasks built on MindLogger where performances can be tracked over time.

Step 4: A neurodiversity campaign with online challenges, game jams, awareness drives and student projects is envisaged.

This project is also under construction as part of an ongoing collaboration with the CRI, CMI and P. Escaich, O. Dauba and D. Louapre of Ubisoft.

The Distinction of the Thesisthe Sum is greater than all its Parts -Holistic Vision

My thesis involved conceiving and designing open inclusive interdisciplinary frameworks and digital tools to enable researchers, citizens and communities to do better research together. The vision of the thesis was not to be just one more project or app on mental health among the huge number that already exists, but for it to develop as a dynamic, evolving, selfsustaining and community driven ecosystem in mental health. In this regard, the following vision/idea/design set the main distinctions of the framework I had helped to put together in the past four years, highlighting its uniqueness. Some are covered by past or contemporary frameworks but to my knowledge, none cover holistically all these aspects as has been attempted here:

 Rather than one more project, MHDB can be considered as an all-inclusive knowledge base, for all to use and enrich, that structures and maps past/current/future projects (chapter 3)

 Rather than one more app, MindLogger can be considered as 'an app to build apps' for use across disciplines and user scenarios, and possibly replicate findings from previous research and technology efforts (chapter 4)

 Rather than contributing to other students' learning and society only post-thesis, the student peer-learning program (chapter 1) enabled me to contribute to other students' learning in my home country while learning myself, paving the way for many more to follow suit, reversing the 'brain drain' for 'brain gain' even as students.

The Synergy of the Thesis Components

The mutually enabling aspect of the components (MHDB, MindLogger and Student-driven citizen science framework for mental health) is that each one can take the core narrative with the other two playing a supporting/complementary role (i.e., 'take the backseat comfortably when another component acts as the driver'). This synergy by way of the interoperable and flexible nature in which the components are designed constitutes the core of its cohesion.

For instance,  MHDB (chapter 3) could be the core component heading the process where people find relevant information on symptoms and behaviours, with MindLogger (chapter 4)

acting in a supporting role to administer assessments and monitor them. The third component (chapter 2) could also play a facilitating part when students contribute to MHDB by adding projects (subsection 2.3.1).

 Alternatively, MindLogger could be the core component with students deploying it to collect data on their projects through the citizen science framework (e.g., subsection In this symbiotic relationship between the thesis components, the most significant takeaway is that throughout any project/effort, all the three (even while being impactful components individually) can support and simultaneously enrich each other. This in turn enables the components to achieve much more together than each would have on its own -'the sum is larger than the parts'. This mutually complementary, cogent and cohesive whole opens new avenues for future research(ers) and projects to continue and expand this ongoing process…. This is the crux of the vision and the hope of this thesis…..

Additional Collaborative Studies and Workshops in the Thesis

The concepts of open collaborative/citizen/community science in mental health and mental health technologies is at the heart of the thesis. I detail here a few projects and studies I was fortunate to contribute to and gain from during the thesis, alongside with and complementing the core thesis components. Each study has been referenced to the chapter they were described in and add value to.

Questionnaire Response Correlations to Improve

Efficiency: Preliminary Evidence from the Healthy Brain Network 1

Cited and discussed in subsection 3.6.1

Towards physiological markers for psychiatric conditions: A case study on psychogenic shivers 2

Cited and discussed in subsection 3.6.3
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Abstract. The presence of shivering and psychogenic shivering in mental health was measured using nosology manuals such as the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and a large body of existing psychiatric assessments and technologies.

We found results for three shivering related phenomena: chills, tremors, and temperature.

None of the other shiver-related terms (N=9) yielded any results, which suggests that the role of psychogenic shivering in mental health has been largely understudied by researchers and clinicians. We also searched for the terms "mental health", "disorder" and "psychiatry" in all articles related to psychogenic shivers (N=42) and found no mention of these terms in the majority of them (N=30). Psychogenic shivers may provide an unexpected physiological marker for monitoring mental health disorders and their evolution over time, to the extent that they are consciously experienced, quantifiable, and universal. To further examine the role of psychogenic shivers in mental health, we created an open and exhaustive knowledge base of the available literature on psychogenic shivers in cognitive neuroscience, where publications were classified along 13 categories such as stimuli, brain areas, sensors and psychological constructs. We conclude that aesthetic emotions (such as chills) could provide excellent case studies for peer-based collaboration systems, whereby all stakeholders (patients, clinicians, students, etc.) can share, collect, and analyze data to map and understand the relationship between stimuli, emotions, physiological signs, and symptoms in mental health.

keywords. mental health, chills, psychiatric assessments, psychogenic shivers, DSM-5, temperature, open health, nosology, physiological markers,

Introduction

This article aims to investigate the extent to which psychogenic shivering has been used in psychiatry as either a symptom, a sign, a behavior or a question. The universal, conscious and measurable emotion of psychogenic shivers (shivers of psychological origins rather than thermoregulatory) has attracted increasing scientific attention in recent years (figure 1). Temperature was also related with withdrawal symptoms in substance related and addictive disorders, in that, temperature regulation was observed for up to 6 months after opioid detoxification. Likewise, withdrawal symptoms were characterized by increases in body temperature along with other signs. Elevations in temperature reflected by breakdown of thermoregulation were associated with the diagnosis of neuroleptic malignant syndrome.

In the DSM-5, piloerection was found under diagnostic criteria of Opioid Withdrawal (292.0;

(F11.23)) as one of the signs or symptoms that may be experienced. It was also mentioned that piloerection was more associated with severe forms of withdrawal. Thrill seeking is also mentioned as a consequence of reckless behaviour under post traumatic stress disorders. Thrill seeking is also mentioned as a personality feature associated with diagnostic specifiers of, or co-occuring with conduct disorders. Thrill seeking is mentioned as a consequence of reckless behaviour under post traumatic stress disorders. Thrill seeking is also mentioned as a personality feature associated with diagnostic specifiers of, or co-occuring with conduct disorders

Results from MH questionnaires analysis

We search for PS-related queries in MH questionnaires (results in table 2). Out of 100 mental health questionnaires taken from the list of assessments in the Healthy Brain Network Study and the NKI Rockland Sample Study. We found results for the terms "chills" (N=2) and "tremors" (N=4). These were all the mentions of PS-related terms in the 100 questionnaires examined. Likewise, we found no results for the terms shivers, goosebumps, frisson and feelings of cold, cutis anserina, gooseflesh, horripilation, or thrills.

association between hallucination and psychogenic shivers, such as Tactile A Hallucination involving the perception of being touched or of something being under one's skin. The most common tactile hallucinations are the sensation of electric shocks and formication (the sensation of something creeping or crawling on pr under the skin).

A number of neurobiological markers related to psychogenic shivers (e.g., lower heart rate and skin conductance reactivity; reduced basal cortisol reactivity; abnormalities in the prefrontal cortex and amygdala) have been associated with oppositional defiant disorder.

Searching for psychiatry terms in chills papers

We searched for the terms "mental health", "disorder" and "psychiatry" in all the articles related to psychogenic shivers (N=39) and found no mention of these terms in the majority of them (N=30). We excluded results where there was a mention of PS terms in the citations, or author information. Several researchers belonging to departments of psychiatry or mental health authored papers on psychogenic fevers, but did not address psychiatry or mental health in their articles specifically. We also note that in some articles (N=4), recruited participants were either excluded for, or did not have a mental health disorder.

Direct and relevant results were found in 3 articles. In (Sumpf et al., 2015), under the future perspectives section, it was suggested that the findings could help biofeedback therapies used to treat depression or schizoid personality disorder. In (Oka, 2015), psychogenic fevers were claimed to be observed in anxiety, mood ad borderline personality disorders. The third article (Neidlinger et al., 2017) involved a wearable that was developed for mood and affective disorders. Indirect references (mentions of the search terms that are not in the context of, or do not relate directly to psychogenic shivers) were found in 3 articles. For example, music was mentioned to benefit mental well-being.

Discussion

We searched for PS-related terms in mental health assessment tools to identify whether this emotion has ever been used in psychiatry as a diagnosis. We found chills, tremors and temperature, piloerection and thrill seeking used in the DSM-5 as a sign for a total of 14 disorders. These were represented over many psychiatric disorders, including PTSD, Panic Disorders, Autism Spectrum Disorder, and Substance Use Disorders. Chills and tremors were also found present in questions of 6 questionnaires commonly used in mental health and in two existing databases collected as part of large scale studies on brain imaging, genetics, psychiatric, behavioral and cognitive information. In this section, we first discuss these results

and their utility in? psychiatry and behavioral science generally. We then discuss how the existing database can be improved to allow participation from physicians, researchers, patients and the scientific community at large.

We found chills to be related to panic disorders. This is intriguing and should be examined further in relation to negative PS (Halpern et al., 1986; Zald & Pardo, 2002). It is known generally that the relation between temperature and stress is quite old and present even in reptiles (Oka, 2015), a phenomenon described as stress-induced hyperthermia or emotional fever. One plausible explanation for this phenomenon and which should be examined further through physiological studies is the role of the immune system as a general response for stressful situations. Panic disorder chills and negative psychogenic shivers would be instances of emotional fever (Briese, 1991).

Shivering is a muscle tremor, we therefore searched for questions related to tremors in mental health to identify plausible match. We found tremors to be used both as a sign and a symptom.

The relation between muscle tremors, anxiety and stress remain to be elucidated. One interesting line of study concerns shivering related to epilepsy, which is a comorbidity for some mental health disorders.

DSM-5 queries related thermal irregularity to opioid detoxification. The anti-opioid Naloxone was found to inhibit positive PS (Goldstein, 1980). Although that latter study's sample size is limited and this study has never been replicated, this is of interest when considering the fact that opioid antagonists such as naloxone often play a role in the formation of new memories and learning (Schoeller, 2015). In general, this demands that the relation between opioid agonists and antagonists, thermal irregularity, stress and learning be clarified.

Conclusion

As expected, shivering, chills and other thermoregulatory functions sometimes appear in mental health questionnaires. This is true in particular for the NEO Five Factor Inventory. In This editorial is aimed at individuals participating in health science in any capacity, including but not limited to people living with medical conditions, health professionals, study participants, and researchers spanning all types of disciplines. We present ten simple rules (see Figure 1) that, while not comprehensive, offer guidance for conducting health research with human participants in an open, ethical, and rigorous manner. Implementing these rules can be difficult, resource-intensive, and the rules can at times overlap with one another as well as conflict with one another. They present a challenge and may not be implemented all at once, but they are intended to accelerate and improve the quality of human health research.

Work that fails to follow these rules is not necessarily poor quality research [9], especially if the reasons for breaking the rules are carefully considered and openly articulated (see rule 6: document everything). While most of the responsibility of following these rules falls on researchers, anyone involved in human health research in any capacity [10] can apply them.

For each rule, we provide a very brief background motivating inclusion of the rule, followed by a few recommendations.

Integrate ethical principles

Health research is no longer exclusive to scholars or medical professionals. Technology developers are increasingly engaging in and leading biomedical research, participants are taking on a more active role as partners in research, and non-scientists are even designing and deploying their own health research projects [11]. While this greater involvement of nontraditional parties in health research has the potential to advance the research in novel ways, it is critical for these parties to abide by ethical and responsible practices, to ensure privacy and safety. The tech industry continues to generate increasingly sophisticated digital technologies such as wearable devices, mobile phone apps, and social media that can record more and more aspects of daily life [12-15], without direct, voluntary consent or clear information about how data will be used, shared, or reported. This can lead to unintended consequences, such as inappropriate disclosure of personal information, and the spread of inaccurate or misleading information.

In a rapidly changing research landscape with shifting roles, it is crucial to emphasize and enforce core ethical principles, including respect for persons, justice and beneficence (doing what is right) [16], and respect for law and the public interest [17]. The well-established, tried and tested rules and regulations for behavioral and biomedical research involving human participants [18] must demonstrate voluntary participation via informed consent [19-22],

perform risk assessment to determine if the probability and magnitude of potential harms are balanced against potential benefits, include those who may benefit most from knowledge gained, consider downstream societal implications, conduct an external review of study procedures before initiating any project, and develop additional protections for vulnerable stakeholders. We consider stakeholders broadly as any entity with the potential to be affected, to represent and store those data, remembering that while data storage costs have rapidly shrunk, other costs, including but not limited to compromised privacy and unauthorized access, are inherent in any data collection [23-26].

For community-facing projects, hold meetings with community members to allow for concerns and questions to be voiced and responded to. Seek out opportunities to bridge divides among communities and their access to resources. For example, work to match stakeholder ideas and needs to other stakeholders' skills and resources. Make efforts to raise awareness of complementary literatures and to overcome disciplinary divides. Participate in funding opportunities for projects that involve non-research stakeholders and patient-centered outcomes, such as from the Patient-Centered Outcomes Research Institute (PCORI) [42].

Invite non-scientist stakeholders to take part in scientific events, such as conferences, seminars, workshops, and lab meetings [43,44]. Participate in such events as a non-scientist in research outside of your areas of expertise (e.g., stepping outside of your 'comfort zone').

Actively engage with non-scientists and participants outside one's discipline; listen to, respect, and value their perspectives and opinions. Strive to engage a diverse population (e.g., demographic, gender representation, employment, education, etc.). Such diversity will ensure a better informed approach to the research, a greater interest in the research results, and broader generalizability of the research findings. This is especially important because the views and perspectives of patient groups who stand to benefit most from research are rarely considered or acknowledged, representing a persistent challenge across many areas of health research.

Clarify roles and rewards

There are obvious benefits to clearly articulating what roles different contributors will play in a given research study and how they will be acknowledged or rewarded accordingly. Not only does it set up reasonable expectations for all parties, but it also avoids conflicts and misunderstandings commonly found in the academic research community related to authorship and allocation of funds and other resources [45]. Human health research raises the stakes considerably, given that it involves human participants, who are rarely acknowledged for their participation. Open human health research raises the bar further, as it engages many different stakeholders and increases the number of potential contributors who should be rewarded for their contributions.

Rewards in research for non-scientists, aside from the satisfaction of having contributed to science, possible monetary compensation or prizes [46-49], typically include information about their health, or access to experimental treatment. Rewards for scientists are also often driven by forces beyond the individual's control, such as funding, promotion, and tenure.

While individual scientists do write proposals to request resources and support, it is rare for

Replicate prior work

It is incumbent on researchers to ground their research in the context of prior work. The first step is often to confirm prior work by reproducing past results (apply the same methods to the same data to get the same results). To ensure that this prior work translates to a new study population or reimplementation of old methods, a researcher tries to corroborate prior work by replicating past results (collect new data, apply similar methods, to get similar results).

Replication in science is presently in a woeful but improving state [73,74]. Science is by its nature uncertain, improving and replacing current models with better models over time.

Replicating prior work helps to reduce this uncertainty and increase our confidence in the findings [75-78]. Conversely, past work can be reassessed in light of new findings as well [79], and past data collected by others can be independently reused or integrated with newer datasets [80,81].

Replication does not necessarily mean running a past study or its analysis again in exactly the same waythis may be a waste of resources if the original study was conducted on a small, non-representative population using outdated approaches. Instead, use best available practices and sufficiently powered sample sizes from relevant populations to evaluate the state of knowledge and to establish a sound foundation for a research program. Some conferences, such as the Organization for Human Brain Mapping, have given replication awards to encourage such studies [82].

Designate some of your time and research efforts to replication and confirmatory studies. Find prior work related to your research questions. Carry out replication studies by following published methods with new or existing open data, explaining your deliberate data acquisition choices [81]. Be mindful of the fact that validity and replicability are different, and that the goal of replication is to test validity or generalizability of the models in question [79].

Perform complementary analyses on published open data to further explore the data behind published findings [43].

Make research reproducible

Just as it is crucial to try to replicate prior work to ground current research, it is likewise crucial to make your own research work reproducible as a foundation for future research.

While replicability is the ability of a method to be repeated to obtain a consistent result, reproducibility is the extent to which the same conclusions can be drawn from the same data by using either the same or different methods. Data and methods must be subjected to scrutiny, and evaluated for robustness and generalizability. This practice is not an act of Directories of data repositories include re3data (re3data.org) and OpenDoar (v2.sherpa.ac.uk/opendoar).

In your published methods and results, be as clear as you can about your assumptions, hypotheses, measures, and methods. Summary statistics and thresholds can be useful, but commonly-reported statistics such as p values are not one-size-fits-all measures of research quality or reproducibility [88-90]. Where word limits or other constraints prevent adequate articulation for clarity, publish as supplementary information elsewhere (see rule 6: document everything and rule 7: publish and present accessibly).

Document everything

In service of the "kind of transparency which is the opposite of secrecy" definition of openness [91], each step of research requires clear, accurate, and precise documentation.

Comprehensive, clear, and accurate documentation is critical for replicability and reproducibility of research, but is also critical for communicating to a larger audience than the research community, and can encompass elements beyond those required to conduct the research. People can benefit from insights into the entire process, such as how and why a research question was formulated, what significance and impact answering the question could have, how the question relates to prior work, how the study was designed and executed, how the results were interpreted and presented, and what lessons were learned (92).

Prior to recruiting any participants and collecting any data, preregister your literature review, ethics statement [92], and methods. Preregistration can consist simply of documentation of plans for conducting a study, independent of peer review or a publisher, and can be submitted to an online preregistration site (for example osf.io, aspredicted.org, or the PROSPERO registry for systematic reviews at crd.york.ac.uk/prospero/). Preregistration can also involve submitting to a publisher to be "externally reviewed, and those that meet criteria will be accepted in principle prior to data collection" [93] (See Figure 2). A preregistration manuscript submitted for review and accepted in principle by a publisher is called a "registered report" [94,95]. This requirement for preregistration is not always optional, as 

Publish and present accessibly

To best serve health research, communications at every stage of the research endeavor must be findable, accessible, interoperable, and reusable (FAIR; see rule 5: make research reproducible) [83,84]. By accessible, we mean both easily retrievable and expressed in a manner that is clear and intelligible to the widest possible audience without unduly compromising the integrity of the information to be conveyed. This is a challenge not only because there are technical and abstract elements to any scientific study, but also because Finally, in the future, accessibility will increasingly refer to machine readability for computer mining and interpretation of the literature. Placing data, metadata, and any other structured documentation into data repositories will make them more easily discovered, cited, and tracked by humans today and machines tomorrow. Permanent, versioned, and unique identifiers (such as DOIs) will make it easier for computers to help us more rapidly navigate and analyze the vast literature in the future.

Emphasize research significance

Researchers all too often take for granted that the audience for their work is restricted to a narrow group of specialists who read and review their scientific articles, and that the implications and significance of their work is readily apparent. However, because human health is a topic of immense interest, there will always be a great deal of attention on topics that relate to people's hopes and concerns, especially by news media, and therefore there is a danger that the significance of a body of research will be misinterpreted. The onus is therefore often on researchers to communicate the meaning of their results, and to communicate a clear context for their work and to convey a strong sense of purpose and meaning that motivates an experiment's design and drives any applications that are derived from the work.

For participants, let others know why you are participating in the research you participate in.

For researchers, succinctly state the goals of each project, so that participants may understand not just their direct benefit, but how their contributions promote positive scientific research outcomes. Clearly publicize to all stakeholders the physical, realizable benefits of individual involvement in the research. Report on the implications of your research to wider audiences through traditional and nontraditional venues, from "news and views" pieces and press releases to Tweets, Youtube videos, and Science Cafe presentations.

For a researcher, the term "significance" confers an additional meaning distinct from importance and is referred to as "statistical significance". Statistical significance is a commonly misunderstood and widely reported benchmark for believability of a study's results. A critique of statistical significance reporting is beyond the scope of this editorial, but generally in statistical analyses, reporting a p value and using that value as a binary threshold is insufficient at best [1,5,89,90,135,136]. Thoroughly articulate statistical significance, Return on investment must be considered in choosing which risks to take, and some risks may be too costly even if the potential rewards are great [79,143]. Openness is a buzzword today, particularly in science, and as such openwashing ("to spin a product or company as open, although it is not" [144]) is both a practice to watch out for and an example of a risk that would be hard to justify in terms of value but easy to justify in terms of cost. Legal frameworks, particularly as relating to personal data and privacy, are a rapidly changing factor in assessing these risks. Consequently, cost-benefit analyses should be undertaken frequently.

These analyses should be documented (see rule 6: document everything) and shared (see rule Education System Through the program, I realized that it is vital to understand the structure and functions of the existing system to induce change even at an elementary level. I have learned about the various hierarchical structures and constraints involved in introducing changes to the present curriculum in education.

Subject Knowledge I have acquired knowledge about autism and its repercussion across the globe.

Though it is not my field of study, I gained many opportunities to contribute to and gain from the subject which not only enriched my learning experience but also helped in the development of the project.

Program Curriculum and Design

The unique take-away of the program for its coordinators and organizers is to have confronted the challenges involved in creating a curriculum which could be translated across cultures, languages and customs. I learnt about how biases and assumptions drawn from personal experiences could influence the design of the curriculum. I also realized the importance of user-centric curriculum and bottom-up approaches in classrooms.

Organization and

Facilitation

Classroom management is an art, and it requires extensive training and planning to be achieved successfully. As a facilitator, I assimilated a significant amount of knowledge about teaching and managing students by facilitating the classes provided by various professors in India and France.

Changemaking

Through this program, I got an opportunity to confront and contemplate upon my lack of awareness about the power that I had as a student, to bring significant changes in education and science. It helped me to realize the role and the responsibilities of students in society, and most importantly, it built a platform for me to act from. It inspired me to wonder how the world would look if all the students in the world gained such opportunities and motivation as I did. Finally, it proved to me that anyone is capable of making a difference from where he/she is. This is particularly true of students who hold a vital position in doing so.

Open Informal

Learning Centers students were also asked to watch the movies 'Forest Gump' and 'Life Sciences of Grandin' and to give their reviews. They were also required to give feedback on each session on Google Sheets to the mentors. They were taught to use social media for their research purposes and were also made aware of the importance of online courses in their learning. The students were excited and enjoyed learning new research related skills.

The knowledge and competencies that the students gained during the program would be useful for them in their studies, research and careers in various fields. They learned by working practically on real time projects with interdisciplinary groups. Students really felt empowered as they were able to meet scientists and academicians from the international field of research and academics.

The meetings were held with a worldwide project in-charge for a data base on mental health and a visiting scientist to Indian Institute of Science, Bangalore. These meetings have really motivated students towards research and shown them excellent opportunities for them to contribute towards it. The staff and students were really encouraged by meeting Dr. Ariel Lindner and gained significant understanding of the importance of their involvement in the project, its contribution towards the welfare of the society and its role in their future prospects."

Table S2-5: Testimony of a student M. Bharathi, PCAS, Chennai

"As learners, who got accustomed to the Indian education pattern, we are often subjected to 'groupthink', our thoughts and ideas go unchallenged and often do not hold much value to others. Also, since India adopts a collectivistic framework towards learning, it dampens the individual's opportunity for learning. In short, it lays emphasis on the needs and goals of a group over the needs and ambitions of an individual. The possibilities of me knowing more or different subject content apart from my schoolbooks, were minimal. This created very little room for sharing of thoughts and ideas. But during the programme, the concept of an individualistic framework towards learning (the concept that promotes one's thoughts and ideas as being valuable) gave us an opportunity to step out of the box and it provided us more resources to learn from. The mere thought that 'I might know something that my friend might not know, and they could find my idea interesting as well' (which includes the ideas that are apart from the contents of the book that Indian students are encouraged to strictly stick to) motivated us and gave us a new perspective towards learning. But, since the individualistic framework towards learning was implemented in a collectivistic culture, it changed the group dynamics and the transition from "us" to "me" took a little time and effort to be achieved. Initially, the students were hesitant to express themselves as individuals but were willing to showcase their abilities as part of a group. This could have been that the reason for our individual deliverables being less when compared to the group efforts. On the whole, the programme gave us the opportunity to do personal SWOT analysis and gave us the insight to differentiate between peer-to-peer learning and the traditional learning pattern adopted in India." 
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 1 d'autant plus critique que la qualité et l'accès aux services cliniques sont bien inférieurs à ceux des maladies physiques. Malgré la diversité des approches, des technologies et des initiatives connexes, les efforts de recherche demeurent dispersés, cloisonnés et manquent d'interopérabilité au point parfois de marginaliser le rôle des parties prenantes. La science citoyenne menée par les communautés affectées présente une excellente opportunité favoriser l'inclusion, et la réalisation et d'application. L'objectif général de la thèse est de développer un cadre d'action interdisciplinaire inclusif avec de multiples parties prenantes, et de documenter l'émergence d'une science citoyenne ouverte et collaborative en santé mentale dépassant les frontières géographiques, culturelles et disciplinaires. Plus précisément, je présente un cadre de travail qui permet aux personnes atteintes de maladies mentales, à leurs familles, aux enseignants et aux soignants, aux chercheurs, aux cliniciens, aux thérapeutes, aux ingénieurs, aux étudiants et aux citoyens de générer, explorer et améliorer les méthodes innovative d'évaluation et de suivi. Les résultats d'une série d'études sont présentés, illustrant les modèles de recherche conçus et combinants les aspects théoriques et pratiques de la thèse démontrant l'apport significatif et la portée pratique des outils présentés dans la thèse pour le domaine de la santé mentale et au-delà afin répondre aux Objectifs de Développement Durable fixés par l'ONU. Pour atteindre cet objectif, la thèse se compose des éléments suivants, qui sont interdépendants et complémentaires : Cadres de collaboration dirigés par les étudiants pour la santé mentalescience ouverte : J'ai déployé un programme d'études intercontinental d'apprentissage par la recherche entre étudiants, destiné à des étudiants universitaires en France et en Inde. Un programme d'études flexible ciblant les méta-compétences de recherche et les compétences du XXIe siècle a été conçu et mis en oeuvre. Les résultats et les réactions ont montré que les
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 3 Plateforme et application de collecte de données MindLogger pour une utilisation interdisciplinaire et des scénarios d'utilisation : J'ai présenté les motivations et la signification de la construction de cet outil pour donner aux individus/groupes la possibilité de faire leurs propres recherches, et de construire et administrer des enquêtes, des évaluations et des tâches pour collecter et partager des observations, des idées, des données et des solutions. J'ai également souligné comment MindLogger pouvait faciliter le suivi des symptômes et des comportements, la reproductibilité des résultats, les évaluations écologiques momentanées, la collecte de données transculturelles, l'amélioration de la commodité, de la cohérence et de l'efficacité des efforts de recherche et de collecte de données. Cela a également contribué à l'évolution du MindLogger. Ce volet couvre également la mise en oeuvre prochaine du MindLogger dans le cadre de l'étude du Child Mind Institute's Healthy Brain Network, qui vise à recueillir des données sur les activités quotidiennes des participants (telles que le sommeil, l'humeur, le stress, l'activité physique, etc.
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 9123456 The opening and sharing of data and results with stakeholders' agreement Designing the research project: Identify the research issue and aims; verify whether a citizen science, approach is appropriate; characterise the needs, necessary resources and possible constraints. Connecting with partners: How do you find and choose them? How do you understand their aims and ensure the strength of their commitment? Design and implementation of protocols: When do you discuss them and with whom? What form should they take, how should they be written, how should they be shared and what kind of support is needed to implement them? Project leadership: How do you maintain and recognise participant commitment? How do you fund the project? At the end of the project, how do you evaluate it and the related citizen science initiative, and how do you capitalise on the initiative? Data: How do you optimise data collection and use? How do you ensure data protection and access? Results: How do you distribute, exploit and ensure the impact of results, both for participants and those outside this circle?

  is to create, sustain and scale an open, inclusive ecosystem with digital toolkits that unites multiple stakeholders (people with mental health conditions, their families, caregivers and well-wishers, researchers, clinicians, therapists, technology developers, students and citizens at large), and set-up a framework that spans geographic, cultural and disciplinary borders syncing science and societal needs. Towards this end, my thesis involves the following inter-related and complementary chapters/components: Chapter 2 proposes a student-driven, interdisciplinary, collaborative framework for mental health open science. I conducted a research study ('Continent-crossing, Student Peerto-Peer Learning through Research Paradigms and its Application to Mental Health') involving a student-led peer learning program with a flexible curriculum targeting research meta-skills and 21 st century skills applied to science. It involved students from my universityin France and students from my hometown Chennai, India, and explored themes along the lines of reversing 'brain drain' for 'brain gain', students contributing to other students' learning and society even while learning themselves (rather than them having to wait to get a degree or job before even thinking of it), and students applying what they learn on projects with mental health communities at large.Chapter 3 involves constructing the Mental Health Database (MHDB) -an Open MentalHealth Knowledge Base/Ontology. A driving factor behind MHDB was to curate, structure and map useful scientific mental health information across different domains/components and sources in a single database, such as information on symptoms and disorders from nosology manuals like the DSM-5, questionnaires and cognitive assessments used by doctors and clinicians, technologies, research publications from scientists, resource guides and projects involving people challenged by mental health disorders and their parents, caregivers and wellwishers. It is envisioned as a framework that will make it efficient, quicker and easier for multiple stakeholders to find relevant information within and across the above-mentioned mental health components. In this framework, I conducted a research study on the effects of adding multiple domains to the same core questions used in psychiatric assessments in predicting outcomes such as disability (section 2.5). The study forms the core of the MHDB chapter with approaches and implications involving other components such as the 'questionnaires', 'behaviours' and 'symptoms' components and a future project to build an adaptive mental health assessment tool. Also discussed are additional components of MHDB under development and future projects and considerations to transform MHDB into an interactive database.Chapter 4 depicts the MindLogger Data Collection Platform and App for Mental HealthOpen Science. It describes the motivations and significance behind constructing a platform towards data collection with digital tools and digital ecosystems to make it possible for people to develop their own research and assessments to monitor symptoms/behaviours and share their insights and observations. The potential value of constructing MindLogger and its implications for research and mental health citizen science such as trans-cultural data collection, replicability and reproducibility of results, optimizing studies with larger sample sizes, improving the consistence and convenience of data efforts by enabling data collection from home and school settings, with multiple informants etc., are elaborated upon. MindLogger's development and features are detailed. Methodologies, their implementation in the Child Mind Institute's Healthy Brain Network (HBN) study to collect data on participants' life activities and future projects and considerations are also discussed. Chapter 5 involves the Discussion and Perspectives section with respect to the entire thesis. I focus on presenting an overview of the vision, values and themes explored in the thesis. Additionally, insights, studies and workshops are presented on the topics of 'open collaborative science' and 'mental health technologies', the bedrock of the thesis. The WHAT(s), HOW(s) and WHY(s) of the thesis are sketched in a single
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 21 Figure 2-1: Schema 1-Steps envisioned in the program (image credit: L. Mueller-Naendrup)
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 22 Figure 2-2: Empathy Map filled by the stakeholder group representing people with autism

Module 3 :

 3 Introduction to Research Methodologies and Scientific PublicationsStudents were shown, many for the first time, on how to access research articles using tools like PubMed. They were given a basic introduction on the structure of research articles and how information is split into sections, followed by brainstorming sessions and discussions (e.g., students came up with an idea to design a video game with the intent of using it as a diagnostic tool for autism). In other assignments, students defined scientific questions and hypotheses, built on them by finding references to research articles with the local professors and peer-reviewed each other's work. To highlight an examplea student selected 'autism and tactile behaviour' and summarized few research studies on the topic and techniques used to help children hypersensitive to touch such as the usage of deep pressure therapy tools (vests, blankets etc.), deep pressure massages and imposing firm touch while showing signs of affection. Another student observed the behaviour of a boy with autism whom he had known in his neighbourhood and initiated an activity with him by asking the boy to use his phone to take a picture. The student had noticed repetitive behavioural patterns exhibited by the boy and discussed it with his peers.

Module 4 :

 4 'Zooming In-Zooming Out' of Research Concepts (ZiZO)Students came up with research evidence addressing the questions/answers from the autism book 'The Reason I Jump'22 written by Naoki Higashida such as -'Why do you ask the same questions over and over'?; 'Why do people with autism talk loudly and weirdly'?, 'Is it true that you hate being touched'?, 'How do children with autism manage time'?, 'Does a child with autism sleep at night as normal children do'?. On questions related to communication, students listed and explored how speech therapy could be used as an intervention, and how literature, apps and games aid in improving communication. Students also explored whether the author's experiences and responses to answers were generalizable to the autism spectrum (i.e., detailed other perspectives), presented open questions and discussed scientific explanations to understand autism related behaviours.

Module 5 :

 5 Game Design for Research and Education/Game jam Students conducted a three-hour mini game jam with a parent and child with special needs, where they made board games with the given game equipment and time constraints. Students explored game themes to identify aptitudes, interests or special talents of children with autism and those that could reinforce desirable behaviour. Students made the board game -'Imitate Me, described as follows -"Imitate Me enables children to be motivated to imitate [what or who] and it is an exciting game for regular children as they like to imitate others. The first person to reach the end is the winner." Post game jam, computer science students started to make a digitized version of the game.
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 23 Figure 2-3 presents overall statistics combining all feedback forms and word clouds highlighting frequent responses per feedback category.
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 23 Figure 2-3: (a) Overall statistics combining all feedback forms for four main feedback categories (b) Word clouds highlighting most frequent responses for each feedback category
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 24 Figure 2-4: Envisioning the model to reverse brain drain for brain gain through peer-to-peer learning to meet the SDGs, where students studying abroad contribute to the learning of students back home (image credit: F. Schoeller)

  addressed different interpretations of open science in program modules -furthering science in an openly accessible and transparent way, and science that is open for all. We recommend for student output and research efforts to be well documented and openly available for future teams to build upon. Inspirations are also drawn from Bodo Hoenen's model of Open Social Innovation 29 envisioning generation of ideas & insights from existing projects at a rapid pace by opening them up (where projects are broken down into their constituent components or bricks that can be recombined, customized & optimized). Parallels are also drawn from the successes of the iGEM project 16 (mentioned in the introduction section) where students can use and enrich standardized genetic components called biobricks developed during prior projects. In our program, K. Sivakumar initiated a club as a means for the students in Chennai to continue collaborating with students in Paris beyond the program to discuss their projects and possible common initiatives, pitch ideas and to recruit peers, and have them get involved in joint endeavours.

  available in an open accessible way for others to use and build on. Feedback indicated support and optimism with regard to what the program represented, increased awareness on research methodologies and development transferable and soft skills which otherwise may have not been introduced to the students in their local curricula.From the group dynamics and the interest expressed, it seemed evident that the students had not lost their potential to be flexible and adapt to a different system and gain by it, and any other gains they may discover along the way which would open up the scope to develop their projects and interests along newer lines too. With regards to project dissemination, students from PCAS19 went to present their work and shared program experiences with students of MMMCHS20 as part of inter-university peer learning and teaching within the program. The intent was to inculcate a learning environment for learners to become future mentors. On Autism Awareness Day, MMMCHS conducted a conference where J. Deva Jishni (MMCHS) won the first prize for her presentation on autism. Post-program, M. Bharathi (PCAS) did an internship at an Information Technology firm as a content developer. She applied what she learnt from the 'Game Design for Research and Education' module and designed a game for clients and co-workers to emphatize with each other.

(

  SARAS), an initiative that emerged from the program to address quality and gender equality in education. It takes inspiration from the program's research framework to address existing challenges in education in developing countries. He will coordinate a summer school in India in 2020. A. Krishnakumar hopes to create self-sustaining peer learning programs, student research challenges and online mentoring programs connecting students to researchers through his C4SDG (Critical thinking, Communication, Collaboration, Creativity for SDGs) initiative with R. Mylapalli et al at the Université de Paris. Also in the context of project leader and PhD student A. Krishnakumar, students who had little to no experience in the field of mental health contributed to his thesis project, both directly through assignments and conceptually. For example, school visits and student coursework towards monitoring behaviours in children helped inspire him to contribute to a daily symptom diary and behaviour monitoring app (MindLogger, 30 developed by the Child Mind Institute in NY and described in chapter 4) that allows parents and caregivers to track behaviours and add insights into what they find rewarding and challenging on a daily basis. Notably, the app can be customized as a data collection tool for use across different scientific disciplines/topics, have multiple language versions and features conducive for deployment in India and use for data efforts by students in future peer-learning programs. Student and staff testimonies included in supplementary tables S2-2 to S25. The few professors and staff in Chennai who participated in the program expressed optimism to adapt research methodologies, pedagogy and technology in their classes and projects. Dr S. Arasu designed a project on leprosy with the active involvement of student efforts in the protocol, crediting the program. Where the Parisian university is concerned, they introduced a global framework to catalyze resource and intellectual knowledge sharing, for a paradigm shift in research methodologies from closed scientific enquiries to a more open models. Over 80 students and staff expressed their interest in making university endeavours in research and education accessible and open to start similar programs in the countries of their origin.

  students in Chennai leading to fruitful knowledge transmission and exposure. Students were able to get real time feedback as they presented their work. The dynamics are quite different with video conferencing tools like skype. It offers unparalleled possibilities on mobilizing the knowledge and mentorship, literally from and to any corner of the world with the help of digital technology. Nevertheless, personal participation in facilitating class dynamics serves greater purpose, in terms of making effective observations, understanding practical difficulties and contributing to enriching critical discussions. It also actively while building facilitates a positive relationship with teachers and students. When put in the context of Massive Open Online Courses (MOOCs), those from top notch institutions were thought to have the potential in making education more accessible and open

2. 9

 9 Future project: From Brain Drain to Brain Gain towards transcultural citizen science projects with local communities to meet the SDGs Anyone can be a scientist towards achieving milestones in Citizen Science and Scientific Citizenship. *This thesis model/framework has blossomed to become the Centres for Advancing Interdisciplinary Research and Education (CAIRE) initiative, co-founded by me and Dr. Felix Schoeller, Kishore Sivakumar, Parand Danesh and Shazzad Hossain Mukit, whose active collaboration and input were critical in its development and in the content detailed below.

  in and lead open collaborative citizen science projects with local communities and meet the SDGs. Inspiration is taken from a similar model proposed in Synthetic Biology for training citizen scientists (Figure2-4) and is adapted to fit this model.
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 25 Figure 2-5: A.B. Lindner's 'SynBio4All' model where people can learn about synthetic biology through games & MOOCs, and contribute to and through research & citizen science projects (image credit: A.B. Lindner)34 

  (i) Knowledge integration from several projects, experiences, technologies and research that are still on the rise, (ii) A framework to discover existing projects and interoperable information while driving new and impactful endeavours to make collaborative and informed decisions, (iii) Collaborative approaches in building an ontology for mental health ("We're drowning in information and starving for knowledge." R.B. Rogers), (iv) A structured semantic infrastructure that lends itself to merging with other ontologies, (v) Browsing for a particular concept and identification of related and relevant information across literature, technologies, initiatives, experiences and so on, and exploring how they fit into a larger structure, (vi) Accumulation and aggregation of research findings relating them to practical efforts, (vii) Navigation of the ontology to elucidate patterns and pathways explored and unexplored, and (viii) Generation of new knowledge and patterns linked to existing content enabling diverse views and discussions across the spectrum of mental health.

  2.1), not all are scientifically validated, with projects making questionable claims. A factor leading to the inspiration towards building MHDB involved building a system that would allow users to identify what technologies could measure which symptoms, whether claims made by projects have research backing etc. Few illustrative examples from existing research publications are listed in the following figures.
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 31 Figure 3-1: shows different pathways and levels of behaviours that can be measured by technologies like sensors (image credit: Mohr et al, 2017)12 

Figure 3 - 2 :

 32 Figure 3-2: Measuring bipolar symptoms with smartphones (credit: Matthews et al, 2018)13 

  (700+)  Symptoms and signs (1000+) from different disorders  Cognitive tasks (200+)  Measures and sensors for measuring mental states and behaviors (100+)  Groups related to mental health (100+)  Mental health technologies and projects (200+)  References/Research publications (170+)  Scientific Articles and practical guides for parents and therapists (500+ articles sourced from the Child Mind Institute)  Behaviors related to mental health (700+)  Questions from mental health related questionnaires (5500+ questions and 150+ questionnaires) Upon integration with the Cognitive Atlas ontology, 10,11 MHDB also has an additional 1000+ cognitive tasks, 1000+ Mental states/Domains and associated research references (1000+)., sourced from it.
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 33 Figure 3-3: A summary of the number of tasks classified per digitized cognitive battery, cognitive domains, task variants and stimulus presentation, in the database



  Response types: The 4 response types corresponding to a response option are: (i) Single Choice -Respondent must select precisely one of the options provided in the answer scale; (ii) Multiple Choice -Respondent can select zero or more of the options provided in the answer scale; (iii) Numeric -Respondent answers with a number (e.g., "How many times do you brush your teeth in a day?"); (iv) Text Entry -Free text answers (e.g., "Describe your feelings".)  Stevens' level of measurement: 4 level classification describing the nature of information within the values assigned to variables: Each response option is classified as Nominal, Ordinal, Non-Numeric or Ratio.  Position of '0': The position of '0' in each response option is classified as Minimum, Center, Maximum, N/A or any other position (n). '0' was usually found in the Minimum position. Continuous or Discrete: Response options are classified as 'Continuous' for values that include decimals and 'Discrete' for whole numbers and the rest. Almost all response options are found to be discrete.  Range: Response options are classified according to their range which refers to the number of response options available.
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 34 Figure 3-4: From SNAP to creating our SWAN+ questionnaire
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 38 Figure 3-8: Breaking down claims using technology to measure symptoms in MHDB: pain claimed to be measured objectively by the Medasense project 62 (credit: Jon Clucas)
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 39 Figure 3-9: depicts a workflow representing potential mapping of a project with MHDB components

4. 2

 2 MindLogger as a tool that facilitates reproducibility and enables optimization of past/current research & data efforts Confirmatory tests in chemistry lab practicals are used to confirm the presence of a chemical compound detected by preliminary tests (school parlance in India where I am from). A question probed is the prevalence and attitudes towards such systems or practices (confirmatory tests) in research and in mental health research specifically. In this field the typical implication of the term 'confirmatory tests' is repeatability, replicability and reproducibility of scientific results.

4. 3 . 1

 31 Inspiration from and comparisons with existing data collection platforms Why MindLogger instead of an existing platform? MindLogger supplants existing platforms that (a) are proprietary, not freely available or not open source, (b) need prior programming or design expertise to use, (c) have limitations to support or is not secure to obtain data on health, (d) are not designed specifically on or to support app (iOS and Android) and web versions and (e) do not support multiple forms of data input such as voice, drawing, photos, videos etc., besides text responses.
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 4142 Figure 4-1: Survey features: Radio widgets allow users to select options as responses to questions. Slider widgets allow a user to slide/drag to a specific value. Other widgets allow for setting dates and times and adding responses in the form of text and numerical values in tables or non-tabular form (image credit: A. Klein)

  and have to identify the words that were said against a larger set of words and (b) Verbal and phonemic fluency tests where participants have to spontaneously come up with words (e.g., 'name as many animals as you can in one minute'). Flexible and configurable cognitive widgets are being developed on MindLogger to enable the building of tasks that would require time-based presentation of stimuli and the timing of responses (e.g., tasks involving processing speed and continuous performance such as the Flanker task15 (Figure4-5)). Users can create tasks that have a fixed number of trials, give real-time responses based on task performances, and control timing and presentation of stimuli or tests where every activity/touch on the screen is time stamped.
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 4445 Figure 4-4: Examples of MindLogger's configurable cognitive widgets (image credit: A. Klein)
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 123111 Morning and Sleep Behaviour (13) Internet and Social Media (4) Context of Assessment (8 questions: e.g., 'What are you doing right now'?) 4. Mood Circumplex and Physical States (14) Daily Events and Overall health (23) Response options will have images associated with them for added clarity and engagement. On MindLogger, these will be implemented by widgets such as slider bars, single-select radio buttons, multi-select checkbox etc. These questions are constructed in collaboration with the National Institute of Mental Health (NIMH), USA & the CMI. The full list of questions can be found in https://bookdown.org/mikemxxiao/NIMH_Applet_Codebook/ Life Events Since you woke up (morning version)/Since the last assessment (evening version), please think of the ONE event that affected you the most (positively or negatively), no matter how slightly. Was today a relatively typical day for you in terms of routine/stress? Improving functionality and refining MindLogger An emphasis will be placed to make existing MindLogger features more efficient, driven by user feedback and development support through partnerships and the open source community.
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 51 Figure 5-1: Ten Simple Rules for Open Health Research: 1. Integrate ethical principles; 2. Involve non-scientists; 3.Clarify roles and rewards; 4. Replicate prior work; 5. Make research reproducible; 6. Document everything; 7. Publish and present accessibly; 8. Emphasize research significance; 9. Advocate open principles, 10. Take calculated risks; (image credit: A. Klein)

5. 2 . 1

 21 Wearable device: Thermal sensors improve wrist-worn position tracking11 

7 .

 7 Participants will try to forge collaborations with relevant stakeholders and collaborators for continued development and dissemination of OCEAN Logger, for widespread use. 8. Additionally, participants/groups will discuss and propose research projects based on the insights drawn from the collected data and discussions. This step is intended to facilitate the transition of closed scientific enquiries to more open models where nonscientists, students and stakeholders will design and participate in all the different stages of a research project (from defining the hypotheses to analyzing the results).
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 53 Figure 5-3: Example of an inclusive ecosystem that could be powered by the MHDB and MindLogger ('OCEAN Logger')

Figure 1 .

 1 Figure 1. Number of publications related to psychogenic shivers per year (N total = 38). The complete list of publications and annotated database can be found at URL ("https://www.researchgate.net/project/Chills-DB")

  directly or indirectly, by the project in question. Include people on your team who bring expertise in research ethics, methods, and data management. This is especially important for successfully guiding open human health research, in which efforts to mitigate risks for human participants and uphold key ethical principles must be kept open and transparent. Carefully choose what data to collect and how

  human health research that involves a clinical trial typically requires preregistration of study plans (e.g. clinicaltrials.gov in the US, the WHO International Clinical Trials Registry Platform -ICTRP, as well as many other country-specific clinical trials registries across the globe). Document any change or amendment as a project progresses. To make the documentation process easier, seek out established templates [96-100]. Strive toward reproducibility [73] (even for oneself in the future!) by providing self-contained, clear, and updated documentation, and by retaining data, code, recruitment documents and other research artifacts to build upon in the future [101-103]. After submitting registered reports and articles for publication, post your articles to preprint servers such as bioRxiv or arXiv, to share your knowledge and stake your claims without waiting for the full publication cycle [104,105]. Publish raw materials of your research such as data, lab notebooks, and software in appropriate venues, such as data and methods journals, and in the trusted repositories mentioned above. Document and publish often and in detail, including experimental designs and negative results, to receive feedback and to detect and resolve errors early in the process [106]. Errors occur in public and in private, and while "making code and data open does not prevent errors, […] it does make it possible to detect them. […] People often worry that if they make their code and data open, errors will be found, but that is really the whole point: We need to make code and data open because this is how the errors can be found" [107]. The individuals who document the research don't have to be the same people who conduct the research --assigning different people to document vs. run a study encourages generally understandable documentation. Finally, link to your publications, shared data, and other documentation on your professional website, social media, and curriculum vitae (CV) [105]. Let colleagues know about innovative documentation practices you are trying.

  Figshare, Zenodo, Dryad, protocols.io, and Aperture[103,117-125]. By making these products open and accessible, the scientific community will be able to build on your research more rapidly and more effectively.

10 .

 10 including an explanation for both the selection of and practical interpretation of the statistical tests you performed in the context in which you performed those tests, the assumptions involved, and any alternative tests and assumptions that were considered but rejected. Put your research findings in context, communicate them clearly and cautiously, and with In publications and presentations, publish in open access venues and follow FAIR principles. Publish in open data and open methods journals. Follow community-supported data format and reporting guidelines. Insist on publishing experimental protocols and negative results. Boycott review or submission for publishers and publications that flout open standards. When reviewing others' work, acknowledge attempts and provide recommendations toward more open science practices. Participate in open peer review, especially in languages other than English. Include an ethics section to articulate ethical considerations and implications. Make it clear where people can access open resources that you mention. When someone else mentions a resource, ask about access and usage restrictions. Include open resources on your webpage and CV. Take calculated risks A variety of risks are inherent in research with human subjects, in communications that can influence health practices, and in open practices. Honest and open deliberation of these potential risks across the lifespan of the research is essential to trustworthy, impactful human health research. These various risks can arrive in isolation or combination and be known in advance or realized over time. As such, we should justify the decision of whether to assume these risks based on the ability to mitigate potential harms against benefits of knowledge gained.

Figure 5 - 1 (

 51 Figure 5-1 (in section 5.1): Our 10 simple rules for open human health research, presented graphically.

ITable S2- 3 :

 3 had the privilege to attend workshops on low-cost prototyping of things using the Internet, and I also explored local 'maker-spaces' and informal learning centres with experts in different fields where students from different colleges could meet and develop interdisciplinary projects in a space out of their official framework. I was inspired to see how learning could flourish with informal open learning settings and how such settings destroy the several barriers that limit the access to knowledge. Source of Inspiration The other exciting part of my internship was an attempt to create a permanent International Interdisciplinary Club. I was encouraged to develop collaborations between universities to facilitate the mobility of resources and knowledge across universities. Unfortunately, due to various reasons, it was not possible to create a club during this phase but I was delighted to learn that the universities and professors from a hitherto rigid traditional education system were willing and open to the idea, and it gave me hope and encouragement to continue my efforts in the future. Testimony of Pr. Dr. S. Arasu on the impact of the peer-learning program on her The program has helped faculty learn about the following methods of research and teaching:  Concept of Open Science  The importance and process of involving students in research based on the principles of Citizen Science/Crowdsourcing  Sensitising and generating interest among students towards research on health problems through study-based review of literature, exercises like 'Zoom in Zoom out' and use of art and culture to pictorially present and understand the stakeholders' perspectives in the issue under research  Encouraging participation and brainstorming to motivate students in learning  Promoting students' creativity with regard to problem solving through organising them in groups for the planning and implementation of solutions in the form of varied Game jam models  Techniques of team building for effective teaching, learning and research, introduced and encouraged like those employed during the boot camp

Figure S2- 5 :

 5 Figure S2-5: Comic strips designed by a student (M. Bharathi) to disseminate information on autism through stories
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1.1 From Mental Health Disorders to Mental Health 1.1.1 What does it mean to have a mental health disorder or to be normal?
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Table 1 -

 1 

	Country	No. ofcompulsory	No. of compulsory	% of students with
		school-age	school-age pupils	SEN
		pupils	with SEN	
	France	7,425,038	330,406	4.44%
	Germany	8,708,531	480,024	5.5%
	Belgium	1,538,288	90118	5.85%
	Finland	545,188	45439	8.33%

1: The % of students with special education needs in European Countries
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Table 1 -

 1 

2: F. Houllier et al's criteria, principles and good practices recommended for citizen science projects, extrapolated and depicted with 'mental health citizen science' in mind

70 

2. Continent-crossing, Student Peer-to-Peer Learning through Research Paradigms and its Application to Mental Health

  

	2. 'Reinventing Libraries for Citizen Science of Mental Health' where communities
	design a research project and gain hands-on training to customize MindLogger to
	collect data and share their insights, analyze the results post data collection and Anirudh Krishnakumar, 1,2 Kishore Sivakumar, 1,2 Imad Irzi, 1,2 Minu Bharathi D, 4 Lena Müller-expand their study. Naendrup, 1,2 Shivani Arasu, 3 Felix Schoeller, 1,2 Ariel B. Lindner 1,2
	3. 'Towards accessible and engaging tools/digital activities to facilitate the identification, assessment and improvement of learning differences/disabilities' with 1 Centre for Research and Interdisciplinarity (CRI), Université de Paris,
	MHDB and MindLogger as a learning logger as well as MindLogger Apps and 2 INSERM U1284, Systems Engineering & Evolution Dynamics (SEED), Paris, 75004, France
	cognitive tasks (Games) to best serve and transform the lives of children and people 3 Madras Medical Mission College of Health Sciences, Chennai, India
	with learning differences and similar challenges. 4 Patrician College of Arts and Sciences, Chennai, India
	4. Towards a platform to inform, assess, support neurodiverse profiles with adaptive * Corresponding authors: ariel.lindner@inserm.fr, anirudh.krishnakumar@cri-paris.org
	assessments and game-like cognitive tasks
	Chapter 6 presents additional research studies/publications and I was fortunate to contribute
	to and gain from during the thesis, alongside with, complementing and adding value to the
	core thesis components. This entails
	1. Questionnaire response correlations to improve efficiency: preliminary evidence from
	the Healthy Brain Network 86
	2. Towards physiological markers for psychiatric conditions: A case study on
	psychogenic shivers 87
	3. Assessment of the impact of shared brain imaging data on the scientific literature 88
	4. Ten Simple Rules for Human Health Research 89
	5. Thermal sensors improve wrist-worn position tracking 90
	6. Effects of Non-Computerized Processing Speed Training

table as a birds-eye view of its cohesiveness. Four citizen science models and use-cases designed using a combination of all the thesis components are also presented. This entails:

1. 'Students, as changemakers, with dynamic digital drivers (MHDB + MindLogger) for mental health open collaborative science' involving a student mental health research project challenge with MindLogger as a project toolkit.

Author's note: Bridging student-driven peer-learning programs and mental health collaborative science

  

	The introduction highlights the importance of placing people with mental health conditions,
	their families, teachers and caregivers at the core of mental health research and endeavours. It
	is equally critical to include society on the whole in this process, including stakeholders and
	citizens not directly concerned by 'mental health disorders' for collective progress. This is
	also in line with the spirit of the thesis to move from mental health disorders associated with
	stigma and extremes/abnormalities in behaviours to embracing neurodiversity for all.
	I originate from Tamil Nadu State in India with over 35 universities, 500 engineering colleges
	and 1150 arts and science colleges. I cogitated -surely, something can be done to harness
	student potential and efforts for scientific and social good, where students learn by working
	with scientists and communities. I envisioned students as tangible changemakers, contributing
	to and catalyzing progress in research and education in the field of mental health (or any other
	field). Thus was born

the vision of a student-driven, interdisciplinary, collaborative framework for mental health open science, described

  in this chapter.

	Abstract
	We present a proof-of-concept study for a peer-to-peer learning/teaching model to accelerate
	reverse brain drain, whereby students from different cultures, backgrounds and disciplines
	learn from one another, and apply innovative approaches to research and education through
	interdisciplinary group-work and action-oriented projects in mental health. Global inequalities
	and disparity in the quality of higher education drive students towards undertaking studies
	abroad. Such student migration is often motivated by prospects of future contributions to local
	problems in their countries of origin in a wishful undefined future. Here, we pilot a student-
	led peer-to-peer learning framework to reduce drastically this temporal gap between
	motivation, action and societal impact, towards reversing 'brain drain' for 'brain gain'. In a
	grassroots fashion, international master-level students from Paris, France conducted an after-
	hours program with students and teachers in two universities in Chennai, India, through in situ
	classes and video conferencing. Students designed a curriculum with 7 modules targeting 21st
	century skills (critical thinking, creativity, scientific collaboration and communication) and
	research meta-skills (such as defining hypotheses, usage of scientific web tools, analysis of
	publications to contribution to research projects). The program focused on mental health
	(specifically autism spectrum disorders), a subject that was not part of the Indian students'
	curriculum. Our results suggest that students participating in the program developed their 21st
	century and research skills, successfully learned new research and digital tools (such as
	PubMed and Google applications respectively) and acquired new skills and methodologies
	outside of their own discipline. Furthermore, this study demonstrates that program
	participants contributed to each other's learning, research and projects on mental health
	feeding a virtuous cycle including coursework, assignments, project contributions and peer-
	feedback. It empowered both learners, to tackle unknown subjects with scientific tools, as
	well as mentors, by gaining motivation to pursue and master their studies. This exploratory
	study and its preliminary findings suggest that our peer-learning framework can scale cost-
	effectively across geographic, cultural and disciplinary borders, syncing science and societal
	needs, thereby transforming alarming global brain drain into promising local brain gain. The
	potential of student-led peer-learning programs where they apply what they learn through
	research projects to tackle societal needs, as part of their curriculum, is discussed.

Table 2 -1: Factors driving the curriculum design, where some contrasted the local curriculum in the colleges in Chennai, like the use of digital tools in the classroom which were not prevalent 18 Factor Function

 2 

	Evaluation	Peer-to-Peer evaluation by classmates and students from other colleges with
		staff suggestions.
	Use of digital tools	Students collaborate on projects and communicate with each other with
		digital, social media and office tools
	Classroom dynamics	Students of different disciplines work together
	Class content	Students can select their own assignment topics
	Approach	Learning-by-doing based approach, group-centric

Module 4: 'Zooming In -Zooming Out' of Research Concepts (ZiZo)

  

	The objective of this module was for students to take part in two academic activities -writing
	a scientific book review and an extended research exploration of concepts covered in the
	book. 'The Reason I Jump' written by Naoki Higashida, 22 was selected for this exercise as it
	provides a first-person account of autism in the form of 58 questions and answers. Students
	also watched movies like 'Grandin' or 'Rain Man' that highlighted strengths and behaviours
	of people with autism. Each student team covered a particular set of question/answers and had
	to share what they learnt (peer teaching and reciprocal learning) with other teams, covering
	the entire book in this way. Students had to 'zoom into' book content (define key points) and
	'zoom out' (have a broader view), complemented by their own critical review. In addition,
	students were asked to propose interventions and solutions involving research projects,

.3 Results 2.3.1 Coursework

  

	2Students attended 7 modules over the course of the program, completed several individual and
	group-based assignments and initiated projects. All coursework was documented and
	discussed amongst students from Chennai and Paris.
	All participants (27 participants, including 2 professors
	and 23 students from India as well as 2 student interns from Paris) answered the feedback
	form at least once either after single sessions during the program or the completion of the
	entire course. Regarding feedback forms after individual sessions, 15 Students from
	MMMCHS, Chennai answered them after sessions at least once. Feedback was collected for 5
	sessions with 18, 20, 6, 5 and 5 students answering them respectively. Regarding the post-
	program final feedback form, 2 professors from Chennai, 2 Parisian students and 8 students
	from Chennai completed them.
	In digital forms, the participants gave feedback on four main categories (A) keywords
	defining their personal learning experiences, (B) learning/acquisition of new tools, (C)
	learning of new methods/skills and (D) moments of innovation and creativity. To structure
	and organize responses, each feedback category was subdivided retrospectively into four
	distinct subcategories, which would capture all the mentioned concepts. (A) was divided into
	'Innovative', 'Interdisciplinary', 'Enriching' and 'Collaborative'. (B) was divided into
	'Communication tools', 'Research tools', 'Media tools' and 'Learning Tools'. (C) was
	divided into 'Academic skills', 'Organization', 'Interdisciplinary group work' and 'Thinking
	out of the box'. (D) was divided into 'Student engagement', 'Interdisciplinary community',
	'Use of new tools' and 'Problem solving'. With the help of 3 external students that had not
	been involved in the program before, responses were independently assigned to the four
	different subcategories per feedback category.
	Costs
	Program costs included monthly internship stipends (as stipulated by French Law) for the two
	Parisian master students and flight fares to travel to India. In total: 4000€

Table 2 - 3 :

 23 Summary of coursework, assignments and learning outcomes total of 589 different concepts were derived from the feedback/responses of 27 participants for the four main feedback categories. As described in the methods, participant responses were independently assigned to four different subcategories per feedback category.

	Modules	Assignments submitted	Learning outcomes / Soft skills?
	Interdisciplinary	Idea generation and evaluation	Interdisciplinary Group Work
	Bootcamp	exercises	Team building
		Pictorial self-representation	Use of social media
	Design Thinking	Empathy maps	Understanding the importance of the
	Processes and		stakeholder's values
	Workshop		Growing empathy and fostering
			interdisciplinarity
	Introduction to	Wikipedia-based activity on	Evaluating reliability of online content
	Research and Academia -Creating and Bringing New Knowledge to the Community	autism Scientific presentations on research topics of choice (e.g. autism & tactile behavior; autism & daily life)	Hypotheses building Reading & interpreting research papers Exploration and synthesis of research topics Using Google Docs and other collaborative tools Research tools like PubMed
	'Zooming In -	Scientific book review	Elaborating on research concepts
	Zooming Out' of Research Concepts (ZiZo)	Stakeholder journey maps Non-traditional Presentations to different audiences (e.g., comic strips)	Learning 'directly from the horse's mouth' Proposing practical solutions and interventions Scientific communication Peer teaching and peer review
	Game Design for	Games created in the game jam Gamification and game design
	Research and Education/Game Jam		Conducting game jams Inclusive design
	Towards Citizen	Adding/classifying research	Bibliography synthesis/Literature Review
	Science and	studies, technologies, projects	
	Scientific	& community initiatives	
	Citizenship	relevant to the local context	
		Contribution to the OCEAN	
		project	
	Creating	Creating a questionnaire on	Creating assessments for data collection
	interdisciplinary Research Projects	resources used for and behaviours of children with	Designing a research project
		mental health difficulties in	
		local schools.	

A

Number of Concepts % of concept s Number of Respondents % of Respondents A. Describe your personal learning experience

  

	Innovative	56	28%	22	83%
	Inter-	22	11%	6	30%
	disciplinary				
	Enriching	47	24%	22	83%
	Collaborative	72	37%	21	78%
		B. New tools learnt		
	Communicatio	89	53%	24	89%
	n Tools				
	Research tools	12	7%	9	33%
	Media tools	11	7%	8	30%
	Learning	56	3%	21	78%
	Tools				
	Organization	30	23%	13	48%
	Interdisciplina	41	31%	19	70%
	ry group work				
	Thinking out	21	15%	16	59%
	of the box				
	Academic	41	31%	20	74%
	skills				
	D				

C. New skills/methods learnt

. Moments of innovation and creativity Student engagement

  

		45	48%	21	78%
	Interdisciplina	8	9%	7	26%
	ry community				
	Use of new	21	23%	13	48%
	tools				
	Problem	19	20%	12	44%
	solving				

3. Learning through Exploration/from Others:

  Through literature reviews, critically analyze ideas, insights, observations (e.g., would the methodology used in a study work in different settings? can the results be reproduced etc.) and what is working and not working in existing projects related to a particular scientific topic/SDG.

	4. Learning by Doing/Peer-to-Peer Learning through Research Paradigms: A flexible
	curriculum targeting research meta-skills and 21st century skills applied to science will be co-
	constructed by students themselves, featuring theoretical and practical components themed on
	the SDGs. 33 This step involves reciprocal teaching in an interdisciplinary context (i.e., a
	biologist teaches biology to a physicist and the physicist teaches physics to the biologist and
	so forth) where students prepare to apply what they have learnt and connect with local
	communities to create interdisciplinary research projects. The first list of modules and their

learning objectives used in the student peer-learning program described in chapter 2 can be found in table 2-3, with the modules including 'Design thinking processes', 'Introduction to research methodologies and scientific publications, 'Zooming-in and Zooming-out of research concepts and projects' etc. The intent is anyone (focusing on but not restricted to students studying abroad) to construct and teach modules based on their interests and expertise to students back home.

5. Learning through Group-Work/Experimenting: This step involves creating

interdisciplinary research projects with communities, defining and co-constructing projects and engage communities to actively participate in all stages of a research project. Digital tools and project toolkits across different topics and settings (such as MHDB,

35 

described in chapter 3 and MindLogger,

36 

described in chapter 4) will be available and customizable, making it easy for anyone to create projects, build project apps and collect/visualize/analyze data.

6.

Learning through 21st Century Skills and Crowdsourcing

  

	7. Learning by Replicating/Reproducing Studies: Replicate the study and methodologies in
	new settings and in different topics. Structure, mentor and engage communities of voluntary
	participants to replicate and scale project methodologies in different cities with local
	communities.

(e.g., communication, collaboration and/or creativity): Disseminate/scientifically communicate project methodologies and key findings to receive ideas, feedback and contributions from experts, different stakeholders and the public.

Table 3 - 1 :

 31 A big advantage of a linked RDF database is the ability to merge with similar open ontologies. Here are examples of ontologies that can be linked with MHDB in the future

	Ontology	Link	Descriptions from ontology websites	MHDB
				Component
	DBpedia	http://dbpedia.or g/	project aiming to extract structured content DBpedia (from "DB" for "database") is a	General
			from the information created as part of the	
			Wikipedia project. This structured information	
			is then made available on the Worldwide	
			Web.	
	Phenotype and Trait Ontology	ato.html http://obofoundr y.org/ontology/p	An ontology of phenotypic qualities (properties, attributes or characteristics)	General
	Systematized Nomenclature	http://www.sno med.org/	clinical healthcare terminology in the world. It is the most comprehensive, multilingual	General
	of Medicine			
	Clinical Terms			
	(SNOMEDCT)			
	The Machine-to-Machine Measurement (M3) Lite	https://lov.linke ddata.es/dataset/ e lov/vocabs/m3lit	M3-lite contains taxonomy for various measurement, different types of sensors and and environmental phenomena), units of QuantityKinds (commonly known as physical	Sensors and Measures
	Ontology		different types of domains of interest.	
	Dem@Care Lab Ontology for Assessment Dementia	http://www.dem care.eu/results/o ntologies	dementia in a controlled environment. towards diagnostic support and assessment of The ontology has been developed in the framework of the Dem@Care project for representing the experimentation protocol	Questionnaire s
	Symptom (EMBL-EBI) Ontology	gies/symp https://www.ebi. ac.uk/ols/ontolo	human diseases. The Symptom Ontology has been developed as a standardized ontology for symptoms of	Symptoms
	Translational Ontology Medicine	ontologies/TMO https://bioportal. bioontology.org/	pharmaceutical industry. This project focuses on the development of a high-level patient-centric ontology for the	Disorders
	Mental Functioning Ontology	https://bioportal. bioontology.org/ ontologies/MF	The Mental Functioning Ontology is an ontology for mental functioning, including mental processes such as cognition and traits such as intelligence.	Mental States/Domai ns

Curating MHDB Components and Content MHDB

  (https://github.com/ChildMindInstitute/mhdb/wiki) contains symptoms and signs from diagnostic psychiatry manuals, questions from over 150 mental health questionnaires, technologies (such as apps, wearables, games, cognitive tasks), research studies, scientific

Table 3 - 2 :

 32 Examples of disorders linked to other criteria in MHDB

		Disorder Category (Depressive Disorder)
	Disorder (Major Depressive	ICD-9 code (296.21)
	Disorder)	ICD-10 code (F32.0)
		Diagnostic Specifier (Single Episode)
		Severity (Mild)
	Disorder (Specific Learning	Disorder Category (Neurodevelopmental Disorder)
	Disorder)	Disorder Subcategory (Specific Learning Disorder)
		ICD-9 code (315.00)
		ICD-10 code (F81.0)
		Diagnostic Inclusion Criteria (Impairment in reading)

Table 3 -3: Examples

 3 

	Criterion type	DSM Criterion	Symptom(s)
			derived
	2a. One symptom	The social situations almost always provoke anxiety	Anxiety in social
	derived from one	(Social Anxiety Disorder)	situations
	criterion		
	2b. Many symptoms	Severe recurrent temper outbursts manifested verbally	Verbal outbursts,
	derived from one	and/or behaviorally that are grossly out of proportion	Behavioural
	criterion	in intensity or duration to the situation or provocation	outbursts
		(Disruptive Mood Dysregulation Disorder)	
	3. Essence: Retain only the core symptom/sign & remove other symptom/sign characteristics.

of single and multiple symptoms derived from a criterion If a criterion described a symptom/sign along with different characteristics (e.g., frequency, duration, intensity, situation, number of symptoms that need to be present to confirm a diagnosis etc.), only the core sign/symptom was derived without the characteristics. The characteristics are in place in the DSM-5 to aid clinicians for diagnostic purposes, which is not what MHDB is intended for, and hence not included.

Table 3 - 4 :

 34 Extracting only the core symptom from DSM-5 criteria Symptoms inherit the hierarchy of the criterion they were derived from, i.e.,

	DSM Criterion	Sign(s)/Symptom(s)	Symptom
		derived	characteristics
			removed
	The social situations almost always provoke anxiety	Anxiety in social	'Almost always'
	(Social anxiety disorder)	situations	(frequency)
	Severe recurrent temper outbursts manifested verbally	Verbal outbursts,	Intensity,
	and/or behaviorally that are grossly out of proportion	Behavioural outbursts	Duration,
	in intensity or duration to the situation or provocation		Situation
	(Disruptive mood dysregulation disorder)		
	4. Hierarchy: Criterion A		
			

Table 3 -

 3 

5: Examples of symptoms derived in MHDB and their hierarchy

DSM Criterion Symptoms derived and their hierarchy

  

	A. Persistent deficits in social communication and	Deficits in social communication and social
	social interaction across multiple contexts, as	interaction
	manifested by the following, currently or by	 Deficits in social-emotional
	history (examples are illustrative, not exhaustive;	reciprocity
	see text):	o abnormal social approach
		o failure of normal back-and-
	Deficits in social-emotional reciprocity, ranging,	forth conversation
	for example, from abnormal social approach and	o reduced sharing of interests
	failure of normal back-and-forth conversation; to	o reduced sharing of emotions
	reduced sharing of interests, emotions, or affect; to	o reduced sharing of affect
	failure to initiate or respond to social interactions	o failure to initiate or respond
	(Autism Spectrum Disorder)	to social interactions

Table 3 - 6 :

 36 Symptoms of Generalized Anxiety Disorder in MHDB extracted from the DSM-523 

	Disorder	Symptom
	Generalized Anxiety	 Restlessness or feeling keyed-up or on edge
	Disorder	 Being easily fatigued
		 Difficulty concentrating or mind going blank
		 Irritability
		 Muscle tension
		 Difficulty controlling worry
		 Sleep disturbance (difficulty falling or staying asleep or
		restless, unsatisfying sleep)

Table 3 - 7 :

 37 Examples of measures and their corresponding categories in MHDB

	Measure Category	Measure
	Physical property	Light
	Physiological property	Sweat
	Electricity	Synchronous electrical activity
	Speech	Pitch, jitter, shimmer
	Cardiac activity	Heart Rate Variability (HRV)
	Sweat	Volume of sweat
	39 sensors were added to the database. All the sensors were associated to what they were
	trying to measure (i.e., the electrodermal activity (EDA) sensor is linked to the measure
	'galvanic skin response' or 'skin conductance'). Likewise, as seen in the measures, the

sensors were also sourced from other ontologies, leading to a list of 230 sensors. The sensors and measures were also linked to other ontologies where they were listed and classified (only if their definition of the sensor/measure precisely matched that of MHDB).

Table 3 - 9

 39 

: Example of a project classified in MHDB Name: Tingle Type of project: wearable Disorder: trichotillomania etc. Links to home page: https://matter.childmind.org Sensors used: accelerometers etc.

Table 3 - 10 :

 310 Examples of articles and practical guides sourced from the Child Mind Institute's

	website	
	Intensive Treatment for OCD and	https://childmind.org/article/intensive-treatment-for-ocd-and-
	Anxiety	anxiety/
	Behavioral Treatment for Kids with	https://childmind.org/article/behavioral-treatment-kids-
	Anxiety	anxiety/
	Quick Facts on Illness: Anxiety	https://childmind.org/article/quick-facts-illness-anxiety-
	Disorder	disorder/
	How to Help Kids Worried About "Bad	https://childmind.org/article/how-to-help-kids-worried-about-
	Thoughts"	bad-thoughts/
	Why Behavioral Therapy is the Best	https://childmind.org/article/behavioral-therapy-treat-ocd-in-
	Way to Treat OCD in Kids	kids/
		https://childmind.org/article/treating-kids-with-ocd-and-
	Treating Kids with OCD and Tourette's	tourettes/
	Quick Facts on Obsessive Compulsive	
	Disorder	

https://childmind.org/article/quick-facts-on-obsessivecompulsive-disorder-ocd/

Table 3 - 11 :

 311 Examples of behaviours derived from symptoms in MHDB

	DSM symptom	Extracted behaviour
	Often fails to give close attention to details	pay attention to detail
	Often makes careless mistakes in schoolwork, at work or	
	during other activities	be accurate in work or activities
	Often has difficulty sustaining attention in tasks or play	sustain attention in tasks or play
	activities	activities
	Often does not seem to listen when spoken to directly	listen when spoken to
	Lack of initiation of social interactions	Initiate social intercations

Table 3 - 12 :

 312 Examples of how response options were classified

	Response Options / Questions	Stevens' level of measurement	Position of `0`	Continuous or discrete	Range
	'Never', 'Sometimes', 'Always'	Ordinal	Minimum Discrete	3
	'What is your age', "How many times have you been to the hospital?"	Ratio	Minimum	Discrete (unless continuous) decimal or fractional entries allowed, then	∞
	Describe your feelings	Non-numeric	N/A	N/A	N/A
	'Yes', 'No' or 'True','False'	Nominal	Minimum Discrete	2
	'True', 'Sometimes True', 'False'	Ordinal	Maximum Discrete	3
	0 = 'Not true at all (Never,				
	Seldom)', 1 = 'Just a little true				
	(Occasionally)', 2 = 'Pretty much true (Often, Quite a bit)', 3 = 'Very	Ordinal	Minimum Discrete	4
	much true (Very often, Very				
	frequently)'				
	0 = 'None', 1 = 'Mild', 2 =				
	'Moderate', 3 = 'Severe', 4 =	Ordinal	Minimum Discrete	5
	'Extreme'				

  Only 1 out of 44 questionnaires (2%) from HBN and 6 of the 54 questionnaires (11%) from NKI-RS involved different domains i.e., question A probes for frequency while question B probes for duration etc. (HBN: Modified Fagerstrom Tolerance Questionnaire -Adolescents and NKI-RS: The 21-Item Peters et al, Delusions Inventory (PDI-21), Modified Fagerstrom Tolerance Questionnaire -Adolescents, Pittsburgh Sleep Quality Index, Three-Factor Eating Questionnaire and Youth Risk Behavior Surveillance System for Middle and High Schools). Only PDI-21 from NKI-RS had different domains

	These observations were critical in conceiving a future MHDB project that aims to overcome
	such constraints in traditional questionnaires, called My Mind Matters Quiz (M3Q) -an
	online adaptive assessment to build mental health profiles and monitor symptoms/behaviours
	in an engaging way. M3Q is elaborated in subsection 3.7.3.
	It was specially intriguing as to why most questions in questionnaires only focus on one

ix) Sample sizes used to validate questionnaires are restricted in size & geographic location. (x) Many questionnaires are designed as a means to infer a diagnosis and are not intended to measure day-to-day functional impairments and disabilities caused by the disorder. domain (i.e., frequency or recurrence of behaviours) and not other domains (like ability duration, intensity and context). A brief search was conducted to probe the extent to which a subset of mental health questionnaires added in MHDB (from HBN 32 and NKI-RS 33 studies) uses multiple domains.

Table 3
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-13)

. Sample sizes per age group were for ages 6 to 8 (n=312); 9 and 10 (n=255); 11 and 12 (n=293); 13 and 14 (n=272) and 15 to 17 years old (n=372). No siblings were included in the final sample. All participants whose responses were recorded signed consent forms. No data containing personal health information or personally identifiable information were collected.
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 313 Description of sample variables

		All	Female	Male	Gender differences (p-
					value)
		(N=1504)	n=730	n=774	
	Age (years)	11.7 (3.17)	11.7 (3.17)	11.7 (3.17)	0.882
	Schooling (years)	7.05 (3.16)	7.15 (3.17)	6.96 (3.16)	0.264
	Hospitalization (lifetime)	676	309 (42.3%) 367 (47.4%) 0.054
	Self-harm (lifetime)	148	84 (11.5%)	64 (8.27%)	0.043
	School Fail	55	22 (3.01%)	33 (4.26%)	0.249
	Disability (WHODAS factor	0.05 (0.85)	0.00 (0.84)	0.11 (0.85)	0.009
	score)				
	Instrument factor scores				
	General factor 0.00 (0.94)	0.17 (0.91)	-0.16 (0.94)	<0.001
	Attention 0.00 (0.84)	0.07 (0.84)	-0.06 (0.83)	0.002
	Activity 0.00 (0.76)	0.05 (0.76)	-0.05 (0.75)	0.008
	Ability -0.01 (0.81)	0.05 (0.82)	-0.06 (0.80)	0.010
	Frequency 0.00 (0.73)	-0.01 (0.72)	0.00 (0.74)	0.730
	Duration 0.00 (0.63)	0.00 (0.62)	0.00 (0.64)	0.934
	Intensity 0.00 (0.75)	0.01 (0.74)	-0.01 (0.77)	0.633
	Context -0.01 (0.87)	0.00 (0.82)	-0.01 (0.91)	0.818

Note: Gender differences in binary variables were tested with a 𝜒2 test. Gender differences in continuous variables were tested with a t-test.
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	14: Results from the 'best domain within a question analysis' using all domains of
	each question (18 regressions, 5 predictors plus age and gender), using WHODAS 40
	(standardized factor scores) as outcome.			
		Frequency	Ability	Duration	Intensity	Context	Nagelkerke's R2
	Question 1	-0.15 ***	-0.19 ***	-0.14 ***	0.05	-0.15 ***	0.313
	Question 2	-0.12 **	-0.25 ***	-0.04	-0.03	-0.20 ***	0.337
	Question 3	-0.11 **	-0.13 ***	-0.10 **	-0.08 *	-0.25 ***	0.384
	Question 4	-0.18 ***	-0.20 ***	-0.01	-0.11 **	-0.20 ***	0.515
	Question 5	-0.06	-0.24 ***	-0.09 *	0.09 *	-0.18 ***	0.317
	Question 6	-0.08	-0.21 ***	-0.13 ***	0.02	-0.18 ***	0.361
	Question 7	-0.17 ***	-0.14 ***	0.02	-0.07	-0.13 ***	0.301
	Question 8	0.03	-0.28 ***	-0.01	-0.01	-0.11 ***	0.170
	Question 9	-0.13 **	-0.17 ***	0.01	0.03	-0.20 ***	0.254
	Question	-0.08	-0.08	-0.01	-0.05	-0.15 ***	0.224
	Question	-0.03	-0.15 ***	-0.03	-0.10 *	-0.16 ***	0.292
	Question	-0.07	-0.18 ***	0.02	-0.07	-0.12 ***	0.256
	Question	-0.03	-0.12 ***	0.07	-0.02	-0.19 ***	0.123
	Question	-0.05	-0.19 ***	0.05	-0.06	-0.17 ***	0.193
	Question	0.03	-0.16 ***	0.00	-0.01	-0.16 ***	0.140
	Question	-0.07	-0.23 ***	-0.03	0.03	-0.13 ***	0.236
	Question	-0.10	-0.18 ***	-0.01	-0.00	-0.15 ***	0.249
	Question	-0.10 *	-0.21 ***	-0.07	0.03	-0.10 ***	0.257
	Note: Values in the table are the change of WHODAS standardized factors scores by a one-point change of the
	domain (5-point Likert scale) on the multivariable regression models including all domains per question, adjusted
	for age and gender. p-values are adjusted for false-discovery rate. * p<0.05 ** p<0.01 *** p<0.001
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		Signs, Symptoms & Behaviors	Sensors & Technology	Questionnaires	Cognitive Tasks	Research Publications
	Signs, Symptoms & Behaviuors	How many symptoms are related to each other?	What sensor can be used to measure/infer a particular sign or symptom?	What questions can be used to infer this symptom?	Are there cognitive tasks that can measure this behaviour?	How many publications have been published on a particular behavioural domain?
		Which		What questions	How many	How many
	Sensors &	technologies	What does this	can be answered	cognitive	technologies are
	Technology	are disorder-	sensor measure?	by cognitive	tasks are	validated by
		specific?		tasks?	digitized?	research studies?

15: Examples of queries that can be answered by the database in the future

Full list of planned queries: https://github.com/ChildMindInstitute/mhdb/wiki/Planned-queries
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	.2
	keywords. mental health, chills, psychiatric assessments, psychogenic shivers, DSM-5,
	temperature, open health, nosology, physiological markers
	3.6.

Mental states comprising of behavioural and cognitive domains (e.g., attention, sleep, stress, activity etc.) were added to MHDB, with project claims (e.g., project A aims to improve attention), questionnaires and symptoms/behaviors being important initial sources.

Table 3 -16: Examples
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	Domain categories	Domains
	executive/cognitive	disinhibition, thought problems, activation control, anger control, planning,
	control	response bias, resistance to change, selective control etc.
	attention	mindfulness, concentration, spatial attention, divided attention, sustained
		attention, hypervigilance, object-based attention etc.

of domains and domain categories in MHDB sourced from the Cognitive Atlas, projects and questionnaires memory working memory, recognition memory, visual memory, remote memory, false memory, aversive learning, prospective memory, auditory memory etc.

Towards

mapping symptoms with technologies that measure them

  This section is a continuation of some of the concepts introduced in section 3.2 which were a source of motivation to construct MHDB and presents preliminary efforts towards the goal of mapping symptoms with technologies that measure them. 67 examples linking symptoms/behaviours to technologies were added to MHDB. These examples were sourced from research publications or projects that try to use technologies or related aspects to measure/address a symptom or behaviour. The examples were broken down into their constituent components and mapped to other components of the database such as sensors, measures and states/domains. Entities were left blank when information was not explicitly stated nor could be subjectively inferred with a fair deal of certainty (e.g., in the second claim in the following table, the sensor used is not explicitly mentioned). In turn, signs and symptoms will thus be mapped to technologies that measure them.An added motivation behind breaking down examples was to address the growing number of claims made by projects (some of which are not scientifically sound or backed by research)

Table 3 -
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	Claim	Domain Sensor	Measure	Research study/Project
	During mania, increased rate,	mania	microphone speech/voice	PRIORI -Longitudinal
	volume and rhythm in speech				Voice Patterns in Bipolar
	can be measured				Disorder 58
	Stress is monitored by	stress	respiration	breath via torso	https://spirehealth.com/ 59
	analyzing breathing patterns		sensors	expansion &	
				contraction	
	Predicting latent narrative				Predicting Latent Narrative
	mood using audio and				Mood using Audio &
	physiologic data	mood	audio	microphone	Physiologic Data 60
	For eating detection:	eating	capacitance capacitive	Wearable Food Intake
	measuring capacitive sensing			sensors	Monitoring Technologies:
	by looking at capacitance				A comprehensive review 61
	changes in the human body				

17: Examples of project claims linking signs and symptoms to technologies, where claims are broken down and mapped to other database components

  is publicly available and open to public editing,

	allowing multidisciplinary experts the leeway to suggest changes that best serve those
	afflicted by or concerned with mental health. Users can customize or extend MindLogger's
	features, functionalities and design to tailor it to different needs enhancing the scope for
	innovation. Software built on open source has gained credibility for being an inexpensive,

reliable catalyst for healthy software development and growth, and increasing reputation.

2,3 

  New activities such as questionnaires/assessments, digital diaries, quizzes and cognitive tasks can be created without requiring prior programming and design knowledge. These activities will appear in a customized mobile app for use by study participants, patients, students and/or yourself. Users can respond to questions not only by text, but also by survey lists and tables, audio, video, drawing and pictures. MindLogger is developed by a dedicated development team led by Dr Arno Klein at the MATTER Lab, CMI, New York with support from CRI, Paris and other partners.

protocol replication and generalizability/transferability of results under different settings/places

  to do their own research. More impactful 'optimized replication' studies can be designed by gaining from interoperable ideas, concepts and 'what is working and not working' from related projects (in combination with MHDB where projects are broken down into its constituent 'bricks' or components for people to get inspired by and/or adopt/customize relevant bricks).Results from already published studies in the past could be verified, replicated, compared and optimized with larger and more diverse sample sizes through MindLogger. Protocols could be replicated to verify generalizability of results across different conditions, criteria (e.g., age, gender, socioeconomic status, sample size etc.,) and locations, locally and globally (e.g., assessments can be cross-culturally validated as shown with the PSYCa 6-36, which screened for psychological difficulties across populations in Kenya, Uganda and Cambodia).10 

	MindLogger-driven
	successful approaches, initiatives and research studies in mental health could be first and
	foremost identified (through MHDB), and then backed/verified and scaled with larger

populations through MindLogger. It is designed to be a tool to not only facilitate and explore new research questions and hypotheses, but revisit old ones, and empower non-scientists with the possibility
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 41 MindLogger as a tool to aid replication and optimization (getting a richer dataset)in previous and existing studies, and studies to come. Existing studies can be explored for resonance with the above points and improved/optimized, if relevant and applicable.
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 42 Topic-wise examples of research that could be enhanced with digital tools like

	and limited capabilities in	Automated scoring and software analysis to provide accurate
	scoring and interpretation of the	and increased insights and compare data over time
	data	
	'During-visit' and retrospective	Longitudinal and 'real-time' monitoring of data across time and
	collection of data from clinics	different developmental milestones/behaviours
	Text as the sole user response	Multiple user response options (text, tables, slider bars, images,
	(users select options or describe	audio, video, drawings/sketches, GPS) for improved data
	answers by text).	collection and analysis such as exploring voice data as a
		biomarker for depression

  Image credit: A.Klein Existing studies can be cross-referenced to see if such data and approaches could have enhanced them and led to new insights. Researchers designing new studies could consider using digital tools for their studies to benefit from advantages not seen in pencil-and-paper and traditional approaches. Different assessments/interventions in different disorders can be explored to see if administering them on MindLogger would enable easy and efficient data collection from a home & school setting (natural environment vs a possibly stressful clinical setting) and from multiple informants as mentioned above.As an illustrative example addressing learning disorders, MindLogger could help improve the screening of learning related strengths and difficulties in schools. People with learning difficulties or different learning styles often find it difficult in school without awareness and adequate support systems. Late detection for learning related challenges like dyslexia is a major problem for all concerned, from the student and teachers, to families and society. Such students could do much better with early interventions through evidence-based practices.

	Autism and other	People/children with	
	neurodevelopmental	autism and their parents	
	disorders	and caregivers answer	
		static and fixed	
		questionnaires.	
	Big data studies	Participants answer	Digital Ecological Momentary Assessments
		questionnaires in the	(EMA) administered on MindLogger can address
		clinic (across a single	the challenge of obtaining research data from
		time point without	participants wherever they may be. Study teams
		follow-ups).	can use Mindlogger to collect data at
			various/different time points and facilitate
			longitudinal and prospective collection of data
			(described in section 4.1).
	Dementia	The Clock Drawing	Digitizing the task on MindLogger has several
		test 15 is administered on	advantages, where the task can be replayed to
		paper and is manually	find exactly when patients were finding it
		scored and interpreted.	difficult, where software helps in the data
			analysis and scoring such as comparing drawings
			over time (described in subsection 4.3.2/drawing)
	Depressive and	Speech-related tasks	Voice data (which can be collected with
	Mood Disorders		MindLogger) is increasingly been studied as a
			biomarker for depressive and mood disorders
			(described in subsection 4.3.2/audio)

They can answer adaptive questionnaires digitally at home, school and other natural settings where they can also add their ideas, insights and what they find rewarding and challenging on a daily basis (described in subsection 4.3.2).
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 43 Current and planned MindLogger features and design considerations with respect Data storage in servers of one's choice  Data export in different formats (CSV, SAV)  Sharing useful data across stakeholders -data access can be granted to caregivers or doctors  Upload videos of daily behaviours that can be analyzed

	to MindLogger-like projects
		In MindLogger
		In progress
		Future considerations
	o Not in plans
		Features	UX & UI design considerations
			 Tutorials
			 Scrolling through questions rather
		Measuring symptoms across frequency, intensity	than one at a time
		and duration	 Easy to use dashboards
	 Setting up targets and rewards	 Ability to change font size
	 Quizzes	 Buttons accessible with one hand
	 Messaging/Chat-Box	 Transition animations/GIFs
	 Smart prompts	 The need for clean design, good
	 Summary statistics	contrast and intuitive navigation
	 Medication reminders	 Demos and downloadable beta
	 Ecological Momentary Assessments	versions
	 Use of algorithms for scoring & generating	 Slider bars
		reports	 Smileys, symbols, icons
	 Assistance to help build questionnaires	 Positive reinforcements
			 Colour preferences in psychiatric
			disorders
			 W3C Web Accessibility Initiative

 Monitoring multiple behaviours simultaneously  Options to create multiple profiles  o Conducting long distance clinical trials  Research studies with labs, universities, hospitals  Integration with sensors and wearables that
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 44 MindLogger features to create activities such as assessments, surveys & tasks.

	1. Information screens with text, pictures and audio
	2. Surveys with text or image selection in list or table format
	3. Slider bars with discrete increments
	4. Free text entry on almost any screen
	5. Camera photos and video recording
	6. Audio
	7. Drawing
	8. GPS
	9. API /data access
	10. Creating questions with conditional logic (If yes, go to..)
	11. Notifications /Reminders
	12.

Will work offline (but needs an Internet connection to register, log in, and update the database) 13. Web version of MindLogger 14. Cognitive tasks
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6: Example questions and response options in MindLogger for the module on citizen science and learning

Citizen Science Center's Sustainable Development Goals (SDG) Solution Toolkit Led

  by Dr Rosy Mondardini of ETH's Citizen Science Center and University of Geneva's Citizen Cyberlab, a collection of open source digital tools are being developed for citizen science and crowdsourcing projects for scientific, social and environmental challenges

	d. Integration with the following:
	(i) ETH
	Core Features: Similar to MindLogger, we will prioritize a core set of features/widgets that
	meet different projects'/stakeholders' needs for citizen science projects: (1) Information
	screens with text, pictures and audio, (2) Surveys with text or image selection in list or table
	format, (3) Slider bars with smooth or discrete increments, (4) Free text entry on almost any
	screen, (5) Audio and video recording, (6) Camera photos, (7) API/data access, (8) Creating
	questions with conditional logic (If yes, go to..), (9) Notifications/Reminders, (10) GPS and
	(11) Simple cognitive tasks.
	b. Curating Content on Citizen Science Logger's Interface:
	We will build an online interface to make it easy to create new activities on any topic, such as
	surveys, quizzes, digital diaries and/or tasks. "Easy" implies user-friendly, intuitive and
	engaging for the mobile device user and for those who manage users, edit content and view
	collected data. This would also entail curating (i) citizen science content and user guides in
	general and for those looking to start or join citizen science projects, and (ii) sophisticated
	data collection methods such as intuitive surveys and ecological momentary assessments with
	examples.
	c. Designing and Developing Citizen Science Logger's Library:
	A Public Library of open content to select or edit activities will be built (i) To make it easy for
	users to get started, (ii) To include access to openly available citizen science questionnaires
	and surveys that will be added to it and (iii) To offer customizable modules/templates with
	questions (built on topics of relevance to the Library Lab and ETH's Citizen Science Center)
	that can be used, edited and modified by users while building their own assessments. Users
	can also add the assessments they create onto the Public Library.

also request the reader to ponder whether MindLogger could be used for his/her projects.

  communities and student projects and challenges with the first instance at CRI, Paris' Masters Programs (where the development and design of MindLogger can serve as projects for undergraduate and graduate students where they 'learn by doing'. Users can customize or extend Citizen Science Logger's features and functionalities, and tailor them to project different needs, enhancing the scope for innovation. We strive to create an inclusive and open ecosystem for everybody in the world to use, to dramatically improve the consistency, convenience, accessibility and efficiency of widespread data efforts, and lead to lasting milestones in citizen science and scientific citizenship. A sub-use-case is under construction with partners in this regard -Open Collective Endeavours for an Autism Network (OCEAN)

	is described in subsection 5.4.2.
	4.6.2 Future Niche Construction with Mindlogger/use cases under
	discussion
	The following examples also serve as illustrative examples of the versatility, application and
	potential impact MindLogger could have in different fields, within and beyond the sphere of
	mental health. I envision undertaking such projects to demonstrate the validity of
	MindLogger through research studies with the community.
	I 1. MindLogger as a Citizen Science/SDG Logger that anyone can use for widely distributed
	citizen driven data efforts and projects across different geographic locations and
	topics/disciplines to meet the Sustainable Development Goals (SDGs) of the UN with Rosy
	Mondardini and Maximiliane Okonnek, ETH Zurich (described in subsection 4.6.1 above)
	2. MindLogger for use in symptom tracking for projects on topics such as cluster
	headaches and chronic pain tracking, peer produced patient-defined symptom ontologies and
	'patient/community-driven' health initiatives with Dr. Bastian Greshake Tzovaras & Dr. Mad
	Price Ball, Open Humans
	3. MindLogger

apps, assessments and game-like cognitive tasks to

  MindLogger integration with data analysis and visualization pipelines to analyze, process and gain insights from collected text-based, audio, video, drawing and image data with Artificial Intelligence (AI) approaches. A collaboration is sought with Dr Alice Othmani, associate professor at Université Paris-Est Créteil (also related to subsection 4.5.1).

	5. 6. MindLogger as a student logger to track student learning, mental health and well-being
	with Amodsen Chotia, Francois Taddei et al at the Université de Paris
	7. MindLogger to track stress of caregivers and nurses of the elderly with Dr. Joel
	Chevrier and Pr. Dr. Joel Belmin, Head the Geriatrics Department of Charles Foix Hospital,
	Ivry-sur-Seine, France
	8. MindLogger for tracking the mental health of patients with physical illnesses such as
	tuberculosis in hospitals in India with Dr. Anshu Bhardwaj, Director, AB Lab, CSIR, India
	9. MindLogger-administered digital diaries and ecological momentary assessments for
	monitoring different 'disorders' and conditions, and sharing good practices, ideas and
	solutions (e.g., MindLogger autism digital diary to monitor symptoms, daily behaviours
	and events, and what is rewarding and challenging on a daily basis). Working with teams for
	administering neuropsychological assessments for any study to collect data from clinical and
	natural (home, school, community) settings (self project).
	identify, monitor and
	improve learning differences and neurodiversity with Olivier Dauba, David Loapre and Pierre
	Escaich of Ubisoft (described in subsections 5.4.3 and 5.4.4)
	4. MindLogger adapted for use and enhanced with proximity-based notification using
	smartphone sensors for collecting data about collective dynamics during in-person challenge-
	based events in the Citizen Science for Monitoring Climate Impacts and Achieving Climate
	Resilience (Crowd4SDG) H2020-EU grant with the University of Geneva and partners (grant
	secured)

Science that is open for all (disciplines, non-scientists and students) to contribute to I

  3. My contribution: Organizing and scoring the data collected with A. Klein, B. Koo, H. Xu, J. Clucas, J. Son, M. Fleischmann and M. refer to 'openness' in this case as the transition from closed/siloed scientific enquiries to more open models where anyone can take part in every stage of a research project. A key challenge involves how can we incentivize and engage different stakeholders to work together in collective and collaborative spirit, with some perspectives shared below:The peer-learning program (chapter 1) saw students from different disciplines apply what they learn on projects with mental health communities. If academic, research and citizen science models are integrated as part of the curriculum and students get credits for such projects, this could incentivize student participation, and in turn, that of the mental health community (section 2.4). Digital tools and guidance from scientists could further improve the validity, quality and impact of student-led projects. Importantly, raising awareness on neurodiversity/mental health and the sensibilization, involvement and inclusion of society on the whole (i.e., students and stakeholders directly concerned with a mental health condition co-constructing solutions with the mental health community) provides an added dimension to the proposed framework on participation and the process itself, besides project quality/output.Towards exploring aspects and values impactful in open and community science and in line with the importance of placing people with mental health disorders and non-scientist stakeholders at the core of research and innovation, I was invited to co-organize an international Open Health Research Advanced Workshop held at the CRI, Université de Paris,

	aiming at identifying best practices, major challenges and most urgent research directions in
	open health research. Selected participants came from diverse and complementary
	backgrounds and included researchers, medical professionals, NGO workers, entrepreneurs,
	policy makers, students, educators and patient advocates. Discussions of how to best conduct
	open health research culminated in the following 10 simple rules in Figure 5-1.
	The entire manuscript: Ten Simple Rules for Open Health Research (in print, PLoS Biology) 6
	can be found in section 6.4.
	My contributions: Project administration (management and coordination responsibility for the
	research activity planning and execution) with D. Misevic, A. Klein, J. Clucas and A.B.
	Lindner co-writing -original draft preparation, editing and review talong with all co-authors. 6
	It would be critical to move from 'one-off' disconnected efforts to an ecosystem where
	projects are interconnected/interoperable and everyone can (i) have access to our data, tools
	and projects, (ii) meaningfully interact with each other and (iii) build on each others'
	learning (i.e., students starting a new project can freely use methodologies, tools, models etc.
	from previous projects) saving significant time, energy, effort and resources. Inspirations are
	also drawn from Bodo Hoenen's model of Open Social Innovation envisioning generation of
	ideas and insights from existing projects at a rapid pace by opening them up to be
	recombined, customized and optimized. 5
	I hope and believe that the digital tools to which I contributed during this thesis could further
	empower and catalyze citizen participation in mental health research. Specifically,
	crowdsourcing is a critical future step for MHDB data validation and expansion (elaborated in Milham. 7 subsection 3.6.5). Projects and content in MHDB have been broken down into their bare
	components for users to view both existing relationships and those yet to be explored
	(subsection 3.5.6). MindLogger is designed to be used by both scientists and the public and
	requires no prior programming or design expertise to use -any stakeholder/citizen can take
	part in interested causes by collecting and sharing observations, insights and data and build on
	existing work (chapter 4).
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 51 An Overview of the Components and Goals explored in the thesis towards interdisciplinary collaborative frameworks in mental health citizen and community scienceHere, the WHAT(s), HOW(s) and WHY(s) create varied overlapping cause and effect links as follows: It is not a static linear mapping with each WHAT linked to only one HOW and WHY but a dynamic interlinking where all components (HOWs) are shaped by & contribute to all goals (WHATs & WHYs)

	What

Future perspectives: Citizen Science Models and Use-Cases conceived using a combination of all the thesis components
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 52 Extending the thesis applied to mental health and beyondModels and use-cases conceived and designed using a combination of the thesis components:

	Student Peer-Learning and Citizen Science Framework (chapter 2), MHDB (chapter 3) and
	MindLogger (chapter 4) are elaborated below.
	5.4.

1 Students, as changemakers, with dynamic digital drivers (MHDB + MindLogger) for mental health open collaborative science

  

	Can students contribute to other students' learning and society, even while learning
	themselves? Or do they have to wait to get a degree or job before even thinking of it? Can
	students share what they learn on their own projects, with mental health communities at large?
	During the course of my PhD, I saw heroics, courage and tenacity in its extreme, by way of
	the motivation of parents and caregivers and children with mental health disorders. Can we
	leverage this motivation for collective inspiration, impetus and action? Can we empower
	communities with digital ecosystems in such a way that anyone concerned can collect and
	share useful information? And can students catalyze this process? Towards this ambitious
	and yet promising goal, I propose:
	I. A

Global Mental Health Research Student Project Challenge for Open Collaborative

  Student efforts will also feed into a digital library of open content for anybody to access and enrich. We envisage empowering communities and students to make it easy to collect, visualize and analyze data, create and share solutions and add their ideas and insights about what is rewarding and challenging. MindLogger will also be integrated with MHDB and our partner ETH Zurich Citizen Science Centre's SDG Solution Toolkit (comprising data computing, project design and community mapping tools) to support student crowd-sourcing projects. Thus, this project, through the Global Mental Health Research Student Project Challenge with our dynamic digital toolkit exemplifies Open Interdisciplinary Collaborative Science to harness collective intelligence to meet the SDGs and similar goals/challenges by, with and for the community, leading to milestones in citizen science and scientific citizenship.

	Citizen Science: a. Launching a pilot student challenge at CRI, Université de Paris and its partner universities: interdisciplinary student teams will work on mental health projects at the interface of life, learning and digital sciences. b. Launching the Global Challenge with guidelines for project interoperability, for teams to interact with and build on each others' learning. The intent is to facilitate the transition from closed scientific enquiries to more open models where active participation of communities and different stakeholders would be welcomed at all stages of a project. II. MindLogger Project Toolkit MindLogger will be released to support the students' efforts towards which it will be re-purposed for mental health open science where teams can build and configure customized mobile apps (iOS and Android) for their science, citizen science or research projects. Students can build and administer digital assessments and new activities on their project topics, such as surveys, quizzes, diaries and/or cognitive tasks, and make use of many user response methods beyond text and survey lists and tables (such as slider bars, photos, audio, video, drawing etc.). 5.4.

2 Reinventing Libraries for the Citizen Science of Mental Health and beyond

  This use-case aims at building an inclusive open library ecosystem that unites scientists, stakeholders concerned with autism (people/children with autism, parents, caregivers, therapists/doctors, researchers and well-wishers), students and the citizens/public alike for open collaborative citizen science. Since citizen science is not bound by any particular discipline, area of expertise or other demographic considerations, libraries can be considered as potential venues to host citizen science projects for scientists and diverse communities alike.

	Pilot program: Open Collective Endeavours for an Autism Network (OCEAN)
	Objective: Research Plan, Expected Results and Outcomes
	I. Developing OCEAN Logger (steps adapted from subsection 4.6.1)
	Detailed below are the deliverables towards an autism digital diary (OCEAN Logger) where
	users can not only monitor behaviours and symptoms related to autism, but also add their
	ideas, insights and what they find rewarding and challenging on a daily basis:
	a. Configuring Core Features and Refining Functionality: The requisite widgets/building
	blocks openly available from MindLogger will be configured and re-purposed to build
	OCEAN Logger.
	b. Curating Content and Designing OCEAN Logger's Interface: An online interface to
	make it easy to create new activities on any topic, such as surveys, quizzes, digital diaries
	and/or tasks.

c.

Designing and Developing OCEAN Logger's Digital Library

  : A digital library of open content to select or edit assessments and activities will be built (i) to make it easy for users to get started, (ii) to include access to openly available autism questionnaires from MHDB and (iii) to offer customizable modules/templates with lists of behaviours, questions and tasks that can be used, edited and modified by users while building their own assessments. Users can also add the assessments they create onto OCEAN Logger's Library.

	d. Integration with ETH Citizen Science Center's SDG Solution Toolkit (project building
	and design, data computing and community mapping tools).
	e. Integration with the thesis' database (MHDB) which contains and inter-links symptoms
	and behaviours associated with autism (and other mental health and learning disorders) to
	relevant projects, concepts, research, questionnaires, community initiatives, technologies,
	people and the like. Specifically, open questionnaires related to autism from MHDB will be
	integrated with our OCEAN Logger's Library for people to use, modify and engage in their
	autism citizen science projects.
	II. Deployment of OCEAN Logger with Communities: Students and stakeholders
	concerned with autism will be invited to libraries (first implementation at ETH Zurich's

Table 1 .

 1 Disorders and signs mentioning PS-related terms in the DSM-5. This withdrawal syndrome is characterized by two or more symptoms (similar to alcohol withdrawal) that include autonomic hyperactivity (e.g., increases in heart rate, respiratory rate, blood pressure, or body temperature, "

	Terms	Disorder	Symptom/Sign
		Panic disorders	"Chills or heat sensations."
		Cannabis withdrawal	"At least one of the following physical symptoms causing significant
	Chills		discomfort: abdominal pain, shakiness/tremors, sweating, fever, chills, or
			headache."
		Stimulus intoxication	Perspiration or chills
		Autism Spectrum Disorders	"Hyper-or hyporeactivity to sensory input or unusual interest in sensory
			aspects of the environment (e.g., apparent indifference to
			pain/temperature,...."

3 Assessment of the impact of shared brain imaging data on the scientific literature 3

  fact, PS was suggested by the creator of this inventory(McCrae, 2007) to be a universal marker for one of the five personality traits (i.e., Openness to Experience). Given the current interest in the possible role of music for the cognitive system (Matasaka & Perlovsky, 2013 ;Cited and discussed in Section 5.1 sharing, connecting researcher networks, and facilitating the dissemination of research findings.Open scientific practices are also having a profound impact on the health sciences and medical research, and specifically how we conduct clinical research with human participants.Human health research necessitates careful considerations for practicing science in an ethical manner. Given the particular urgency of human health research -a discipline with direct implications for people's health and wellbeing -doing good science takes on a different meaning than simply doing science well. It also requires the scientist to reassess the conventional view of human health research as a pursuit conducted by scientists on human subjects, and lays a greater emphasis on inclusive and ethical practices to ensure that the research takes into account the interests of those who would be most impacted by the research. Openness in the context of human health research comes with risks, raising concerns about privacy and security. However, openness also presents opportunities for people, including participants of research studies, to contribute in every capacity. At the core of open health research, scientific discoveries are not only the product of collaboration across disciplines, but must also be owned by the community that is inclusive of researchers, health workers, and patients and their families. To guide successful open health research practices, it is essential to carefully consider and delineate its guiding principles.

	Introduction
	We are witnessing a dramatic transformation in the way we do science. In recent years,
	significant flaws with existing scientific methods have come to light, including lack of
	transparency, insufficient stakeholder involvement, disconnection from the public, and limited
	reproducibility of research findings [1-7]. These concerns have sparked the global Open
	Science movement which seeks to revolutionize the practice of science. This new approach to
	science extends principles of openness to the entire research cycle, from hypothesis
	Zatorre, 2003), it is regretting that music is not included in this specific question and we generation to data collection, analysis, interpretation, and dissemination. Open Science seeks
	strongly suggest improving this questionnaire to include broader forms of cultural artifacts. to remove all barriers to conducting high quality, rigorous, and impactful scientific research
	by ensuring that the data, methods, and opportunities for collaboration are open to all.
	At a broader level, the present study suggests a possibility to centralize all existing data in

psychiatry, using the questionnaires identified and involving the PS-related query, to perform a meta-analysis and identify patterns of behavior related to PS (i.e., clinical populations who experience PS at a very high rate or conversely). Following the principles of open science

6.

Emerging digital technologies and "big data" (see "Ten simple rules for responsible big data research"

[8]

) have further accelerated the Open Science movement by affording new approaches to data

  8: emphasize research significance).Acknowledge good-faith efforts that fail, and encourage publication of negative results. Push back against closed institutional traditions, challenge secretive practices [145] and explore nontraditional methods. Risks related to the other rules include going beyond accepted norms of ethical protections and partnership with non-scientists, systematically establishing greater clarity and accessibility of who does what and how for better appreciation, understanding, reproducibility, and advocacy.Seek feedback from external stakeholders (i.e., target populations, funding agencies, local government and university officials) for your experimental design and methods before participating in or conducting an experiment; act on the feedback collected if deemed wise and not merely opinions or conventional wisdom. Also seek outside training for students and employees that includes options for non-academic paths.Seek interdisciplinary collaborations and spend a percentage of time and research effort working on projects outside your comfort zone. For example, have researchers spend 10-20% of their time on other projects of interest that they are passionate about. These can include topics of research that have received push-back in the field, deemed "too large to tackle," or those unlikely to produce confirmatory results, but have the potential to incite new areas of research.We hope that the above list of simple rules is a helpful guide to follow best practices in open human health research. More importantly, we hope that you will use these as a starting point to address broken conventional practices of science and where these rules fall short, share your own rules to improve the state of open, ethical, inclusive human health research. These rules are not comprehensive, but we are confident they capture many of the most salient, timely, and important principles that can guide open health research going forward. Be the change you seek in science [142], and strive to make human health research a more humane, effective, and, importantly, open endeavor. 144. Thorne M. Openwashing. In: Michelle Thorne [Internet]. 14 Mar 2009 [cited 13 Aug 2019]. Available: https://michellethorne.cc/2009/03/openwashing/ 145. Savage CJ, Vickers AJ. Empirical Study of Data Sharing by Authors Publishing in PLoS Journals. PLOS ONE. 2009;4: e7078. doi:10.1371/journal.pone.0007078

	Conclusion

Table S2 - 1 :

 S21 Example questions from the autism questionnaire (also translated in the local language Tamil) created by the students

	Question	Response option
	Does your child exhibit repetitive behaviors when he/she	Always / Often / Sometimes / Rarely /
	is excited or upset and how frequent is that?	Never
	Is it difficult for your child to understand non-verbal	Always / Often / Sometimes / Rarely /
	communication?	Never
	Is your child involved in any game / app / activities to	Always / Often / Sometimes / Rarely /
	improve his/her skills at home?	Never
	Is there any area that the child shows aptitude in, which	Free text
	could lead to employability in future?	

Table S2 - 2 :

 S22 Testimony of Parisian student K. Sivakumar sharing his perspectives on corrdinating the student peer-learning program

Table S3 - 3 :

 S33 Multiple associations of sum scores of domains on each outcome, adjusted by age and gender (classical measurement theory approach) Note: Predictor scores from 1 to 5. Sum scores are the sum of all items that composes the domain divided by the number of items. Each predictor row represents a regression model, adjusted by age and gender. p-values are adjusted for false-discovery rate. * p<0.05 ** p<0.01 *** p<0.001

										Disability
		Hospitalization	Self-harm	Years of schooling	School Fail	(WHODAS factor
										score)
	Predictors	Odds Ratios	95% CI	Odds Ratios	95% CI	Incidence Rate Ratio	95% CI	Odds Ratios	95% CI	β	95% CI
			0.64 -		0.23 -		0.94 -		0.12 -		-0.53 -
	Ability	0.95	1.40	0.45	0.88 1.01	1.08 0.34	0.92	-0.41***	-0.28
			0.45 -		0.14 -		0.91 -		0.26 -		-0.54 -
	Frequency	0.78	1.36	0.36	0.90 1.01	1.12 1.07	4.40	-0.36***	-0.18
			0.85 -		0.74 -		0.92 -		0.59 -		-0.04 -
	Duration	1.52	2.72	2.07	5.85 1.03	1.14 2.87	13.86 0.15	0.34
			0.65 -		0.78 -		0.88 -		0.37 -		-0.10 -
	Intensity	1.11	1.89	2.10	5.66 0.97	1.07 1.66	7.50	0.07	0.24
			0.55 -		0.27 -		0.93 -		0.16 -		-0.52 -
	Context	0.79	1.12	0.47	0.83 1.00	1.06 0.37	0.86	-0.40***	-0.29
	Observations	1504	1504	1504		1504	1504
	Tjur's R2	0.007	0.080	0.915		0.016	0.498

Table S3 - 5 :

 S35 Reliability indices for each factor of the tri-factor model

		Cronbach's alpha Omega Hierarchical Omega
	General factor 0.984	0.514	0.804
	Attention	0.975	0.342	0.316
	Activity	0.975	0.221	0.116
	Ability	0.942	0.203	0.105
	Frequency	0.924	0.113	0.049
	Duration	0.927	0.099	0.025
	Intensity	0.921	0.160	0.096
	Context	0.931	0.296	0.199
	Question 1	0.918	0.374	0.299
	Question 2	0.910	0.357	0.267
	Question 3	0.925	0.365	0.298
	Question 4	0.944	0.285	0.223
	Question 5	0.939	0.391	0.328
	Question 6	0.934	0.317	0.247
	Question 7	0.947	0.432	0.397
	Question 8	0.928	0.647	0.612
	Question 9	0.947	0.544	0.536
	Question 10	0.960	0.406	0.367

Table S3 - 6 :

 S36 Multivariable regression associations of factors derived from the tri-factor model, adjusted by age and gender, on the study outcomes

			1.13		1.20		1.03	1.79	0.11
			0.77 -		0.70 -		0.96 -	0.64 -	0.00 -
	Question 16 0.93	1.11	0.97	1.34 1.00		1.03 1.04	1.71 0.06	0.11
	Hospitalization 0.65 -Question 17 0.77 0.92 0.70 -Predictors Odds Ratios 95% CI Question 18 0.84 1.00 Observations 1504	Self-harm 0.55 -0.74 1.00 1.01 Years of schooling 0.98 -1.05 0.81 School Fail 0.51 -1.28 -0.01 (WHODAS factor -0.06 -Disability 0.05 0.54 -0.97 -0.64 --0.07 -score) Odds Ratios 95% CI Incidence Rate Ratio 95% CI Odds Ratios 0.74 1.02 1.00 1.03 1.05 1.73 -0.02 0.04 95% CI β 95% CI 1504 1504 1504 1504
	Tjur's R2		0.99 -0.023		1.11 -0.108	0.916	1.14 -	0.91 -0.048	0.02 -0.567
	Age Note: p-values are adjusted for false-discovery rate. * p<0.05 ** p<0.01 *** p<0.001 1.02 1.06 1.18*** 1.26 1.15*** 1.16 1.00 1.10 0.03***	0.05
			1.01 -		0.35 -		0.95 -	0.71 -	-0.16 --
	Male	1.25	1.56	0.52*	0.76 0.99		1.03 1.30	2.38 -0.09*	0.03
			0.94 -		0.47 -		0.97 -	0.46 -	-0.54 --
	General	1.11	1.30	0.63*	0.84 1.00		1.03 0.70	1.08 -0.49***	0.44
			0.75 -		0.61 -		0.97 -	0.58 -	-0.29 --
	Attention	0.93	1.14	0.87	1.25 1.01		1.05 1.00	1.72 -0.23***	0.17
			0.85 -		0.76 -		0.98 -	0.69 -	-0.09 -
	Activity	0.99	1.16	0.99	1.30 1.01		1.04 1.03	1.56 -0.04	0.01
			0.82 -		0.63 -		0.98 -	0.46 -	-0.14 --
	Ability	0.95	1.08	0.80	1.03 1.01		1.03 0.67	0.97 -0.09***	0.05
			0.77 -		0.66 -		0.98 -	0.62 -	-0.15 --
	Frequency	0.91	1.07	0.89	1.19 1.01		1.04 0.94	1.43 -0.10***	0.04
			0.82 -		0.96 -		0.97 -	0.57 -	-0.11 -
	Duration	0.98	1.18	1.30	1.76 1.01		1.04 0.89	1.38 -0.05	0.00
			0.85 -		0.93 -		0.97 -	0.60 -	-0.00 -
	Intensity	0.99	1.14	1.23	1.63 1.00		1.03 0.92	1.41 0.04	0.09
			0.80 -		0.63 -		0.97 -	0.49 -	-0.15 --
	Context	0.91	1.04	0.79	0.99 1.00		1.02 0.68	0.94 -0.11***	0.07
			0.91 -		0.65 -		0.97 -	0.56 -	-0.05 -
	Question 1 1.09	1.32	0.90	1.23 1.00		1.04 0.91	1.47 0.01	0.06
			0.85 -		0.52 -		0.96 -	0.55 -	-0.03 -
	Question 2 1.01	1.21	0.71	0.98 0.99		1.03 0.88	1.41 0.02	0.08
			0.85 -		0.58 -		0.96 -	0.70 -	-0.06 -
	Question 3 1.02	1.22	0.80	1.11 0.99		1.03 1.12	1.80 -0.01	0.05
			0.80 -		0.37 -		0.96 -	0.57 -	-0.24 --
	Question 4 0.99	1.22	0.54*	0.80 0.99		1.03 1.01	1.77 -0.17***	0.11
			0.87 -		0.66 -		0.96 -	0.52 -	-0.04 -
	Question 5 1.05	1.26	0.89	1.21 1.00		1.03 0.82	1.31 0.01	0.07
			0.79 -		0.46 -		0.96 -	0.37 -	-0.07 -
	Question 6 0.97	1.19	0.66	0.94 0.99		1.03 0.63	1.08 -0.01	0.05
			0.80 -		0.49 -		0.97 -	0.67 -	-0.05 -
	Question 7 0.93	1.09	0.65*	0.86 1.00		1.03 1.02	1.55 -0.00	0.05
			0.84 -		0.76 -		0.98 -	0.72 -	-0.01 -
	Question 8 0.96	1.09	0.95	1.19 1.00		1.03 1.00	1.40 0.03	0.07
			0.92 -		0.72 -		0.97 -	0.61 -	-0.04 -
	Question 9 1.06	1.23	0.92	1.17 0.99		1.02 0.88	1.28 0.01	0.05
			0.79 -		0.56 -		0.97 -	0.90 -	-0.04 -
	Question 10 0.95	1.15	0.78	1.09 1.00		1.04 1.51	2.54 0.02	0.08
			0.74 -		0.50 -		0.97 -	0.44 -	-0.03 -
	Question 11 0.92	1.14	0.73	1.07 1.02		1.06 0.80	1.46 0.04	0.10
			0.72 -		0.60 -		0.98 -	0.57 -	-0.03 -
	Question 12 0.87	1.04	0.83	1.15 1.01		1.05 0.93	1.51 0.02	0.08
			0.77 -		0.65 -		0.97 -	1.05 -	0.04 -
	Question 13 0.91	1.09	0.86	1.15 1.00		1.03 1.66	2.61 0.09***	0.14
			0.82 -		0.55 -		0.97 -	0.85 -	-0.01 -
	Question 14 1.00	1.22	0.77	1.07 1.01		1.04 1.42	2.38 0.04	0.10
	Question 15 0.96	0.82 -0.91	0.69 -1.00		0.97 -1.18	0.78 -0.06*	0.01 -
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Abstract

Most mental health questionnaires only probe behavior and emotion over one domain (e.g., frequency) by using an adverbial phrase such as 'How often...?'. This single-domain approach to behavior sampling may limit the scope of psychiatric evidence that these instruments can capture. We investigated whether adding domains such as intensity, duration, ability and context to mental health survey instruments garner responses that better characterize or measure relevant symptoms or behaviors, testing its association with relevant outcomes. We tested whether our multidomain instrument could better predict hospitalization, self-harm,

Response format

We maintained a uniform 5-point Likert response scale across all domains. This was also realized for the ability domain (which was probed in the original SWAN questionnaire) 36 by removing the 'Below average' and 'Above average' options to bring the 7-point Likert scale in the original SWAN to a 5-point Likert scale ('Far below average', 'Slightly below average', 'Average', 'Slightly above average', 'Far above average') in SWAN+. The response options associated with each domain is listed in the following Figure 345. 39 we constructed questions with multiple (frequency, duration, intensity and context) domains having consistent language and formatting. This schema details the questionnaire construction process for our SWAN+ questionnaire. The complete questionnaire can be found in Table S3-7 of the supplementary information.

Figure 3-6: Tri-factor model example for the present study

The tri-factor model was tested using confirmatory factor analysis (CFA). CFA was performed in R using the lavaan package (Rosseel et al., 2018), 46 applying delta parameterization and weighted least square with diagonal weight matrix with standard errors and mean-and variance-adjusted chi-square test statistics (WLSMV) estimators. Model fit parameters were Root Mean Square Error of Approximation (RMSEA), Comparative Fit Index (CFI) and Tucker Lewis Index (TLI). Values of RMSEA near or below 0.080 represent acceptable model fit, and values lower than 0.060 represent good-to-excellent model fit (Hu and Bentler, 1999). 47 CFI and TLI values near or above 0.900 represent acceptable model fit, while values higher than 0.950 represent a good-to-excellent model fit. After running the trifactor model, we extracted the factor scores for each individual in order to use as predictors or the described outcomes

Tri-factor model results

The tri-factor model showed excellent fit indices (RMSEA = 0.034; 90%CI = 0.034 -0.035; CFI = 0.998; TLI = 0.998). Two items have been removed due to residual negative variance (questions about frequency and duration of playing quietly). Despite the fit, it is important to keep in mind the moderate reliability of using subscales when interpreting latent information provided by the present instrument, given the low to moderate ω and ωH reliability indices (Supplementary Table S3-4). Factor loadings of the tri-factor model are presented in the factor loading Supplementary Table S3-5. Factor loadings are the square root of a given item's percentage of variance explained by the latent factor. After running the tri-factor model, we extracted the factor scores for each individual in order to use them as predictors of the described outcomes. This score indicates the subject's position on the latent trait, expressed as standardized units, with a mean of zero.

WHODAS latent model

The WHODAS second-order model resulted in a good fit for the data (RMSEA = 0.072; 90%CI = 0.066 -0.078; CFI = 0.999; TLI = 0.999). The WHODAS general disability/impairment factor was extracted for each individual and used as the WHODAS outcome variable. The complete results of the multivariable regression associations of factors derived from the tri-factor model, adjusted by age and gender, on the study outcomes can be found in Supplementary Table S3-6.

Regression models
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Data availability statement

Supporting data, analysis scripts and the SWAN+ questionnaire will be released at the following public repository: https://osf.io/khfe8 ). Four citizen science models and use-cases designed using a combination of all the thesis components are also presented (section 5.4). Finally, the synergy between thesis components and the distinction and holistic vision of the thesis are described (section 5.5).

Open Collaborative Science -Insights, Studies and Workshops

Different interpretations of open science were addressed in the thesis:

Doing/furthering science in an open transparent way

The digital tools developed in the thesis (MHDB and MindLogger) are open source and are openly available 1,2 for others to comment, replicate and enrich. Likewise, protocols, methodologies and project content will be available 3 post thesis and were developed with insights from experts, stakeholders and communities.

Openly accessible and actionable science

With regard to the student peer-learning program (chapter 2), students learnt that many research articles were not openly accessible, and such topics/implications were discussed, with the hope being for them to contribute to openly accessible science as their careers progressed (section 2.4). However, it was noted that even when scientific publications and data were accessible, they are not in a form where non-scientists can understand and draw useful insights from them without specialized expertise (subsection 2.3.1).

Towards the goal of openly accessible and openly actionable science, steps will be taken to This formula can be adapted and customized to any mental health condition.

Your project here: Thesis formula applied to any field. The thesis components were designed to be topic-agnostic and applied to any field.

XDB + Xlogger + Student/Community-driven Citizen Science = Open Collaborative

Science to meet the UN Sustainable Development Goals (SDGs)

 XDB: Aggregate, curate and map projects and initiatives for people to find current and relevant scientific information across stakeholder efforts. Learning Differences/Disabilities: a Global Problem that needs Urgent Attention 10% of the population experience learning disabilities having difficulties in understanding or using language (both spoken and written), including listening, thinking, speaking, reading, writing, spelling and/or doing mathematical calculations.

Research plan

Engagement of stakeholders through Virtual Reality experiences (in collaboration with

Philippe Bertrand) P. Bertrand will design a series of VR experiences for individuals to understand the cognitive, social and emotional challenges of students with dyslexia and other learning differences inside and outside the class. He will also oversee its implementation as a teacher training tool and as a tool to raise awareness among the general public on learning differences.

Towards accessible cognitive tasks (games) and apps to facilitate the identification, assessment and improvement of dyslexia

The aim is to provide an easily accessible and useful resource for parents, doctors, teachers and children concerned with learning difficulties and assist them in dealing with these conditions on a day-to-day basis. To this end will be deployed:

A. The thesis' database (MHDB), with a focus on games, cognitive tasks, apps, tools and neuro-diversity related information 

Results

Results from DSM-5 analysis

We first searched for PS-related terms in the DSM-5 (table 1). We found mentions of chills (N=3), temperature (N=4), tremors (N=7), piloerection (N=1), and Opioid Disorders (N=1) as signs for a total of 16 disorders. No results (N=0) were found for the terms shivers, goosebumps, frisson, feeling of cold, cutis anserina, gooseflesh, horripilation, or thrills.

Chills was found as a for two disorders category: Panic Disorders and Substance Abuse Related Disorders, namely cannabis withdrawal and stimulus intoxication.

Concerning tremors, we found Medication-Induced Postural Tremor, a disorder under the categories "medication induced movement disorders and other adverse effects of medication".

Tremors also appeared as an associated feature supporting diagnosis for disorders like Two questions directly related to chills were found. One question in the NEO Five Factor

Inventory -3 and one from the E-SWAN study. The question from the NEO relates to aesthetics and poetry whereas the E-SWAN study maps directly to the symptom "chills and heat sensations" from panic disorders.

We then searched for tremors. "Intensity of Tremors" was a question in the SNAP-4 Rating Scale With Side Effects -Parent questionnaire. Intensity of "Hands trembling" and "Shaky / unsteady" were questions in the Beck Anxiety Inventory. "My hands shake" was a question in the Multidimensional Anxiety Scale for Children 2nd Edition (MASC 2)-Self Report and the corresponding question ("My child gets shaky or jittery") in the parent report. "He/she child gets shaky" and "I get shaky" were questions found in the Screen for Anxiety Related Disorders Parent and Self Reports respectively. 

Signs indirectly related to shivers associated to mental disorders

While conducting the search, we identified several signs related to shivers, which are associated with mental disorders. For example, cutaneous reactions such as skin picking, hallucinations, ants crawling under skin (formication), are found in Depressive Disorder; skin picking is associated with Obsessive Compulsive Disorder, and skin sensations are absent in Conversion Disorder. Among the low-risk phenotypes are the acute alcohol-related skin flush (seen most prominently in Asians). This sign is found under Alcohol Use Disorder.

Dyskinesia Distortion of voluntary movements involves involuntary muscle activity in a similar fashion to the activity of skeletal muscles during psychogenic shivers. There was an (Bafeta et al., 2019), we have made our tools fully available online (https://www.researchgate.net/project/Chills-DB), allowing anyone to add to the work conducted thus far and easily gain access to all existing knowledge about psychogenic shivers. Given the benefits of PS in neurotypical populations (Schoeller, 2019a, 2019b) and their relevance for scientific research generally (Schoeller et al., 2018), our results suggest the need for further research on exploring the possibilities of physiological markers such as psychogenic shivers for monitoring mental health disorders.
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Take responsibility for building a peer review process into each study design with periodic checks and balances. Do not simply delegate consideration of ethical and responsible research practices solely to research ethics boards (also known as institutional review boards (IRB)).

The Connected and Open Research Ethics (CORE) [27] is a global community interested in collaborating to shape ethical practices in digital research, and their Resource Library contains shared IRB-approved protocols and a forum for sharing expertise and answering questions.

The Citizen Science Association has also developed and shared materials for conducting an IRB review [28], to help build an ethics review process for the citizen science community.

Further resources to advance our understanding of the ethical, legal and social implications of this emerging digital research ecosystem are provided by the CORE initiative [29,30],

MobileELSI [31], PERVADE [32], and CTTI [33].

Involve non-scientists

There are many roles non-scientists can take to advance human health research, beyond participation in traditional, computer task-or game-based citizen science projects [34,35].

First and foremost are the patients who are best served by the research, who can not only enroll as participants, but also help define problems, goals, and measures of success. Any interested party, including patients, clinicians, ethicists, policy makers, funding agencies, and individuals from the general public (43), can and should partner with the research community at the different stages of researchsoliciting ideas for funding, designing or coordinating studies, recruiting participants, collecting or analyzing data, interpreting or broadcasting results, participating in the peer review process [36-38], and so on. The website for the Office of Research Integrity provides a resource for learning about responsible scientific methods, the Basic Research Concepts [39].

Include non-scientist stakeholders throughout the scientific process in meaningful, informative, accessible, and engaging ways. From the very inception of a study, encourage and support the active participation of patients and other interested parties in defining research questions. Patient-led innovation platforms and patient-driven networks in health, such as PatientsLikeMe [40], help connect people suffering from common diseases to share their experiences, and have spawned scientific studies [41]. Where technologies are involved, collaborate with technology developers and end-users to ensure products are scientifically validated, evidence-based, and user-friendly.

them to take a more hands-on approach and launch a crowdsourcing campaign, and many are apathetic to self-promotion through social media. We therefore focus our recommendations, for both scientists and non-scientists, on different forms of recognition as means of conferring and receiving rewards, rather than direct monetary or career gains.

At the outset of a research project, clarify contributor roles, acknowledgments, rewards, and code of conduct, e.g., see Conference Code of Conduct [50]. Use resources like "Ten Simple Rules for a Successful Collaboration" [51] and Collaboration and Team Science: A Field Guide [52] for guidance defining these roles. Also clarify when data or software can be released, how it will be released (e.g., Github, Figshare, Google drive), and cite the resources you use [53]. Think beyond the usual contributor acknowledgments of "author", "editor", "contributor", "acknowledgment", etc. [54], and reconsider author order. In other words, clearly define and state what contributions would lead to what acknowledgments or rewards [55]. The International Committee of Medical Journal Editors provides guidance ("the Vancouver Recommendations") that many journals require for submissions and that are good practices to follow regardless of publisher requirements [56,57]. The Committee on Publication Ethics also provides hundreds of guiding documents, including flowcharts, specifically relating to authorship and contributorship [58-60].

Even outside of your own research, acknowledge where good, open, ethical, inclusive human health research practices are conducted. Be especially mindful to acknowledge open practices [61-63], research in languages in addition to English [64] and research from non-traditional actors [65]. Point out where greater efforts could be made toward better scientific practices.

Lead by example, but also, when attending another's talk or lecture, do ask for clarification on who contributed what, so as to encourage this practice in others.

Engage in more quantitative approaches of acknowledgment and reward. For example, rigorously quantify the degree to which your research and contributed/adopted resources embrace openness, ethical practices, inclusiveness, etc. Think carefully about what "impact" means in relation to your work. For example, rather than (or in addition to) tracking academic citations, you may be more interested in fostering collaboration between particular previously siloed, isolated bodies of knowledge or in tracking some aspect of your research into practice.

Make use of indicators that measure or estimate those types of impact [6,66-72].

generosityif you do not make your data and methods available and clear to others, you undermine the credibility of your work and hinder the advance of science.

Follow FAIR (findable, accessible, interoperable, reusable) principles in your scientific practices [83,84]. The following two rules regarding documentation and accessible presentation are most closely related to reproducibility. Specifically, for documentation to aid reproducibility it must be shared, just like presentations, and shared in formats (languages, descriptions, file types) that are easily accessible [85]. In practice, "data […] exist in small units, are linked to many other related units, and are difficult to interpret without considerable documentation and context" [53]. Adequate data documentation can be difficult and resource intensive [81,86]; while inadequate data management can severely compromise the scientific value and interpretability of the associated research. See "Ten Simple Rules for the Care and Feeding of Scientific Data" [87] for guidance.

Share data, methods, and documentation in open-access repositories [87]. At the very least, this practice enables consumers of your research to scrutinize your work. More importantly, other methods can be applied to your data, and your methods can be applied to other data, to test assumptions, hypotheses, methods, as well as data quality and generalizability. Digital containers (e.g., Docker and Singularity) make it much easier to conduct reproducible research within self-contained environments, and help to mitigate concerns about maintaining software and dependencies in different computing environments.

Since data breaches are a persistent challenge, provide participants with clear and accessible information about how data will be collected, stored, shared, and used in the future, while making it clear that no one can provide absolute guarantees about future data security. Do not collect identifiable information if you do not need it for your research. Otherwise, separate identifiable from currently non-identifiable information, and if possible, destroy the identifiable information at the conclusion of the study. Be sure to scrub software and other documentation of any references to participant-specific information. Apply best practices for data de-identification, such as mixing data or adding noise to data (differential privacy, face removal from images, etc.). In cases where data cannot be made fully open, deposit metadataonly records in a repository with instructions for who can gain access to the data and how.

There is a variety of options available when choosing a data repository to store and share data and metadata, such as Open Science Framework (osf.io), Zenodo (zenodo.org), Synapse (synapse.org), Dryad (datadryad.org), and Harvard Dataverse (dataverse.harvard.edu).

appropriate caveats and considerations. Consider the relative size of the observed effects, consider and discuss not only the statistical but also the biological significance of your results.

Advocate open principles

Practicing open science is best done not in isolation, but in a community of open science practitioners. This is never more true than in human health research, where health data can be difficult to collect, share, and analyze, and the research itself is most often done in silos.

Coordinating the activities among people, the interoperability of methods, the sharing of data, and the inclusion of more diverse stakeholders is not only played card and board games designed to improve their processing speed and social interaction skills. Subjective feedback was also collected from the coordinators after every session on the participant's performance. Early results showed a positive effect, and parents of participants had remarked how the approach required only inexpensive board games and was hence scalable and convenient. This experience further inspired the creation of 'non-digital game' project type and projects were added in the database. The analysis of results and follow-up studies with new batches of students are currently in progress. This was the first time the student participants attended Skype sessions for a class at the college, that too from other students from another country. They were really excited to learn new skills with the future perspectives in terms of higher education and job prospects. Through Skype sessions, they were introduced to the basic concepts of research like the meaning of data and its types, creative thinking, learning through reading and presentation of research articles. They were given assignments to critically review Power Point Presentations on Autistic Mind, Autism and Music, and Autisma Neuro development Disorder, and asked to edit those presentations online with the help of Google Slides and Docs. Under the exercise 'Zoom in and Zoom out' (ZIZO), students were asked to select minimum three questions from a book on autism titled 'The Reason I jump', and to provide their answers based on their understanding of the causes as given by various search engines.To promote critical analysis and review, Table S3-1: OBO principles and guidelines for MHDB

Annex Table S1-1: Muki Haklay's classification of engagement and skills in citizen science projects that is extrapolated to mental health in thesis

Open Use for open availability and usability, implemented by release under Creative Commons CC-BY license version 3.0 or later, which will be followed by MHDB, Common formatting and relations to allow maximum people to gain access, reuse and build from an ontology, with our ontology and its entities resolving to a valid OWL file in an RDF or RDF-XML 18 syntax.

Collaborative development for the threefold benefits of avoiding duplication, increasing interoperability and ensuring that content is scientifically sound and meets community needs by re-using content where appropriate and facilitating merging with other ontologies. We follow this by linking MHDB entities to equivalent classes in other ontologies.

Inspiration was also drawn from Gene Ontology (geneontology.org) regarding the following:

Simple intuitive structure for better usability navigating large and complex bodies of information by structuring each entity as a node and each edge as either a 'is a' or 'part of' relationship in a hierarchy or directed graph, Continuous evolution and active curation for adaptability, to include new information even while refining existing information, by a central team to work with the community to ensure fidelity and implement changes with care.