Journal of Medical Internet Research

Journal Impact Factor (JIF) (2023): 5.8
Volume 22 (2020), Issue 1 ISSN 1438-8871 Editor in Chief: Gunther Eysenbach, MD, MPH

Contents
Viewpoints

A Virtual Home for the Virtual Clinical Trial (€15582)
SUSAN PISKY . .« ottt ettt e e 6

Big Data in Context: Addressing the Twin Perils of Data Absenteeism and Chauvinism in the Context of
Health Disparities Research (e16377)

Edmund Lee, Kasisomayajula VISWanath. . . . ... ... e 11

Barriers to Working With National Health Service England’s Open Data (e15603)

Seb Bacon, BN GoOldaCre. . . . .. oot e 18

The True Colours Remote Symptom Monitoring System: A Decade of Evolution (€15188)

Sarah Goodday, Lauren Atkinson, Guy Goodwin, Kate Saunders, Matthew South, Clare Mackay, Mike Denis, Chris Hinds, Mary-Jane Attenburrow,
Jim Davies, James Welch, William Stevens, Karen Mansfield, Juulia Suvilehto, John Geddes. . . . ... . . i e e e 32

A Stimulated Recall Method for the Improved Assessment of Quantity and Quality of Social Media Use
(e15529)

Nastasia Griffioen, Marieke Van Rooij, Anna Lichtwarck-Aschoff, Isabela GraniC. . . .. ... .. e 43

Examining the Potential of Blockchain Technology to Meet the Needs of 21st-Century Japanese Health
Care: Viewpoint on Use Cases and Policy (e13649)
Tim Mackey, Hirofumi Bekki, Tokio Matsuzaki, Hiroshi Mizushima. . . . ... ... e e e e 626

Reviews

Usability Evaluations of Mobile Mental Health Technologies: Systematic Review (e15337)
Yavuz Inal, Jo Wake, Frode Guribye, Tine NOrAQreen. . . . .. ..ot e e e e e e e e e 56

Technological State of the Art of Electronic Mental Health Interventions for Major Depressive Disorder:
Systematic Literature Review (€12599)
Franziska Burger, Mark Neerincx, Willem-Paul BrinKmMan. . . . .. ... e e e e e e e e e 269

Measures of Effectiveness, Efficiency, and Quality of Telemedicine in the Management of Alcohol Abuse,

Addiction, and Rehabilitation: Systematic Review (€13252)
Clemens Kruse, Kimberly Lee, Jeress Watson, Lorraine Lobo, Ashton Stoppelmoor, Sabrina Oyibo. .. ......... ... ... . . .. 387

Journal of Medical Internet Research 2020 | vol. 22 | iss. 1 | p.1

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

A Web-Based Dementia Education Program and its Application to an Australian Web-Based Dementia
Care Competency and Training Network: Integrative Systematic Review (e16808)
Anne Moehead, Kathryn DeSouza, Karen Walsh, Sabrina Pit. . . . ... .. e 455

Tools to Assess the Trustworthiness of Evidence-Based Point-of-Care Information for Health Care
Professionals: Systematic Review (e15415)

Gerlinde Lenaerts, Geertruida Bekkering, Martine Goossens, Leen De Coninck, Nicolas Delvaux, Sam Cordyn, Jef Adriaenssens, Patrick
VaNKIUNKEISVEN. et 489

Effectiveness of Upper Limb Wearable Technology for Improving Activity and Participation in Adult Stroke
Survivors: Systematic Review (€15981)
Jack Parker, Lauren PoOWell, SUSAN MaWSOM. . . . .ottt e e e et e e e e e e e e e 573

Systematic Evaluation of Research Progress on Natural Language Processing in Medicine Over the Past
20 Years: Bibliometric Study on PubMed (e16816)

Jing Wang, Huan Deng, Bangtao Liu, Anbin Hu, Jun Liang, Lingye Fan, Xu Zheng, Tong Wang, Jianbo Lei. . ............ ... ... .. ........ 607

Original Papers

Effectiveness and Cost-Effectiveness of a Self-Guided Internet Intervention for Social Anxiety Symptoms
in a General Population Sample: Randomized Controlled Trial (€16804)

John Powell, Veronika Williams, Helen Atherton, Kylie Bennett, Yaling Yang, Mina Davoudianfar, Annika Hellsing, Angela Martin, Jill Mollison,
Milensu Shanyinde, Ly-Mee Yu, Kathleen Griffithis. . . . ... e e 75

A Web- and Mobile App—Based Mental Health Promotion Intervention Comparing Email, Short Message
Service, and Videoconferencing Support for a Healthy Cohort: Randomized Comparative Study (e15592)
Melanie Renfrew, Darren Morton, Jason Morton, Jason Hinze, Peter Beamish, Geraldine Przybylko, Bevan Craig. . . .. .......... .. 87

Efficacy of a Self-Help Web-Based Recovery Training in Improving Sleep in Workers: Randomized Controlled
Trial in the General Working Population (e13346)
Doerte Behrendt, David Ebert, Kai Spiegelhalder, Dirk Lehr. . . .. .. 104

Self-Care Monitoring of Heart Failure Symptoms and Lung Impedance at Home Following Hospital Discharge:
Longitudinal Study (e15445)

Ina Aamodt, Edita Lycholip, Jelena Celutkiene, Thomas von Lueder, Dan Atar, Ragnhild Falk, Ragnhild Hellesg, Tiny Jaarsma, Anna Strémberg,
ITEBNE L. . o ot e 122

The Effects of a Digital Well-Being Intervention on Patients With Chronic Conditions: Observational Study
(e16211)

Acacia Parks, Allison Williams, Gina Kackloudis, Julia Stafford, Eliane Boucher, Ryan Honomichl. . . ............ ... ... .. ... ... .. .. .. .... 136

A Culturally Targeted eLearning Module on Organ Donation (Promotoras de Donacidn): Design and
Development (e15793)

Gerard Alolod, Heather Gardiner, Chidera Agu, Jennie Turner, Patrick Kelly, Laura Siminoff, Elisa Gordon, Robert Norden, Theresa Daly, Amanda
Benitez, llda Hernandez, Nancy Guinansaca, Lori Winther, Caroline Bergeron, Antonette Montalvo, Tony Gonzalez. . . ...................... 148

Tools for App- and Web-Based Self-Testing of Cognitive Impairment: Systematic Search and Evaluation
(el14551)

Anna Charalambous, Annie Pye, Wai Yeung, Iracema Leroi, Malcolm Neil, Chryssoula Thodi, Piers Dawes. . . . ..........couiitienennn.. 164

Journal of Medical Internet Research 2020 | vol. 22 | iss. 1 | p.2

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

Efficacy of an Electronic Health Management Program for Patients With Cardiovascular Risk: Randomized
Controlled Trial (e15057)

Young Yun, EunKyo Kang, Young Cho, Sang Park, Yong-Jin Kim, Hae-Young Lee, Kyae Kim, Kiheon Lee, Hye Koo, Soojeong Kim, YeEun Rhee,
Jihye Lee, Jeong Min, Jin-AR Sim. . ..o e 176

Digital Competencies and Attitudes Toward Digital Adherence Solutions Among Elderly Patients Treated
With Novel Anticoagulants: Qualitative Study (e13077)

Maximilian Herrmann, Philip Boehme, Arne Hansen, Katharina Jansson, Patrick Rebacz, Jan Ehlers, Thomas Mondritzki, Hubert Truebel. . .
1 8 8

A Web-Based, Computer-Tailored Intervention to Reduce Alcohol Consumption and Binge Drinking Among
Spanish Adolescents: Cluster Randomized Controlled Trial (€15438)

José Martinez-Montilla, Liesbeth Mercken, Hein de Vries, Math Candel, Joaquin Lima-Rodriguez, Marta Lima-Serrano. . ... ................. 201

An Interactive Web-Based Lethal Means Safety Decision Aid for Suicidal Adults (Lock to Live): Pilot
Randomized Controlled Trial (€16253)

Marian Betz, Christopher Knoepke, Scott Simpson, Bonnie Siry, Ashley Clement, Tamara Saunders, Rachel Johnson, Deborah Azrael, Edwin
Boudreaux, Faris Omeragic, Leah Adams, Sydney Almond, Elizabeth Juarez-Colunga, Daniel Matlock. . .. ........ .. ... ... .. .. .. .. .. ... 224

A User-Centered Approach to an Evidence-Based Electronic Health Pain Management Intervention for
People With Chronic Pain: Design and Development of EPIO (e15889)

Ingrid Ledel Solem, Cecilie Varsi, Hilde Eide, Ol6f Kristjansdottir, Elin Bgrasund, Karlein Schreurs, Lori Waxenberg, Karen Weiss, Eleshia Morrison,
Mette Haaland-@verby, Katherine Bevan, Heidi Zangi, Audun Stubhaug, Lise Solberg Nes. . . . ... e 234

A Data-Driven Social Network Intervention for Improving Organ Donation Awareness Among Minorities:
Analysis and Optimization of a Cross-Sectional Study (e14605)
Michael Murphy, Diego Pinheiro, Rahul lyengar, Gene Lim, Ronaldo Menezes, Martin Cadeiras. . .. .............o it 254

Associations Between Affective States and Sexual and Health Status Among Men Who Have Sex With
Men in China: Exploratory Study Using Social Media Data (e13201)
Zhi-Wei Zheng, Qing-Ling Yang, Zhong-Qi Liu, Jia-Ling Qiu, Jing Gu, Yuan-Tao Hao, Chao Song, Zhong-Wei Jia, Chun Hao. . ................ 291

Health Effects Associated With Electronic Cigarette Use: Automated Mining of Online Forums (e15684)
My Hua, Shouq Sadah, Vagelis Hristidis, Prue Talbot. . . . ... ..o e e e e e 308

Lifestyle Disease Surveillance Using Population Search Behavior: Feasibility Study (€13347)
Shahan Memon, Saquib Razak, INngmar WEDET. . . . . ... e e e e 330

Prevalence and Outcomes of Web-Based Health Information Seeking for Acute Symptoms: Cross-Sectional
Study (€15148)

Lydia Aoun, Najla Lakkis, Jumana ANTOUN. . . . ..ottt et e e e et e e e e e e e e e e e e 351

Health Consumers’ Daily Habit of Internet Banking Use as a Proxy for Understanding Health Information
Sharing Behavior: Quasi-Experimental Approach (e15585)
HYEYOUNG HaR. . .o e 361

Effect of Patient-Physician Relationship on Withholding Information Behavior: Analysis of Health Information
National Trends Survey (2011-2018) Data (e16713)

Xin Yang, Jason Parton, Dwight Lewis, Ning Yang, Matthew Hudnall. . . . ... ... .. e 375
Classification and Regression Tree and Computer Adaptive Testing in Cardiac Rehabilitation: Instrument

Validation Study (e12509)
Linda Peute, Thom Scheeve, MONIQUE JASPEIS. . . . . o oottt ittt et e e e e e et e e e e e e e e e e e e e e e 395

Journal of Medical Internet Research 2020 | vol. 22 | iss. 1 | p.3

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

PediTools Electronic Growth Chart Calculators: Applications in Clinical Care, Research, and Quality
Improvement (€16204)
Joseph Chou, Sergei Roumiantsev, Rachana Singh. . . ... ... e e 407

An Online Pain Education Program for Working Adults: Pilot Randomized Controlled Trial (e15071)
Yajie Li, MUN TS, . . oottt e e e e e e e e e e e e 424

Patient Recommendations to Improve the Implementation of and Engagement With Portals in Acute Care:
Hospital-Based Qualitative Study (e13337)
S Greysen, Yimdriuska Magan, Jamie Rosenthal, Ronald Jacolbia, Andrew Auerbach, James Harrison. . ............. .. ... 435

Digitalizing Health Services by Implementing a Personal Electronic Health Record in Germany: Qualitative
Analysis of Fundamental Prerequisites From the Perspective of Selected Experts (€15102)
Sabrina Pohimann, Aline Kunz, Dominik Ose, Eva Winkler, Antje Brandner, Regina Poss-Doering, Joachim Szecsenyi, Michel Wensing. . ... .... 445

The Impact of Advertisement Messaging on Enroliment of Young Men Who Have Sex With Men for
Web-Based Research: Observational Study (e16027)

Holly Fontenot, Nadia Abuelezam, Joshua Rosenberger, David Novak, Kenneth Mayer, Gregory Zimet. . . .. ...ttt 467

You Get What You Pay for on Health Care Question and Answer Platforms: Nonparticipant Observational
Study (e13534)

Fatemeh Ameri, Kathleen Keeling, Reza Salehnejad. . . . . .. ... o 475

Online Information on Electronic Cigarettes: Comparative Study of Relevant Websites From Baidu and
Google Search Engines (e14725)

Ting Chen, Sarah Gentry, Dechao Qiu, Yan Deng, Caitlin Notley, Guangwen Cheng, Fujian SONg. . .. ........... .t 499

Analysis of Collective Human Intelligence for Diagnosis of Pigmented Skin Lesions Harnessed by
Gamification Via a Web-Based Training Platform: Simulation Reader Study (e15597)
Christoph Rinner, Harald Kittler, Cliff Rosendahl, Philipp Tschandl. . . . ... ... . e 508

“Asking Too Much?”: Randomized N-of-1 Trial Exploring Patient Preferences and Measurement Reactivity
to Frequent Use of Remote Multidimensional Pain Assessments in Children and Young People With Juvenile
Idiopathic Arthritis (€14503)

Rebecca Lee, Stephanie Shoop-Worrall, Amir Rashid, Wendy Thomson, Lis Cordingley. . . .. ... e 516

Why Employees (Still) Click on Phishing Links: Investigation in Hospitals (e16775)
Mohammad Jalali, Maike Bruckes, Daniel Westmattelmann, Gerhard SChewe. . . . . .. .. . e 530

The Detection of Opioid Misuse and Heroin Use From Paramedic Response Documentation: Machine
Learning for Improved Surveillance (e15645)

José Prieto, Kenneth Scott, Dean McEwen, Laura Podewils, Alia Al-Tayyib, James Robinson, David Edwards, Seth Foldy, Judith Shlay, Arthur
DaAVIOSON. . .\ oottt 546

Patient Perspectives on the Usefulness of an Atrtificial Intelligence—Assisted Symptom Checker:
Cross-Sectional Survey Study (e14679)

Ashley Meyer, Traber Giardina, Christiane Spitzmueller, Umber Shahid, Taylor Scott, Hardeep Singh. . .. .. ... ... . i 554
Health Care Personnel’s Perspective on Potential Electronic Health Interventions to Prevent Hospitalizations

for Older Persons Receiving Community Care: Qualitative Study (e12797)
Martha Gjestsen, Siri Wiig, INgelin Testad. . . . ... ..o e e e 563

Journal of Medical Internet Research 2020 | vol. 22 | iss. 1 | p.4

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

Valuable Genomes: Taxonomy and Archetypes of Business Models in Direct-to-Consumer Genetic Testing
(e14890)

Scott Thiebes, Philipp Toussaint, Jaechyeon Ju, Jae-Hyeon Ahn, Kalle Lyytinen, Ali Sunyaev. . .. ............ . 501
Visualizing an Ethics Framework: A Method to Create Interactive Knowledge Visualizations From Health

Policy Documents (e16249)
Joanna Sleigh, Manuel Schneider, Julia Amann, Effy Vayena. . . . ... .. 638

Journal of Medical Internet Research 2020 | vol. 22 | iss. 1 | p.5

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Persky

Viewpoint

A Virtual Home for the Virtual Clinical Trial

Susan Persky*, PhD
Social and Behavioral Research Branch, National Human Genome Research Institute, Bethesda, MD, United States

Corresponding Author:

Susan Persky, PhD

Social and Behavioral Research Branch
National Human Genome Research Institute
31 Center Dr Bldg 31 Rm B1B36

Bethesda, MD, 20892

United States

Phone: 1 301 443 0098

Email: perskys@mail.nih.gov

Abstract

Virtual clinical trials (VCTs) can satisfy the need for rigorous clinical trials by using distributed technological solutions that
eliminate the need for aphysical tria site. Thisreport explores potential benefits of using virtual reality (VR) to provide a“virtual
site” for VCTs, a shared immersive hub in which VCT participants could experience elements of the trial and interact with the
trial team. VR is a communication technology that has been emerging a ongside the development of VCTs, athough they have
never been merged in asubstantial way. Many of the gapswithinthe VCT paradigm are areasin which VR excels. VR environments
are standardized and precisely uniform, the technology alows introduction of an almost endless set of stimuli to participants
visual and auditory systems, and VR systems are adept at capturing precise movement and behavioral data. Although VR has not
yet found its way into VCTs, much of the groundwork for such integration has been laid through research and technological
development achieved in the past few years. Future implementation of VR within VCTs could move us from site-less trials to
those with avirtua site serving as a hub for trial information provision, interaction with trial representatives, administration of

evaluations and assessments, and more.

(J Med I nternet Res 2020;22(1):€15582) doi:10.2196/15582
KEYWORDS

virtual reality; virtual clinical trials; eHealth

Introduction

Rapid innovation in heath and health care technologies,
interventions, and products require the attendant proliferation
of rigorous clinical trials to evaluate their efficacy and
effectiveness. To meet these needs, the field has been slowly
moving toward increasing adoption of virtual clinical trials
(VCTs). VCTs go by many names (eg, site-less, remote,
decentralized, direct-to-patient, and patient-centered trials), but
these generaly involve evaluating the effect of a clinical
intervention (often a pharmaceutical product) within research
participants’ own settings, as opposed to a clinical tria site.
They satisfy the need for rigorous clinical trials performed
among a diverse sampling of the appropriate population, using
benefits conferred by distributed technological solutions (eg,
mobile phone apps) that are often already present in the homes
and routines of research participants under study. Boosters of
the model submit that VCTs can reduce costs, shorten trial
timelines, increase protocol adherence, and boost recruitment

https://www.jmir.org/2020/1/€15582

numbers and participant diversity, while simultaneously
allowing for continuous real-world data collection in the context
of real-life settings and events [1,2]. These trials typically
provide participant accessto research teams through Web-based
portals, sometimes provide homevisits, and collect datathrough
networked wearables and medical devices, surveys, and other
means. Although there are certainly complexitiesrelated to the
massive amount of data generated, safety concerns, and other
considerations, this approach holds great potential for growth.
Indeed, if wethink beyond trialsinvolving pharmaceuticals and
therapeutics, these site-lesstrials have been flourishing for years
in the context of evaluating products and interventions (such as
mobile health apps) intended to be widely deployed in
free-living environments.

Still, since the dawn of the VCT, there has been argument for
retaining the clinical site. Distributing data collection introduces
alack of standardization, alack of relationship between thetrial
team and participants, the inability to collect certain types of
data, and a lack of researcher knowledge about the contextual
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details of data collection, including whether the intended
individual is participating in trial activities [3]. For these and
other reasons, there may be benefitsto providing a“virtual site”

Persky

for VCTs—a shared immersive hub in which every VCT
participant could experiencetria elementsand interact with the
trial team (Figure 1).

Figure 1. Relationships among virtual clinical trial elements incorporating virtual reality.
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Virtual Reality to Augment Virtual Clinical
Trials

Virtual Reality Research Relevant for
Remote Interactions

Itistimeto consider whether and how virtua redlity (VR) could
be used to augment VCTs. VR is acommunication technology
that has been emerging alongside VCTs, and although they
share a component of their name, they have not been merged
in asubstantial way. There are several arguments for doing so.
Many of the gaps |eft by the VCT paradigm are areas in which
VR excels. VR environments are digital; thus, they are very
precisely uniform, and the technology alows introduction of
an almost endless set of stimuli to participants visual and
auditory systems (and sometimes other sensory systemsaswell).
VR is adept at capturing precise movement and behavior data;
indeed, user movement drivesthe very operation of VR systems.
Such data collection could also provide information on
participant adherence to elements of the tria regimen, as well
as data points to demonstrate that the intended individua is
participating in the remote trial. Indeed, individuals VR data
are unique and identifiable in terms of elements such as eye
height, gait, and movement patterns[4]. Although other related
technologies, such as mobile phone apps, and nonimmersive
virtual environments may likewise confer benefits for VCTS,
these particular elements (immersion in uniform but realistic
simulations, unique data signatures generated by body
movement) are unique to VR.

https://www.jmir.org/2020/1/€15582

With the aging of the American population, evaluation and
therapy in home settings have become a mgjor focus within the
VR industry. For exampl e, researchers have begun to assessthe
ability of patientsto use VR appsfor physical and occupational
therapy self-assessment and exercises in the home, with
generaly favorable results [5-7]. This research has sensibly
occurred primarily in domains where mobility can be an issue
and where home-based activities are already the norm. Thisis
a potentia starting point for VR-based motion or mobility
assessmentsin VCTswhereinterventions under study influence
these processes. This is, however, only a single area of
development. Given avery active VR development community
around health, health care, and wellness, there are many use
cases soon to be ripe for the picking. For example, VR
assessments of neuropsychological processes and outcomes
have been developed both in the context of noninterventional
natural history trials and in pharmaceutica trial contexts. For
example, in laboratory-based work, researchers have used VR
classrooms and driving simulators to evaluate effects of
psychostimulants [8-10]. Researchers have also developed VR
environments to elicit and assess stress reactivity in both
laboratory-standard and in ecologically realistic ways [11-13].
Cognitive and executive function evaluation is another area of
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active VR devel opment, wherein testing takes placein alifelike
virtual environment (eg, a virtual grocery store) to provide
consistency between trials and between patients[14]. Elicitation
and evaluation of craving and substance use behavior using VR
environments have become quite sophisticated in recent years
[15,16], alongside VR-based food choice measures [17-19].
These tools could provide standardized environmentsin which
to measure specific reactions and behaviors associated with
interventions under study. They aso allow evaluation in the
face of such stimuli without sending participants into the way
of potential harm. Although many VR environments are
typically designed to bring elements of the real world (bars,
liquor stores, cafeterias, etc) into sterilelaboratory environments,
they could provide standardized environments within a home
context just as compellingly.

In addition, note that applications of VR to VCTs need not be
complicated or complex. Consider measuring resting blood
pressure among VCT participants in the variety of home
environments where this might occur—alone in a quiet room,
versus surrounded by active children, watching a cooking show
versus watching a true-crime show. Now consider what might
be gained by having these measurements taken while all
participants are relaxing on the same VR beach watching the
wavesroll in.

Interpersonal Factors in Virtual Clinical
Trials

Also critical is the social component of clinical trials, along
with the trust that can develop between participants and
researchers. A VR-based communication hub for VCTs could
reinsert some of the human element into these distributed
studies. Many researchers have created VR clinical settingsthat
could beleveraged asfamiliar and trustworthy contextsinwhich
to convey clinical information to patients. Research on social
VR, aswell aswork on telemedicine, has shown the ability of
VR to support true social interactions and therapeutic alliance
[20,21]. Use of VR to support interpersonal interaction between
patients and trial staff could also be beneficial in the case of
single-blind trials, wherein communication could befiltered or
elements could be automated to reduce concerns about
researcher expectations seeping into the encounter [22].
Although VR can convincingly mimic a clinical interaction
[23,24], there may also be reason to embellish and explore new
possibilities in these information exchanges. Patient education
could be enhanced by bringing VCT participants into VR
educational environments, for example, to help patientsvisualize
health and medical data [25,26]. Clinical trialists could have a
full arsenal of VR visualizations and demonstrations when
explaining trial procedure, disease processes, medical
procedures, treatment methods, and so on, within the consent
process and astrials proceed.

https://www.jmir.org/2020/1/€15582
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Why Now?

Deploying VR to participant home environments has become
increasingly possible because of massive growth in VR
technology in recent years, as well as (much more slowly)
growing ownership of VR hardware among consumers. VR
hardware is available in a variety of form factors and price
points. Although eventually, many trial participants may be able
to bring their own VR equipment to trials, much as they might
bring their own computer or maobile phone, at present, thiswould
be an unlikely scenario. However, trial-provided equipment is
common, and certainly, increased control over and
standardization of trial equipment are likely of benefit at this

stage.

Limitations

Thisisnot to suggest that VR could or should beintegrated into
all, or even most, VCTs. There will be a great variation in the
potential benefits of VR for a given trial, and these should be
alwaysweighed against potential risksand downsides. Already
identified risks of VR in research include privacy and data
security, as well as potential health and comfort risks of
equipment use[27]. Thereare also some VR toolsthat, although
effective, are best experienced while under the direct care of a
health care professional, such as those aimed at addressing
posttraumatic stress disorder [28]. These applications may not
be appropriate for remote use. There may additionally be
populationsfor whom home VR usewill not be appropriate (eg,
individuals with certain neurological conditions). Finaly, as
with al VCT tools, care must be taken to ensure that use
protocols are easy to understand, seamless, and free of
frustrations for participant popul ations.

Conclusions

VCTs and VR have grown up alongside but parallel to one
another. The next steps toward enabling the integration of VR
within VCTs include increasing distributed, site-less research
on VR-based interventions. Indeed, clinical research within the
VR research community itself is still somewhat emerging
[29,30]. Most VR-centric health and medical research is
currently performed in laboratory or medical settings; few
evauation trials have been distributed into individuals' home
contexts. By taking several smaller steps, such conducting more
VCTs evaluating VR-based interventions and using VR tools
as part of traditional clinical trials, the frameworks and optimal
approaches for engaging research participants and integrating
VR into workflows can be developed. As such, we can outline
the pathway moving from site-less VCTs to trials that have a
virtual site, serving as a hub for trial information provision,
interaction with the trial team, administration of assessments,
and more.
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Abstract

Recent advancesin the collection and processing of health datafrom multiple sources at scale—known as big data—have become
appealing across public health domains. However, present discussions often do not thoroughly consider the implications of big
data or health informaticsin the context of continuing health disparities. The 2 key objectives of this paper were asfollows: first,
it introduced 2 main problems of health big data in the context of health disparities—data absenteeism (lack of representation
from underprivileged groups) and data chauvinism (faith in the size of data without considerations for quality and contexts).
Second, this paper suggested that health organizations should strive to go beyond the current fad and seek to understand and
coordinate efforts across the surrounding societal-, organizational-, individual-, and data-level contexts in a realistic manner to

leverage big datato address health disparities.
(J Med I nternet Res 2020;22(1):€16377) doi:10.2196/16377
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Introduction

The emergence of big data platforms is showing promise in
addressing many public health problems, such as predicting and
managing the spread of global infectious diseases by drawing
on real-time data on social media[1,2], empowering people to
monitor their health through wearabl e technol ogies and interact
with health care providers through patient portals [3,4]. Big
data are defined as extensive datasets characterized by 5
Vs—volume (size of the data), velocity (speed at which dataare
collected and processed), variety (types of data), veracity
(trustworthiness of the data), and value (usefulnessfor decision
making), which would require sophisticated computing
infrastructure for storage, management, and analysis [5,6].
Although many are optimistic about big data in bringing
significant improvements to individuals health [7,8], others

https://www.jmir.org/2020/1/€16377

have argued that implementation of big data or health
informatics interventions could increase health inequality [9].

This is because health organizations (eg, hospitals,
nongovernmental organizations, federal public health agencies,
and academic ingtitutions) that want to incorporate the use of
big datain their work with underprivileged groups may arguably
face additional challenges beyond computational complexities.
In addition to the day-to-day data wrangling and predictive
optimization, organizations working in public health also need
to deal with the challenges, such as difficulty in recruiting,
retaining, and obtaining data from population groups that have
suffered disproportionately from disease burden. It is thus
important to consider what are the challenges that impede
underprivileged groupsin achieving equitable health outcomes.
Thisiscritical to the success of deploying big data solutions to
improve the health of underprivileged groups, as they may not
have the resources to access some of the communication
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technologies (eg, wearable gadgets and smartphones) that are
used as apparatus for health data collection, leading to a new
digital datadivide [10].

The objectives of this commentary were 2-fold. First, we have
presented 2 emerging challenges—data absenteeism and data
chauvinism—that could significantly dilute the effectiveness
of big dataand health informaticsinitiativesin health disparities
research. Second, we have argued that organizations involved
in public health work should strive to understand the collection
and use of big datain different contexts and coordinate efforts
across societal, organizational, individual, and data levels to
effectively address health disparities.

The Perils of Big Data: Absenteeism and
Chauvinism

Any attempts to draw on big data to address health disparities
will face enormous challenges. Referring to underprivileged
groups, a recent report by the United States Agency for
International Development in identifying challengesto big data
implementation in resource-poor settings underscored 2 main
obstacles: the quantity and quality of data from the poor [11].
From the get-go, data from the poor are often not represented
because of the lack of cyberinfrastructure in some locations or
the poor might not have access to the technologies required for
their data to be captured. Even if the poor are represented, the
data are often messy and incomplete, and blind faith in these
data points—even if they are voluminous—would lead to biased
results and inaccurate interpretations [12]. These problems
related to the quantity and quality of data are characterized as
data absenteeism and chauvinism, respectively.

Data absenteeism describes an ironic phenomenon of data
scarcity in adata-rich society, where datafrom underprivileged
groups are not represented—or severely underrepresented—in
the databases of health organizations[13]. For instance, a study
on the diversity and representation of racial groups across 51
biobanksin the United States found that compared with the US
census, there were statistically significantly lower enrollment
numbers for Hispanics and Latinos (US census; 18%,; selected
biobanks: 7%), as well as Hawaiian and Pacific Islanders (US
census. 0.2%; selected biobanks: 0.01%) [14]. In another
example, a study using the Healthcare Effectiveness Data and
Information Set (2012-2015) found that in the United States,
lessthan half of Medicare, Medicaid, and commercial insurance
plans reported complete or partially complete data on ethnicity
of their members, although the Affordable Care Act specifically
required population health surveysin federa health programs
to collect and report items on race, ethnicity, and language as
part of the drive to reduce health disparities [15]. In addition,
research has shown that the users of health technologies (eg,
mobile health apps) are more likely to be younger, be highly
educated, and have higher levels of digital literacy skills [16],
and it is not known how represented underprivileged groups
are in health interventions using health technologies.

Thisis amajor issue that has been repeatedly documented as
underprivileged groups may be overlooked or may not have
easy access to big data platforms or devices that are often used
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for collecting data [17], be it social media [18], smartphones
[16], or internet patient portals [4]. Even if accessibility is not
aproblem, the underprivileged groupswould till face additional
barriers. For instance, a study on the use of internet patient
portals by apopulation of diabetic adultsin Northern California
showed that racial minorities were more likely to request for
password reset when accessing internet patient portals and
logged on less, suggesting that even with access, they were still
left behind [19].

Drawing from the ecological perspective of health, there is a
myriad of societal, organizational, and individual factors that
collectively explain why data from underprivileged groups are
not represented [20]. On a societal level, social determinants
(eg, education level and economic and employment status) and
communication inequalities—unequal access to and use of
communication technol ogies—are contributing factors to data
absenteei sm. For instance, underprivileged groups may struggle
with having access to necessities and infrastructure, such as
sanitation, water, and proper housing, and having the latest
digital communication devices may not rank high compared
with these basic necessities. In addition, many of these digital
technologies (eg, wearable gadgets) used for collecting public
health big data may simply be out of reach for groups from
lower socioeconomic position because of the cost factor. From
an organizational perspective, using big data to address health
disparities may be perceived as a costly long-term investment,
and many small health organizations at the community level
that cater to underprivileged groups do not have the capacity
(eg, comprehensive data architecture) or the human capital (eg,
staff who know how best to turn data into insights to benefit
the organization operationally) to do so. On theindividual level,
recent high-profile scandals on misuse of data on social media,
such asthe Facebook-Cambridge Analyticascandal [21], could
further erode trust in health systems.

Data absenteeism has serious ramifications, and it has a
profound impact on underprivileged groups even if the effects
are not visible or tangible in the short run. As government and
public health systems areincreasingly using big datato automate
solutions for decisions pertaining to who would get public
assistance and financial aid, data absenteeism could further
penalize the underprivileged groups. These groups that require
the most financial assistance for health and medical services
would not bein the very system to contribute to the devel opment
of the machine learning algorithmsto identify them and further
deprive them of the assistance they need.

The Perils of Data Chauvinism

The second peril that threatens big data's efficacy in addressing
health disparities is the problem of data chauvinism. Data
chauvinism is the overconfidence that the acquisition of (big)
data alone would be the panacea to health disparities, without
due consideration for ensuring data quality when collecting data
from the underprivileged groups. Clearly, the weaknesses and
cracks of datachauvinism arevisiblein thelight of some of the
failings of high-profile projects, such as the Google Flu Trend
(GFT) study, which overestimated the prevalence of flu
compared with the Centersfor Disease Control and Prevention’s
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(CDC) estimatesfrom traditional reportsfrom laboratories[22].
Certainly, quantity is not synonymous with quality, as
fundamental threatsto validity and reliability, such asdatanoise,
confounds, and spurious rel ationships, needed to be accounted
for when designing big data research and solutions. In the
context of health disparities, the efficacy of big datain building
models to predict outcomes may come under threat because of
biases, such as self-selection and the lack of generalizability,
resulting in overfitting of data[23].

As machine learning algorithms are typically trained on a
training set before being applied to the test set, if there are
inherent biases—reflected in the absence or incomplete data—in
the training set, it would severely compromise the quality and
accuracy of the prediction outcomes. Such instances of
quantified discrimination have real-world repercussions and
may further punish the underprivileged groups. In Indiana’s
experiment with welfare eligibility automation, some from the
underprivileged groupslost their M edicaid benefits becausethe
algorithms wrongly diagnosed them as failing to cooperate,
thus disgualifying them from receiving the benefits [24].

Toward Understanding Big Data in
Context

Recognizing the twin perils of data absenteeism and data
chauvinism in the context of big data use for health disparities
research, what steps could organizations take to address them
considering that many are moving toward the integration of big
data solutionsinto their system? There are no obvious and easy
solutions, but we suggest that health organizations should strive
to go beyond solely cultivating computational competency and
consider societal-, organizational-, individual, and data-level
contexts when implementing big data research and solutionsto
address health disparities to avoid the pitfalls of data
absenteeism and data chauvinism.

Societal-Level Context: Addressing Social
Determinants and Communication
Inequalities

First, to combat data absenteeism and data chauvinism when
designing big dataresearch or health informaticsinterventions,
health organizations should seek to wunderstand how
societal-level contexts, such as socia determinants and
communication inequalities, are barriersto the underprivileged
in reaping the benefits of big data. In the context of interventions
using smartphones or wearable gadgets, researchers need to be
mindful that providing access to digital devices does not fully
remove structural obstacles for the underprivileged groups.
Apart from the costs of purchasing digital devices, the poor
would need to bear additional recurring costs that are often
minute from the perspective of the average working class. These
areknown as connection maintenance costs [ 25], and they could
be the time, energy, and money that the poor need to maintain
the connection to digital devices. One example of such costs
could be ensuring that billsare paid on time to ensure continuous
internet or phone connectivity, which previous research has
documented as the key impediment to successful adoption of
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electronic health (eHealth) interventions [26]. In addition,
wearable gadgets and health apps often work best on the latest
operating systems, and if the poor are not able to spend more
money to get the latest gadgetsto obtain the latest updates, they
would be systematically left out. Without consideration for these
costs, studies have shown that even with the provision of
technology and internet access, the underprivileged groups still
faced significant barriers in taking advantage of big data and
new technologies that would significantly improve their health
[27] if they are unable to pay for continuous access. Studies
have documented that when the underprivileged groups were
unable to pay their phone bills, it had severe ramifications, as
frequent changes in phone numbers would result in disrupted
care, leading to missed appointments and important paperwork
(eg, insurance claims) deadlines [25].

To alleviate these latent costs, researchers should be mindful
to factor in an additional budget to reduce the connection
maintenance costs borne by the underprivileged groups, such
as covering their cell phone bills for health app interventions.
For instance, in a study examining health information seeking
habits among the underprivileged groups, the researchers
conducted arandomized controlled trial to examineif provision
of home computers, broadband internet access, training in
computer use, and a Web portal designed for low-literacy
populations would significantly improve internet use[13]. The
results showed that participants in the intervention group (ie,
those who received computers, internet access, computer
training, and a Web portal) were more likely to use the internet
compared with the control group. This demonstrates that when
researchers are mindful in addressing hidden costs (eg, billsfor
internet connection) that participants need to bear to be a part
of big data research projects, it would significantly reduce
structural barriers that prevent them from fully engaging with
the research.

Organizational-Level Context: Forging
Strategic Data Alliances

Next, one of the key strategies for health
organizations—regardless if they are well resourced or not—is
to take active steps to forge strategic data alliances with other
organizations that leverage their comparative advantage and
circumvent their own organizational constraints. For instance,
although large health ingtitutions may have the resources to
implement big data solutions and research, they may not be as
effective as community health centers in reaching out to the
poor [28]. Small health organizations (eg, community health
centers), on the contrary, may not have the necessary training
or infrastructureto use big data. A recent study examining rural
public health system leaders data needs in Alaska, ldaho,
Oregon, and Washington found that they were ill equipped in
datamanagement and had limited experience with dataanalysis
[29]. However, they would be valuable to large health
organizations because of their access, experience, expertise,
and relationship of trust established with the underprivileged
groups [30]. Although thisis easier said than done, there are a
few practical waysto do this:
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« Create Communities of Practice (CoP) where health
organizations could come together periodicaly (eg,
annually) to share best practices of big data use in
addressing health disparities, their challenges, and identify
strategies to engage the underprivileged groups.

- Through the CoP, build a mentorship culture where
personnel from organizations that are further along in their
big data journey could mentor staff from health
organizations that are getting started using big data for
health disparities.

One potential example of a CoP is the recent launch of a US
$100 million initiative by the Rockefeller Foundation and other
global health partnersthat aim to specifically empower frontline
community health workers with the most affordable and latest
innovations in data science for improving health [31]. Part of
theinitiative would entail creating aknowledge and datasharing
network where partnering countries could tap into aglobal team
of data science experts committed to sharing of technical
expertise and resourcesin the context of improving community
health.

Individual-Level Context: Building Trust
With the Underprivileged Groups

Recognizing that issues of privacy violation, loss of
confidentiality, and data abuse [32] are some of the reasons at
the individual level for mistrust and cynicism in how big data
are used in the health care system, it is crucia that health
organizations prioritize  establishing trust with the
underprivileged groups. To do so, health organizations should
strengthen communication efforts such that literacy support
should be provided for any informaticsintervention [9], and the
tangible benefits to participants and their communities should
be made clear without jargon. Previous research that used
eHealth interventions in community settings with people from
underprivileged groups found that in-person presentations and
personal contact with community members and organizations
were the most effective in recruitment and participation [26].
In other words, the design of health big data research should
incorporate people-powered data collaboratives, where end
users or beneficiaries of health big data should be treated as
stakeholders and brought to the table from the get-go to give
them astakein deciding how and when their data could be used
on their own terms [33]. Eliciting a higher degree of
participation and engagement from the underprivileged groups
would strengthen relationships and cultivate a group identity
and possibly a sense of belonging [34], thereby enhancing
greater trust.

An example of thisisthe All of Usresearch program led by the
National Institutes of Health in the United States, which aims
to gather lifestyle, environmental, and biologica
data—Electronic Health Records (EHRS), blood samples, and
information from wearables and surveys—from 1 million or
more peoplefrom diverse groupsin the United Statesto improve
biomedical research to advance health [35]. To improve trust
with participants, researchers provided participants access to
their own data and the results of any laboratory tests they
undertook [36]. In addition, the researchers sought participants
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feedback (in addition to experts) when drafting guidelines and
frameworks on how the data could be better communi cated with
others.

Data Context: Prioritize Science Over
Data in the Use of Data Science

Although understanding societal-, organizational-, and
individual-level contextswould address data absenteei sm, what
can researchers do to avoid falling into the trap of data
chauvinism? Ultimately, researcherswithin health organizations
should prioritize scientific rigor in their use of data. There are
3 practical waysto do so. First, researchers should balance the
apriori rigor of scientific inquiry with a data-driven paradigm
and understand the context in which one would perform better
than the other. The a priori scientific inquiry is the traditional
scientific hypothesis testing approach where researchers first
develop a set of research questions and hypotheses and set out
to mine data to verify their assumptions. The data-driven
paradigm draws much from existing machine learning
approaches that seek to mathematically detect patterns in the
data through the process of data wrangling, as well as refining
algorithms from training datasets so that it could effectively
predict outcomes [23]. Although there is nothing inherently
wrong with this data-centric method, the danger of the current
big data hype is the move toward a puritanical pursuit of being
data driven at the expense of crowding out subject or domain
expertsor common sense. |nthe case of GFT, perhapsby taking
astep back and asking the fundamental question of how reliable
search querieswerein serving asleading indicators of realities,
it might attenuate the way the Google engineers thought about
designing the algorithms and thus avoid the serious inflation of
results.

Second, part of emphasizing the rigor of scienceisto consider
datafrom multiple sources. After all, big dataare not only about
the volume but also the variety of sources. Inthe GFT example,
one of the pitfalls was implicit algorithmic snobbery, where
data and algorithms from Google were treated as superior
compared with lagged datafrom the CDC. If, in thefirst place,
the Google algorithmswere dynamically recalibrated with CDC
data (despite their limitations), it could have avoided the
problem of overestimation [22].

Finally, health organizations should take steps to implement a
data quality assessment framework, where researchers could
evaluate their datain the context of the big questions on health
disparities they are addressing. In this data quality assessment
framework, researchers should go beyond addressing questions
on why or what variables have missing values and aim to answer
how effective the data are in helping researchers address the
root causes of health disparities. For instance, although the
application of machine learning and artificial intelligence
algorithms on EHRs may tell us which patients from
underprivileged groups are more likely to get readmitted to
hospitals for the same problem, the data would not empower
health care providers to assess how best to alleviate the
conditions to prevent readmissions. Thus, a rigorous quality
assessment of big data in health disparities should guide
researchers from simply asking, “what can these data tell us’
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to “how can these data points reduce disparities and what
additional datawould be required?’

Conclusions

The potential to actualize the promises of big datain bridging
health disparities to some extent is contingent on health
organizations efforts to address data absenteeism and data
chauvinism. Although there are no easy solutions, it is crucial
for health organizations to be keenly aware of both problems
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and develop a firm contextual understanding as well as
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fundamental paradigm and attitudinal shifts within health
organizations. Ironically, successful big data use in health
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dataitself and to beintentionally inclusive so that no oneis|eft
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beneficiariesin the data revolution.
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Abstract

Open data is information made freely available to third parties in structured formats without restrictive licensing conditions,
permitting commercial and noncommercial organizations to innovate. In the context of National Health Service (NHS) data, this
is intended to improve patient outcomes and efficiency. EBM Datal ab is a research group with a focus on online tools which
turn our research findings into actionable monthly outputs. We regularly import and process more than 15 different NHS open
datasets to deliver OpenPrescribing.net, one of the most high-impact use cases for NHS England’s open data, with over 15,000
unigue users each month. In this paper, we have described the many breaches of best practices around NHS open data that we
have encountered. Examples include datasets that repeatedly change location without warning or forwarding; datasets that are
needlessly behind a“ CAPTCHA” and so cannot be automatically downloaded; longitudinal datasets that change their structure
without warning or documentation; near-duplicate datasets with unexplained differences; datasets that are impossible to locate,
and thus may or may not exist; poor or absent documentation; and withholding of data for dubious reasons. We propose new
open waysof working that will support better analyticsfor all users of the NHS. Theseinclude better curation, better documentation,
and systems for better dialogue with technical teams.

(J Med Internet Res 2020;22(1):€15603) doi:10.2196/15603
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adopted the 5-star scheme from Tim Berners-Lee for assessing
the extent to which datasets are truly reusable: thisrangesfrom
unstructured proprietary documentsthrough to fully linked data

Background

Open dataisbriefly defined as datathat anyone can access, use,

modify, and share; moretechnical definitionsare available from
various sources [1]. Open data must, therefore, be shared in the
public domain or provided under an open license, accessible
and downloadable without charge, provided in a form that is
machine readabl e, and provided in an open format, which itself
places no restrictions on use.

The UK government haslong recognized that simply publishing
datais, in itself, not sufficient to meet these criteria and also
not sufficient to drive change and innovation. The 2012 Open
Data White Paper set out 14 information principles declaring
that data should be easy to find, available without registration,
and accompanied by meaningful descriptive text, alongside
various other more technical recommendations [2]. It also

https://www.jmir.org/2020/1/e15603

in nonproprietary formats with uniform resource identifiers.
Although a swathe of data has been licensed appropriately for
free reuse, the more detailed principles outlined in the White
Paper have not been consistently adopted.

TheNational Health Service (NHS) in England haslong agreed
that transparency can lead to better outcomes for patients and
taxpayers [3,4], and the Department of Health first requested
publication of some prescriptions data as early as 1998 [5].
However, to our knowledge, there has been very little work
describing how open health data are used in practice by NHS
analysts, industry, or health researchers; and no prior work on
the barriers was encountered.
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Our group develops and maintains OpenPrescribing.net, an
onlineand publicly accessibletool, to help usersexplore highly
granular NHS primary care prescribing open data. It is widely
used with over 15,000 unique users each month. Its users are
predominantly from within the NHS, but industry and patient
groups are also well represented. In England, the planning and
commissioning of health care services for each local area is
carried out by Clinical Commissioning Groups (CCGs), who
alongside NHS England commission primary care servicesfrom
individual general practitioner (GP) practices. GPs have
considerable freedom in prescribing behavior, with the costs of
prescriptions usually being borne by CCGs. The transfer of
money from CCGsto pharmacies (and other organizations) who
dispense prescriptions to patients is mediated by the NHS
Business Services Authority (NHSBSA), which processes all
prescribing transactions to determine correct payments. The
NHSBSA is, therefore, also responsible for converting data
submitted from pharmaciesinto a standard format. Although it
exists for an economic purpose, the existence of this very
high-quality dataset provides a unique opportunity to find ways
to improve the quality, safety, and cost-effectiveness at all
individual GP practices across England. Our tools support
complex bespoke data queries alongside numerous predefined
standard measures for safety, cost, and effectiveness. In total,
92.1% (176/191) of CCGsare signed up to monthly aerts, which
automatically identify high-priority action items. We have
published peer-reviewed research showing that prescribing is
substantially improved in practices and CCGs where
OpenPrescribing.net data are accessed [6].

OpenPrescribing.net isbuilt on top of datathat aretheoretically
publicly accessible. We have repeatedly encountered
time-consuming barriersto accessing and processing these data.
In this paper, we have described some of these barriers and
made recommendations on how the NHS could share datamore
effectively.

The views set out below are informed by our technical work
building OpenPrescribing.net but also by our broader
background. The Datalab at the University of Oxford isamixed
team of software engineers, clinicians, academics, and analysts
turning NHS data into tools and services to directly improve
patient care. We aim to pool skills and combine best practices
from software engineering and academia, producing open source
software, open prototypes, and open workbooks. On GitHub,
under open licenses, we have shared 44,000 lines of codein 34
public repositories with over 5000 commits; 850 Python files;
105 Structured Query Language (SQL) files containing 4600
lines of SQL; 140 Jupyter notebooks; and over 1000 GitHub
issues, each containing detail ed descriptions of specific problems
we have encountered and their technical solutions. Many of us
have also worked previously in organizationsthat promote open
access to knowledge. In more concrete terms, as reference to
our experience of working with NHS open data, at least 8
different datasets must be located, downloaded, converted,
normalized, interpreted, combined, and then processed to create
even 1, apparently smple, mapped insight on
OpenPrescribing.net: “over the past 5 years, NHS North
Cumbria spent £63,000 on Linaclotide”

https://www.jmir.org/2020/1/e15603
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In the following section we have described a range of barriers
we have encountered in accessing NHS open data. For each
problem domain we describe the datasets we are aiming to
access, the barriers encountered, and some suggested solutions
that would make the data usable and impactful.

Problems With the Prescribing Data Itself

Each month, we download and process prescribing data for
NHS England. The best practice [7-9] is that this should be
easily discoverable, accessible without human intervention,
made available at addressesthat do not change, and documented
so the relevant concepts are clearly explained. None of these
are entirely true of the prescribing data.

For example, consistently locating the data is difficult: both
initially and on an ongoing basis with each new month of data.
Thefirst challengefor aconsumer of thedatais picking adataset
to use. A total of 2 very similar datasets are published by 2
different organizations: NHS Digital, and NHSBSA. The NHS
Digital dataset is published on thefirst Friday of the third month
after data collection, whereas the NHSBSA dataset is usualy
available 6 weeks following data collection. Neither of these
datasets reference the other in their documentation, and we have
found no singlelocation that identifies them as complementary
SOUrces.

Until 2017, we used NHS Digital’s version (known as practice
level prescribing data), simply because thisisthe easiest to find.
For 2 years we retrieved the data from NHS Digital’s data
repository [10] but that link broke during 2018; following a
content reorganization, it isnow available on anew NHS Digital
website[11]. Complicating easy discovery of this dataset isthe
fact that it isalso listed in NHS England’s Data Catal ogue but
only with data up to May 2016 [12]. Every time the location of
the data changes, it breaks the software we have written to
automatically download it.

The version that we have used since 2017 is known as Practice
Detailed Prescribing Information (PDPI) and is published by
NHSBSA on their Information Services portal [13]. Thedecision
to switch to using that dataset was driven by itstimeliness: the
monthly rel easeis available much sooner than the practice level

prescribing data. However, it isdifficult to use. First, the dataset
isonly accessible after completing aCAPTCHA, which means
automating the download process is impossible: every month
a software engineer has to manually fill out aform (Figure 1).

Second, although documentation is provided for PDPI, the
documentation isincomplete: it refersto fieldsthat do not exist,
and does not refer to 15 fields that do exist [14]. Finally, to our
surprise, we read in anewsletter from NHSBSA that theversion
of the data on their Information Services portal would be
replaced by a new system in December 2018 [15]. We have
since established that nothing will change for the time being
for end users but were surprised there was no public consultation
about the possibility. Changing our systems to support a new
location (and potentially format) could conceivably take several
weeks and early warning for this kind of change is essential.
Textbox 1 outlines some steps that could be taken to improve
access to data.
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Figurel. CAPTCHA form for National Health Service Business Services Authority Practice Detailed Prescribing Information dataset.

Guest Login

If you are not carrying out an NHS role, use Guest login to see a limited view of

the data
Type the code shown in the picture

[ped®d

Textbox 1. How access to data could be improved.

« Nopublicly available data should be protected behind a CAPTCHA.
«  Each dataset should have every field documented.

new locations.

listing al current prescribing data resources.

«  Every resource should have a consistent location (URL or machine-readable dataindex) for finding current data.

« Interna reorganizations should not result in these URLs being deleted; if they are superseded, old URL s should be kept and set up to redirect to

«  Whenthereisaplan to relocate or change datasets, this should be advertised and documented well in advance.

« It should be easy to find al current prescribing data resources and to pick the most appropriate one. For example, there could be a single place

British National Formulary Names

Each prescriptionisidentified by a“BNF Code”: thisistypically
15 characters long and uniquely identifies a presentation of a
drug. For example, the code for Tramadol HCI 300 mg tablets
is 040702040AAAMAM. To make prescribing data useful for
analysts, al the British National Formulary (BNF) codes must
be converted to human-readable BNF names. Data to support
this are published by NHSBSA (behind another CAPTCHA)
on the Information Services portal [16].

The coding scheme is based on the BNF's old classification,
which they nolonger maintain themselves. Therefore, the NHS
altered version is properly known as the “Pseudo BNF
Classification” [17]. Changes to BNF coding take place
throughout the year, with a large reclassification process

happening every January, when some drugs are moved between
BNF sections or BNF chapters, and others are given entirely
new BNF codes. Thisreclassification processis not mentioned,
let alone described, anywhere we can find on the internet. The
process by which the BNF file is updated is unclear. Although
we know a major revision is published every January, minor
revisions are also published monthly, but auser would not know
this because the data download page only refers to the January
editions (Figure 2).

The fact that some BNF codes change over time makes
time-based analysis of data difficult. For example, a user
searching for Linaclotide, using its current BNF code, will find
no prescribing before 2014. Thisis because the drug was moved
from BNF section 1.2: Antispasmod. & Other Drgs Alt. Gut
Motility to BNF paragraph 1.6.7: Other Drugs Used In
Constipation, and its BNF code changed accordingly.

Figure 2. British National Formulary Code data |abeled available in November 2018.

Version

01-01-2018: 74

01-01-2018 : T4
01-01-2017 : 72

01-01-2015: 68
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As there is no mention that such changes are possible on the
internet, we first inferred this was the case following user
enquiries about apparently disappearing drugs. Following direct
enquiries, we now obtain a spreadsheet detailing the changes
every January by emailing NHSBSA directly and apply thisto
the imported prescribing data. By comparing the pseudo BNF

Bacon & Goldacre

code lists each month, we have inferred that codes also
sometimes change mid-year but have not yet obtained access
to theseindividual changes on a monthly basis[18]. Textbox 2
describes some of the ways the NHS could aid public
understanding of BNF code changes.

Textbox 2. How British National Formulary change management could be improved.

«  Published, open data should never be protected behind a CAPTCHA.

«  BNF code changes should be published monthly as a mapping.

users to subscribe to be notified of new releases.

«  Thefact that the British National Formulary (BNF) scheme changes regularly should be documented.

«  There should be asingle, obvious channel for data consumers to query possibleissuesin the data.

» Each datarelease should be clearly labeled on its index page, so users know when a new version has been released; there should be a way for

Practice Data

To include patient list size in our analyses, and show practice
names and addresses, we looked up extra information in a
dataset provided by NHS Digital. Theformat of this dataset has
not changed since 2015; however, we have encountered regular
problems with its location changing, which has prevented us
from fully automating this monthly process.

Until 2018, our procedure was to automate a search for the
phrase “Number of Patients Registered at a GP Practice” on
the NHS Digital website and then look for datasets in the list
of results returned. From July onward, the data were moved to
adifferent location. In addition, the format of the dates within
the file changed between June and July. The location has
changed twice more since then. All these changes mean that it
is common for the code that automatically imports practice list
information to break and to require manual input.

Once practice data were obtained, we encountered difficulties
with data quality. In general, the data provided by NHSBSA
are of ahigh standard. However, there is no documentation for
several known recurring errors and no way to report and correct
them systematically.

For example, it is important to know whether an ingtitution is
a standard GP practice or a different kind of institution (eg, a

Textbox 3. How practice data quality and accessibility could be improved.

homeless service or a drop-in center). However, in the data
provided, there is a small but significant number of obvious
errors in coding, such as classification of care homes[19] and
violent patient services [20] as standard settings. When we
gueried these problems, we were informed that errors can only
be corrected by CCGs themselves; however, they were unable
to provide us with CCG contact details to contact these
organizations ourselves systematically and notify them of the
need to make these corrections to their own data. It is also
unclear if there is any part of the NHS that considers itself
responsible for maintaining accurate datain this area.

Asafinal example, this problem is further compounded by list
size data that regularly appears to contain fictional values.
Sometimes we identify practices that have prescribing at
improbable levels, far exceeding their total number of patients
[21]. These may be data entry errors but sometimes appear to
be caused by an unusual design of the data specification: when
anew practiceisregistered, the NHSBSA proforma states that
alist size must be given, which can be “nominal” but must be
under 100 [22]. Our interpretation of thisisthat any list size of
lessthan 100 must be considered arbitrary and cannot berelied
on. This interpretation may be wrong but is our best guessin
the absence of documentation. The best practice for data
management is that missing values should be clearly coded as
such. Textbox 3 contains further suggestions for aiding
consumption of practice list size data.

« All data should be published in a predictable format and location.

e “Nomina” values should not be used: missing values should be clearly coded as “missing.”
«  Wherethere are systemic issues with data quality, these should be documented.
«  There should be a clearly documented and centralized system for reporting and correcting errors in the data.

«  Datastewards should take responsibility for collecting error reports and aim to correct them.

Clinical Commissioning Group Codes,
Boundaries, and Membership

To analyze data at a CCG level, we need to aggregate the
per-practice data up to CCG level. The source data provide a

https://www.jmir.org/2020/1/e15603

CCG for each row, so thisis straightforward for contemporary
data
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Maps

We show CCG boundaries on maps in various places in
OpenPrescribing.net: an example in Figure 3 shows unusually
high prescribing of pericyazine, a very unusual antipsychotic,
in Norfolk. Until 2017, we obtained the map data from NHS
England [23]. This was updated occasionally; on one occasion
it was supplied in a different format from usual, so we had to
alter our software accordingly. In 2017 it became apparent that
this map was no longer being kept up to date with changesin

Bacon & Goldacre

CCGs. Wefound anew file provided by the Office for National
Statistics (ONS) [24], which was up to date. For some time,
both mapswere avail able. During this period, the NHS England
map was 2 years out of date, and with no indication there was
a more up-to-date map in a different location. Eventually, the
NHS England version disappeared from thewebsite. The current
ONS map appears to be accurate but, unlike the NHS England
one, does not include a CCG identifier, so a separate datafile
is needed to associate CCGs with their boundaries; again, the
fileissupplied with no clear indication of where such amapping
can be found.

Figure 3. Prescribing of pericyazine as a proportion of al antipsychotics across al Clinical Commissioning Groups in England, as displayed on

OpenPrescribing.net.
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Clinical Commissioning Group Practice
Membership Changes

Our per-practice data provides a practice's CCG membership
for the current month. However, historic analysisis complicated
by the fact that practices often change CCGs, CCG boundaries
sometimes change, and CCGs often merge. In 2017, for
example, the boundary between NHS Cumbria and NHS
Morecambe Bay changed. We were able to infer from the data
that 32 practices moved to Morecambe Bay as aresult [25].

The problem that a practice may move between CCGs is
addressed in the OpenPrescribing.net software by projecting
the practice’s current CCG membership back in time: for
example, a prescription dispensed in 2012 is allocated to
whatever CCG that practice currently belongs to. This works
well in most cases but becomes complicated when a practice
has closed. In the case of Cumbriain April 2017, 5 practices
had closed before the boundary change; these are, therefore,
not reflected in current CCG membership data. Thisleavesthe
problem of which CCG to attribute them to: their patients have

https://www.jmir.org/2020/1/e15603

RenderX

not disappeared, just moved, but it isimpossible to find out or
infer where they were moved to because the information about
what happens to a practice’s patient list on closure is not
available as data.

Our own research has established that when a practice closes
(or merges), it must fill out at least two nearly identical forms
to notify the prescription pricing division of NHSBSA [26] and
Primary Care Support England (PCSE) [27]. We requested any
dataresulting from both these formsin Freedom of Information
(FQI) requeststo the respective organizations[28,29]. NHSBSA
informed us that “Prescriber and practice/cost centre
amendmentsare only held as paper forms,” and PCSE eventually
supplied us with a spreadsheet that appeared to bear little
relationship to real closures[30]. Asaresult, every April (when
boundary changes happen), our developers have to make
educated guesses about which contemporary CCGsthe patients
of aclosed practice now belong to, and at apractice level, there
is nothing we can do to amend the data correctly [25].

Textbox 4 provides some suggestions on how the quality and
accessibility of mapping data could be improved.
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Textbox 4. How National Health Service mapping data could be improved.

Bacon & Goldacre

«  Mapfiles should be published in asingle, easily found, permanent location to aregular schedule.

«  They should be published alongside (or indicate the location of) files supporting mapping to standard National Health Service (NHS) clinica

commissioning group (CCG) codes as used in prescribing data.

«  Their format should stay constant over time where possible.

«  Practice merger and closure data should be published, showing where and when practice lists have transferred.
. Evenif thisisnot possible, the problem of tracking historic prescribing behavior via practice codes should be clearly documented.

« We are unclear as to the value for the NHS of a system that requires CCGs to notify NHS England of practice changes but then leaves the

information on paper.

What Does “Quantity” Mean?

A single row of prescribing data includes a column denoting
the quantity of the item dispensed. For example, in the case of
paracetamol tablets, a “quantity” of 25 means that 25 tablets
were dispensed. Thisfield is used in most of our analyses. For
example, our price-per-unit tool [6] identifies possible savings
by comparing the price of dispensed drugs between practices
nationally, at a “quantity” level. However, a consistent and
precise definition of what “quantity” means for each product
has been elusive [31]. For example, the NHS Digital glossary
[17] defines quantity as follows:

The quantity of a drug dispensed ismeasured in units
depending on the formulation of the product, which
is given in the drug name. Where the formulation is
tablet, capsule, ampoule, vial etc. the quantity will
be the number of tablets, capsules, ampoules, vials
etc. Where the formulation is a liquid, the quantity
will be the number of millilitres. Where the
formulationisa solid form (eg. Cream, gel, ointment),
the quantity will be the number of grammes.

However, this definition is not sufficiently precise for use in
statistical analyses. For example, it is not obvious if a foam
should be classified as a liquid or a solid. Further extensive
investigation uncovered the existence of a “standard quantity
unit” field for every product, which defines the property
precisely. However, it can be found only in one place, the
monthly prescription cost analysis spreadsheet [32] and is not
mentioned anywhere outside that dataset. This useful column
was removed without warning in the datafrom December 2018
onward.

Textbox 5. How the meaning and quality of datasets could be made clear.

Even when the standard quantity unit for a presentation is
known, the definition of quantity sometimesvaries, for example,
between “dose” and “pack.” During development of our
price-per-unit tool, we found a number of products where the
highest price was orders of magnitude outside the normal range
[33]. Items dispensed in packs of 56, for example, were
sometimes being recorded as a quantity of both 1 or 56.

An NHSBSA glossary has thisto say on the matter: “Where a
product ispackedin a'specia container'...in some circumstances
[our emphasis] theseitems show quantity asthe number of units
supplied ie 1 or 2 even though a pack may contain 56 tablets’
[31].

Itisnot clear from this statement if variation in the meaning of
“quantity” for asingle presentationisintentional, or accidental.
We raised specific examples with NHSBSA, and this led to
some of these figures being corrected retrospectively, but in
other cases, weweretold “work isunder way to review thisand
agree away forward.”

Errors in data are inevitable and to be expected. Overal, the
NHSBSA dataset is remarkably free of errors. However, as
analystswe need to understand where errorsare and, if they are
systematic, where, and how often we can expect them to appear.
Thedetailed investigative analysis required to understand these
data delayed the launch of our price-per-unit savings tool by
several months. This kind of delay has real-world effects;
published peer-reviewed data show that the tool saves CCGs
millions of poundsayear [6]. Textbox 5 summarizes someways
the meaning and quality of published datasets could be
improved.

in 1 place.

« By default, al prescribing data used internally at National Health Service Business Services Authority should be made available and described

« All data should be accompanied by clear, user-focused documentation about the meaning of each field.

«  Wherethere are known problems with the data, these should be documented clearly and transparently.

How Can We Contact Practices by Email?

During 2017, we set out to conduct a simple, low-cost
randomized trial: we notified GPs of cost-saving and quality
improvement opportunitiesin their prescribing and are currently
measuring theimpact of this notification on their behavior. The

https://www.jmir.org/2020/1/e15603

intervention was split between 3 methods of communication:
letter, email, and fax. We assumed there must be at least one
central NHS database of practices’ email addresses; for example,
NHS England emails a monthly GP practice bulletin to GP
practices. We knew there might be problems making this public,
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but we were also surprised by how difficult it was to find out
if the database existed at all.

First, we checked WhatDoTheyKnow, a publicly accessible
archive of requests made under the FOI Act for any past FOI
requests for GP practice contact information. We found NHS
England had refused a similar request for practice information
stating that “NHS England does hot hold information in relation
to your request” [34]. We knew thiswas unlikely to be correct,
SO we sent a new request asking specifically for the contact
detailsfor the GP practice bulletin, which we knew was emailed
to practicesby NHS England [35]. The response acknowledged
the existence of alist and recognized there is“ageneral public
interest in the release of such information in-line with NHS
England’s commitment to openness and transparency.”

However, the request was refused under 2 of the allowed
exemptions in the FOI Act. The first was section 40 (an

Bacon & Goldacre

exemption relating to personal information). They argued it
would be unfair to staff, who had signed up for one purpose, to
be contacted for another purpose. The second was section 43
(an exemption relating to commercia interests). This is
apparently because some of the GP email addresses had been
purchased by NHS England from a third party under alicense
that forbids the NHS to share the information.

Having failed with one database we knew to exist, we made
requests to every public body that might hold a database of GP
email addresses. We preemptively included an argument that
section 40 should not apply as these are work email addresses.
All were refused, with similar arguments to those from NHS
England or invoking section 21 (the information was already
available—which isincorrect) or stating that they did not hold
the information. The responses are summarized in Table 1.

Table 1. Summary of responses to Freedom of Information requests for general practitioner’s email addresses.

Body

Reasons for not supplying the data

Department of Health and Social Care

NHS? England (new request)

NHS England (follow-up)

Medicines and Healthcare Products Regulatory Agency
NHS Business Services Authority

NHS Digital

Information not held [36]

S21 [34]

40 [34]

S21, $40, $43 (their own commercia interests) [37]
S21, $40, 43 [39]

S21 and information not held [39]

3NHS: National Health Service.

In our view many of the responses gave the impression of an
organization actively seeking ways to refuse releasing this
information. NHSBSA argued that providing email addresses
would damage commercia interests because it decreases
security: “ Thee-mail addresses could be used by cyber criminals
to target practices, CCGs etc. If such an attack was successful
it could result in financial lossand/or loss of patient data.” This
strikes us as an extremely unrealistic concern. The notion that
hiding information intrinsically increases security hasbeenlong
debunked in the security research community, whereit isknown
disparagingly as“ security through obscurity;” and in any case,
the email addresses are all available through commercia data
providers. Furthermore, most GP practices would expect to be
contactable through email by their patients.

We were eventually able to run the randomized controlled trial
(RCT) but only at greatly increased cost. We sent FOI requests
toall 201 CCGs[40], of which 29 agreed to share at |east some
emails. We also wrote code to download data from the NHS
Choices website. Finally, we combined our results with the
commercial dataset that we purchased. Inthe end, we got emails
for 27.0% (190/703) of practicesfrom the NHS Choiceswebsite,
7.9% (56/703) from our FOI requests, and the remainder from
acommercia provider. Notably, the email addresses purchased
from acommercial vendor were apparently higher quality than
those available directly from NHS resources: where we obtained
an email address commercialy, 18% (86/474) of practices
accessed an email link versus 11% (23/211) for email addresses
we obtained from other sources.

https://www.jmir.org/2020/1/e15603

In summary, the reasons given for not supplying email addresses
were inconsistent and sometimes hard to fathom. We believe
the section 40 exemption (that it is unfair to individuals to
release this data) is overused: given these are work addresses
for managers, there would be a strong case for their release,
based on current FOI guidelines. At the very least, given that
33% (66/201) of CCGswerewilling to provide email addresses,
the exemption is very unevenly interpreted and applied. We
also understand that the vast mgjority of practices have ageneric
nhs.net inbox, which would certainly be exempt from section
40, but a list of even these email addresses is apparently
unavailable.

Ultimately, it should not be difficult for researchers, health
professionals, or indeed the public to have away to contact any
GP practice by email; and until thisisthe case, it should not be
difficult (as it currently is) for a data consumer to establish
definitively that there is no such resource. The problems we
had assembling these data delayed the start of our RCT by
several months. This delay indirectly affects care, as there is
currently limited research available about how information is
best disseminated through the NHS. We aso note that the
Secretary of State for Health and Social Care has prominently
promoted the principle of using emailsfirst, rather than letters,
to communicate in the NHS. This is made harder if NHS
organizations themselves are failing to make email addresses
easily available, or actively blocking access. Textbox 6
summarizes the steps we suggest could be taken to address this
problem.
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Textbox 6. How to make it easier to contact general practitioners.

Bacon & Goldacre

«  Thereshould beacontact database for general practitioner practice managers, including email addresses, which isavailableto the public. Currently
the choice to make an email address public is taken by practices alone.

« Inthe meantime, to save time and effort on the part of users of the data and NHS bodies, the fact that it is currently unavailable should be clearly
documented in a single place, with an explanation, and suggestions for alternative sources.

What Are Historic Drug Tariff Prices?

For prescriptions written in primary care in England, the NHS
reimburses community pharmacies for the medicines they
purchase. The reimbursement price for generic medicinesis set
monthly by the Department of Health and Social Care (DHSC)
in the NHS Drug Tariff. Price changes in the Drug Tariff are a
major source of variation in costs for CCGs. In addition, the

DHSC grants temporary excess rates in the form of price
concessions every month, which can have sudden and
unexpected effects on costs. We set out to create a tool on
OpenPrescribing.net for tracking these changes over time and
modelling the cost impact of new price concessions for each
CCG using their past prescribing behavior (Figure 4). By
processing the data as soon as it is published, we can provide
email alertsto CCG budget holders warning them of upcoming
price pressures.

Figure 4. Tariff prices and projected cost impact of price changes for Levetiracetam as on OpenPrescribing.net.

Tariff prices for Levetiracetam 500mg tablets

- -

Price (E)

X}
-

ol |
1
]
1

Ociober 2012

« Levetiracetam 500mg tablets 60 tablet: £8.66 (Part VIIIA Category M)

(@=m | =vetracetam 300mg tabiets 60 f2biet

The tool was relatively easy to build. However, we could only
build it after a large amount of difficult research and manual
dataediting. First, the datamust be combined from spreadsheets
found on 2 totally different websites, although both ultimately
originate from DHSC. Second, each spreadsheet refers to the
information in a different way, and they both provide separate
files of data each month whose formats change over time.
Finally, they are archived inconsistently, which makes it hard
to locate historic data.

Finding the most recent dataisrelatively easy. Drug Tariff data
are provided by the NHSBSA in a single location, which
provides monthly spreadsheets for the last 2 years of the Drug
Tariff [41]. Inthesedata, every product is supplied with aunique
Systematized Nomenclature of Medicine (SNOMED) code,

https://www.jmir.org/2020/1/e15603

RenderX
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which we can use to map to our prescribing data. Price
concession data are published by the Pharmaceutical Services
Negotiating Committee [42]; however, these data are supplied
without SNOMED codes, which means the products must be
matched to prescribing data by name only. This is hard to
automate because the names often deviate in subtle ways (eg,
“sgcm” vs “sguarecm”).

To find earlier datasets for previous years, we turned to the
NHSBSA FOI archive [43]. The Web page has no search
function, so we had to review al the content in the archive
manually. We found 2 ZIP files of Excel spreadsheets in 2
different FOI requests[44,45]. These had gapsintheir coverage.
With educated guesses around filename and location, we were
abletofill inthese gaps by finding “hidden” fileson theinternet:
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files that were available on the public internet and on the BSA
website but which were not indexed in any search engines and
were not linked to from anywhere. Having assembled the data,
we had 49 files, in severa different formats, which we
standardized and combined using formulas, heuristics, and Excel
plugins [46]. Once this was done, we were able to build a tool

Textbox 7. How price concessions data could be made easier to use.

Bacon & Goldacre

and automate monthly updates; however, because of the lack
of SNOMED codes in the price concessions data, for most
months we still had to manually match 1 or 2 products to the
prescribing data. Textbox 7 summarizes some of the ways by
which access to this (and similar linked datasets) could be
improved.

not left in Freedom of Information requests.

problem of formats changing through time.
« All data should be provided with identifiers.
o All shared data should be indexed or indexable.

«  When archived data that are part of an already published time series are made available, the data should be published alongside the time series,

« Any data export process of relatively small datasets should ideally involve producing a single file of all the data each month. This avoids the

« Itissurprising that the price concession data are not already combined with Drug Tariff data somewhere in the National Health Service.

«  Price concessions should be mentioned in documentation wherever Drug Tariffs are mentioned.

Discussion

Summary

Asillustrated, although several NHS datasets are “ open” by the
narrowest definition, the NHS commonly breachesthe principles
of the Open Government White Paper and barely meets other
best practice criteria such as the Berners-Lee 5-Star scale for
open data. Collectively, the barriers described in this paper
represent a substantial block to the development of new
data-driven tools aiming to improve the quality, safety, and
efficiency of NHS care. These barriers can be broadly divided
into 4 areas. problems accessing the data, problems
understanding the data, problems processing the data, and
problems communicating with the NHS about the data. These
imply 4 solutions: better curation, better documentation, better
change management, and better dialogue with users. Here we
summarize the barriers and offer some concrete suggestions of
how the situation could be improved.

Better Curation

As documented in previous sections, thereisavery substantial
problem with curation of information in the NHS. Datasets are
collected and shared at considerable expense but are then
commonly undiscoverable or poorly indexed; they movelocation
unpredictably, and often an interested user cannot establish
whether a given dataset exists at all. The NHS England Data
Catalogue [47] is largely unstructured: this means users must
already know what they are looking for before they can find it.
It also contains numerous older datasets, with no way for the
user to deduce whether the dataset itself has been abandoned,
with no further updates, or if only the catalog record is out of
date. Catalogs are commonly divided by organization: this
assumes that all users understand the complex organizational
structure of the NHS and are able to predict whether a dataset
is owned by NHS England, NHS Digital, NHS Improvement,
NHSBSA, or some other organization. The problems we
describe are often caused by ineffective automation. We propose
2 approaches for the NHS: “proactive curation” and “reactive
curation.”

https://www.jmir.org/2020/1/e15603

Proactively, the NHS should invest in manually curating the
datait already shares. Thiswould entail detailed strategic input
from expertsin information management and librarianship; here
we offer some brief principles. First, this curation should be
done by people, with individuals or teams owning a particular
topic area. Second, these teams must include domain experts
already working within the relevant NHS organizations who
understand the data. Third, instead of separate silos of data
arranged by NHS organization, there should be asinglelocation
with linksto al NHS data; and there should be confidence that
all the data relevant to the topic are indexed in that one place
as per best practice and government guidance[7]. Finally, these
resources should be tagged in multiple dimensions, including
their clinical domain, topic, and technical characteristics. Inour
view, the ideal model would be “topic-based guides’ that are
clearly branded, owned, and maintained by a single team;
focused on adding new resources asthey become available; and
ensuring that data resources do not disappear or move.

Reactive curation also offers substantial benefits but at much
lower cost. In short, where users are actively working on
datasets, and they report to the NHS that something is missing,
out of date, or poorly documented, then these errors, omissions,
and shortcomings should be addressed and corrected. In short,
there should be a simple means for users to report errorsin the
existing catalogs and for these errorsto be corrected.

We can see no reason why any NHS resource should be behind
a CAPTCHA, but if this is unavoidable, the reasons for this
choice should be robustly documented and forewarning given
in the catal og.

Better Documentation

In the previous sections we have documented numerous cases
where NHS datasets are hard to interpret because of poor
documentation and where the NHS has not been reactive to
guestions around poor or absent documentation. Documentation
is challenging and time-consuming. However, good
documentation brings clear thinking: an organization that cannot
produce or share documentation on the dataiit holdsis unlikely
to be working effectively with that data internally.
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We think there is room for the “proactive and reactive” model
described above. Proactively, every dataset should be
accompanied by documentation that explains its context (how
and why it isused in the NHS), its provenance, the meaning of
each field, how often it is updated, and any known issues with
the data. At minimum, datasets that are regularly downloaded,
used, or enquired about should be prioritized for this best
practice. Reactively, the NHS should respond to queries, and
there should be easy routes for users to give feedback on
ambiguities or errors in the documentation. However, the NHS
should also work more strategically with end users of the data,
as this is where the true value of that dataset is often realized:
documentation should ideally be developed in the open, in
collaboration with data consumers, to ensure it is current and
relevant.

Better Management of Change Over Time

As documented in previous sections, there are substantial
problemswith NHS datasets changing structure and format over
time, often without those changes being documented. Often
these changes are trivial: the names of the columnsin a 2-way
table or their order. However, every time the format of adataset
changes then there is a material conseguence, for every end
user: the pipelinesfor importing and processing datawill break,
the fault must be discovered, and devel opers must work around
it. Commonly, there seems to be no technical reason for the
changes we have seen in NHS datasets: it is likely that these
changes simply reflect carelessness, or a lack of interest and
knowledge about how the data are being used and processed by
end users.

In an ideal world, data formats would never change; however,
occasional changes are inevitable. Therefore, clear
communication of changesisvital. We suggest that every dataset
should be accompanied by a change log in its catalog entry.
This change log should describe the nature of each format
change. Crucially, there should aso be clear documentation of
the reasons why the change has happened, as this is likely to
act as an informal feedback system, prompting NHS staff to
think through whether the change is really necessary. There
should be a way for consumers of the data to subscribe to
updates and receive advance notice of these changes and to
provide feedback where changes have happened without
documentation, prompting the change log to be updated.

A related issue is stability of data structures over time when
working with older datasets. Users often want to automatically
retrieve and process not only current data but historic data. In
doing so, they hit 2 problems: finding al historic files and
resolving the format differences between them. To aid discovery,
the naming conventions for data (eg, “title, date”) should be
documented in the same way as the data structure itself, and
remain stable over time, to support automated retrieval. Where
the formats of shared datasets must change, but the NHS holds
historic data internally in a consistent format, then for al but
the largest datasets, we suggest abulk export of al historic data
in the most current format should ideally be provided. Again,
following the principle of transparency, where bulk exports are
not possible, this should be mentioned and explained in the
documentation.

https://www.jmir.org/2020/1/e15603
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Better Dialogue Between Data Producersand Data
Consumers

We have returned repeatedly to the importance of better
communi cation between data producers and consumers, if only
as a means to reactively prioritize work around curation and
documentation. In our view, this 2-way communicationisvital:
producers should be able to notify consumers of important
changes in the data, and consumers should be able to notify
producers of bugs in the data or ask questions. It is important
to note here that good dial ogue cannot be driven by a positive
attitude alone: we have had many very positive interactions
with singleindividualsin various NHS organi zations who have
been very helpful, but individuals can change jobs, or go on
holiday, and finding the right person to talk to often relies on
personal networks or sheer determination.

A strategic approach to dialogue requires good systems and
formal structures. In short, the NHS needs a single place for
users to ask questions about data, with the answers recorded
and searchable in the public domain. This should be well
publicized, open, public, and linked to liberally from acrossthe
NHS online estate. Given the NHS' general commitment to
transparency [3,4], it would make sense for data producersin
the NHS to borrow from best practices developed in the open
source software movement, where source code is available to
everyone, anyone can suggest edits, and anyone can report bugs.
Each question answered in public will then be added to the
commons of knowledge that can easily be accessed via any
internet search engine. This platform should be curated by an
NHS employee who has the authority to pursue questions on
users' behalf and expect answerswithin areasonabletime frame.
Over time, a database of questions and answers could evolve
into a series of topic-based guides, written in collaboration with
the user community. Many of the problems faced by those
working with NHS data will already have been solved severa
times over by analystswithinthe NHS or third parties el sewhere.

None of thisrequires custom software and could all be provided
through standard, widely used, free, open services such as
GitHub and GitLab. End users could contribute bug reports to
the documentation; they could ask questions through the bug
tracking systems; everyone could see everyone else’s input,
helping raise standards and awareness; and the data producers
could reply on built-in notification features to push feeds of
updates to the end users. The most important part of solving
this problem is not software but staff expertise and time. By
reducing the friction between the 2 sides of the data exchange,
better uses of datawill emerge.

For clarity, thisisnot a“blue skies’ or challenging suggestion.
Thisisastandard way of working outside of the NHS, and itis
how our own team works. we document every step of our
problem solving publicly, in our closed and open “issues’ on
GitHub, which now number over 1000 [48]. Anyone working
with NHS data who has been blocked by the same technical
barriers we have hit can find our solutions—and the reasoning
leading up to them—simply by using a search engine.
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Conclusions block innovation, and divert resources that should be spent on
producing better services for clinicians, commissioners, and

Releasing data under open licenses was the starting point for i
patients.

open data and the open government movement, in which the
United Kingdom has been a global |leader. However, in our  Thereis currently substantial appetite for better use of dataand
experience, the implementation of these open principlesinthe  software in the NHS [49]. Thiswill only happen if the system
NHS has been absent or flawed, with poor documentation, poor  engages constructively and technically with theindividuals and
curation, and poor dialogue presenting substantial barriers to  teamswho actually usethat NHS dataon adaily basis. We hope
innovation. We have chosen to spend time documenting these  this paper will stimulate further dialogue between data providers
issues at length; many third parties confronted with similar  and end users; we welcome feedback and further examples of
barrierswill either give up, concluding aserviceasimpractical,  both good and poor practice, and we are keen to engage, on

or quietly expend substantial resource and effort on  poth the details and broader strategic issues, with all members
workarounds. This in turn will increase the cost of delivery, of the NHS and wider community.
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Abstract

The True Colours remote mood monitoring system was devel oped over a decade ago by researchers, psychiatrists, and software
engineers at the University of Oxford to allow patients to report on a range of symptoms via text messages, Web interfaces, or
mobile phone apps. The system has evolved to encompass awide range of measures, including psychiatric symptoms, quality of
life, and medication. Patients are prompted to provide data according to an agreed personal schedule: weekly, daily, or at specific
times during the day. The system has been applied across a number of different populations, for the reporting of mood, anxiety,
substance use, eating and personality disorders, psychosis, self-harm, and inflammatory bowel disease, and it has shown good
compliance. Over the past decade, there have been over 36,000 registered True Colours patients and participants in the United
Kingdom, with more than 20 deployments of the system supporting clinical service and research delivery. The system has been
adopted for routine clinical carein mental health services, supporting more than 3000 adult patientsin secondary care, and 27,263
adolescent patients are currently registered within Oxfordshire and Buckinghamshire. The system has also proven to be an
invaluable scientific resource asaplatform for research into mood instability and as an el ectronic outcome measure in randomized
controlled trials. This paper aimed to report on the existing applications of the system, setting out lessons learned, and to discuss
the implications for tailored symptom monitoring, as well as the barriers to implementation at alarger scale.

(J Med Internet Res 2020;22(1):€15188) doi:10.2196/15188

KEYWORDS
symptom assessment; signs and symptoms; digital health; ecological momentary assessment; mood disorders

range of digital symptom monitoring tools exist, but thereis a
lack of evidence regarding their effectiveness in a health care

The advancement of digital technology will gradually continue ~ CONtext, particularly in theareaof mental health. Such evidence
to shape how we measure, monitor, and manage health, A wide Wil @rise only from studies involving significant usage,
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conducted in close partnership with clinicians, patients, and
managers. For example, digital tools for patient-reported
outcome measures (PROMS) are becoming standard practicein
randomized controlled trials (RCTs) in many areas [1], and
meta-analyses [2,3] have confirmed their equivalence with
paper-based approaches.

True Coloursis adigital tool, developed over a decade ago by
psychiatrists, software engineers, and researchers at the
University of Oxford, which has achieved significant usage.
The initial version was used for remote monitoring of mood
disorders, allowing patients and their clinicians to record and
review symptom change. The recognized need to capture and
monitor higher frequency phenotype information, particularly
for conditions such as bipolar disorder (BD), is not new. Hard
copy symptom monitoring diaries have been used for decades.
However, these are limited by practicality issues.

The True Colours system has many advantages over paper-based
approaches toward the capturing of detailed, timed phenotype
information, including the following: the ability to prompt for
contemporaneous input, the automatic cal culation of summary
scores, the visualization of changes over time, and the provision
of real time, aswell ashistorical datato support clinical review,
assessment, and early intervention. From aresearch perspective,
the tool has additional advantages: eliminating errors in the
transcription of information from paper forms, supporting a
higher frequency of prompted, directed phenotyping, and
reducing the recall bias associated with the recording of
symptoms. Subsequent versions of the tool have added new
functionality for data entry, patient or cohort management, and
research delivery.

The system has been applied across severa patient, participant,
and high-risk populations, being used across 21 unique research

https://www.jmir.org/2020/1/€15188
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and clinical service settings in the Oxfordshire and
Buckinghamshire regionsin the United Kingdom. Over the past
decade, there have been over 36,000 registered True Colours
participants from whom over 1.4 million questionnaire responses
have been collected. Several feasibility studies and clinical
service applications support the potential of True Colours as a
larger scale symptom monitoring system, an electronic PROM,
and atool for digital phenotyping. This paper aimed to describe
the evolution of thetool, its applications, and achievementsand
to discuss the potential for future wider application and
integration.

Resear ch Applications

The True Colours system was originally designed to monitor
mood symptoms in adult patients with BD, attending the BD
Research Clinic at the Department of Psychiatry at the
University of Oxford, and it was designed for use in clinical
tridls, evolving from the Oxford University Symptom
Monitoring System [4,5]. The original version of the system
involved automated weekly prompts, delivered by text message
or email (chosen by preference), for patients to complete
self-reported measures of symptoms, including depression
(16-item Quick Inventory of depressive symptoms) [6] and
mania (5-item Altman Self Rating Mania Scal€) [7], and other
measures, such as anxiety (Generalized Anxiety Disorder
Scale-7) [8], quality of life (EQ-5D) [9], and lifestyle behaviors.
The system has expanded to include awide range of symptoms
from validated scal es and bespoke measurestail ored to specific
research projects. As part of the True Colours platform, total
symptom scores were presented graphically viaasecure website
and made available to patients, participants, and clinicians upon
request. Over the past decade, the use of True Colours has
expanded to several different research cohorts and patient
populations (Figure 1).
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Figure 1. Evolution and applications of True Colours. AM0SS: Automated Monitoring of Symptom Severity Study; BD: bipolar disorder; BDRN:
Bipolar Disorder Research Network; CEQUEL : Comparative eval uation of quetiapine pluslamotrigine; COMBO: Collaborative Care Model for Bipolar
Disorder; FIMM: Facilitated Integrated M ood Management; FWwTC: Feeling Well with True Colours; IBD: inflammatory bowel disease; LQD: lithium
versus quetiapine augmentation for treatment resistant depression; MIMM: Manualized Integrated Mood Management; OxBREaD: Oxford Brain Body
Research into Eating Disorders; OXCAMS: Oxford Study of Calcium Channel Antagonism, Cognition, Mood instability and Sleep; OxLith: Oxford
Lithium Trial; RCT: randomized controlled trial.

Conceptualization of True

2006 Colours
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System
2008 development
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2009 v
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clinical practice 1 Cohort healthy controls > 16
years
2011 Intervention trials:
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Cost effectiveness
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OXLith, applications
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2018 etamine

The OXTEXT Program

Earlier work involving the University of Oxford Symptom
Monitoring System established that technology-assisted
symptom monitoring was acceptable to patients over a period
of 36 weekswith 75% compliance[4], meaning that, on average,
patients reported symptoms in response to prompts 75% of the
time over follow-up. The OXTEXT program was dedicated to
developing and validating the True Colours remote symptom
monitoring system for patients, at alarger scale. Across several
projects, the program revised the software after in-depth patient
consultation, established acohort of well-characterized patients
with BD by using theimproved system, determined the potential

https://www.jmir.org/2020/1/€15188

RenderX

cost-effectiveness of thisremote capturetool in clinical service,
and tested remote mood monitoring as a potential intervention
VviaRCTs (OXTEXT research studies 1-6). Several publications
resulted from these studies, largely from the OXTEXT-1 cohort
comprising up to 367 patients (=16 years of age) from
Oxfordshire, with a Diagnostic and Statistical Manual of Mental
Disorders-1V diagnosisof BD (BDI, BDII, or BD-not otherwise
specified), with some patients completing up to 81 months of
continuous weekly mood measures. Compliance and
acceptability of the True Colours system in the OXTEXT-1
cohort were excellent, with low attrition (<2%) and a median
of less than 8% of weeks of missing data that did not differ by
key sociodemographic factorsor by mood score[10]. Thispilot

JMed Internet Res 2020 | vol. 22 | iss. 1 |e15188 | p.34
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

work has demonstrated support for the feasibility of True
Colours as a remote mood monitoring system in patients with
mood disorders [4,10], and it has lent important insights into
detectable mood instability that differentiates clinical course
[5] and other BD patient characteristics, including cognitive
functioning [10,11].

The OXTEXT-2 study [12] assessed participant’s compliance
with monitoring, their mental health resource use (including
hospitalizations and face-to-face and phone contact with mental
health staff), and service and medication costs, before and during
their first 12 months of engagement with True Colours.
Compliance with monitoring was high, with amedian response
completion rate of 92% for both Web-based and SM'S symptom
reporting and al patients continuing to report during the duration
of the study. The introduction of True Colours was thought
likely to reduce service costs, but this was not supported in
OXTEXT-2. In fact, when associated with enhanced specialist
care, medication costs increased over the first year of
monitoring. Thisillustrated that studies of any digital addition
to care need to account for all possible confounders relating to
mood monitoring and mental health service costs. OXTEXT-2
did not examine nonmental health service costs, and larger
economic evaluations of the True Colours system are required
and are being conducted.

The True Colours system was aso utilized as part of a
psycho-education intervention for 121 patients with BD in an
RCT (OXTEXT-6) [13]. The Facilitated Integrated Mood
Management (FIMM) [14] study condition involved True
Colours mood monitoring, a psycho-education manual, and
individual sessions with afacilitator. This was compared with
Manualized Integrated M ood Management, which only involved
the psycho-education manual. Patientsin the FIMM arm showed
better knowledge of BD, and greater BD knowledge was
associated with a high number of months in remission over
1-year follow-up [13]. Of note, True Coloursin isolation is not
intended as an intervention, but it may improve symptoms via
insight into patients about their symptoms and closer, more
accurate monitoring by clinicians, which will require further
study.

The OXTEXT-7 study commenced in 2013 involving a tria
rolled out to all 11 community mental health treatment services
across Oxfordshire and Buckinghamshiretitled as Feeling Well
with True Colours (FWwTC). Thegoal of FWwTC wasto offer
patients a self-monitoring system that could alow care
interventions to be tailored to the individual. Patients and
clinicians create tailored symptom monitoring schedules on the
basis of the type of symptom measure, frequency of prompts
(weekly, daily, and several times a day), and reminder
frequency. This study was a stepped-wedge, cluster randomized
design. In this design, al services eventualy implemented
FWwTC, but the time at which they were trained to implement
FWwTC was randomized to compare outcomes in treatment
services before and after the introduction of FWWTC. Theaim
of this phase of OXTEXT was to apply True Colours to other
patient populations (including those experiencing depression,
anxiety, psychosis, alcohol and drug use, and BD) and test the
feasibility and cost-effectiveness of such atool inalarger scale
secondary care setting. Experience from this trial is currently
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being synthesized, and it has proved heuristically useful [15],
although uptake across clinical services was a chalenge,
illustrating the considerable barriers to innovation that persist
in the National Health Service and other medical services.

Digital Phenotyping Studies

Digital phenotyping istheindividual-level high-resolution data
capture enabled by digital devices. The promise in this data
capture isits ability to collect passive or active information in
area-world setting unbound to clinical visits. This affords the
opportunity to discover new trajectories of signsand symptoms
of disease, resulting in refined phenotypes and better detection
and management of illness. The Collaborative Network for
Bipolar Research to Improve Outcomes (ConBrio) [16] was a
translational research program aimed at bringing together basic
and clinician scientistsin mathematics, computational biology,
cognitive neuroscience, and neuroimaging. Central to the
ConBrio program is the use of True Colours complemented by
other methods for deep and frequent mood phenotyping to
accelerate understanding and treatment of BD. This program
has supported several projects, such as the Automated
Monitoring of Symptom Severity Study (AMoSS), the use of
True Colours in several RCTSs, for example, Oxford Study of
Calcium Channel Antagonism, Cognition, Mood instability and
Sleep (OxCaM S) and Oxford Lithium Trial (OxLith), and other
large phenotyping studies from the BD Research Network
(BDRN) [17].

Automated Monitoring of Symptom Severity Study

Taking advantage of the developments in digital technology
and ubiquity of mobile phones, the AM oSS study introduced a
mobile phone app, Mood Zoom, to facilitate a higher frequency
of symptom monitoring and included wearable devices as
measures of abjective symptoms. The Mood Zoom questionnaire
comprises mood state descriptor itemsthat arerated on ascale
from 1to 7 [18], which could be completed several timesaday.
Mood Zoom was used alongside weekly True Colours mood
monitoring to help understand, in greater detail, mood episodes
and mood instability in patients with BD and borderline
personality disorder, as well as healthy volunteersin a sample
of 139 patients with 3 months of continuous data (as per
protocol) but with over 12 months of continuous data (for those
willing to continue). The introduction of a mobile phone app
also enabled the collection of passive background data, such as
number of texts or calls and geolocation [19], which could
reflect proxies of behavior associated with BD and how they
are associated with mood, an emerging area with promise for
theidentification of behavioral markers of impending BD-related
episodes [20]. Quantitative [18,21-23] studies have supported
the feasibility and acceptability of the use of the Mood Zoom
app and True Coloursfor daily and weekly symptom monitoring
in patients with BD, borderline personality disorder, and
controls. Specificaly, attrition was low in the AMoSS cohort,
with only 1 subject withdrawing and 8 subjects being excluded
because of providing data for less than 2 months. Median
adherence for the Mood Zoom and weekly measureswas greater
than 80% and 85%, respectively, and it remained stable over
the study follow-up [18]. A qualitative study of 20 subjectsfrom
the AM 0SS cohort provided support for the fact that reporting
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on symptoms once daily was of no inconvenience, and it was
felt that the system contributed to insights into personal
symptoms and patterns[24]. Additional themes from this study
highlight the importance of tailoring patient preferences into
symptom reporting tools.

In recent studies, additional objective physiological measures,
derived from Fitbit and wrist-worn accelerometers, were
included, along with daily and weekly mood monitoring [22]
as well as the proteus patch [21,25] that provides an estimate
of heart rate. These studies have contributed insights into
detectable variability of sleep patternsin patients with BD and
borderline personality disorder, which map onto observable
symptoms of low and irritable mood [21] and variability in
mood [25]. The additional add-on of wearables offersan exciting
line of inquiry into objective symptoms of illness-alleviating
biases relating to subjective reporting of symptoms. This
potentially supports downstream applications of True Colours,
with theinclusion of additional devicesfor the measurement of
objective symptoms, which will beimportant for deeper insights
into early signs of disease.

Other Mood-Related Research Applications

The BDRN [17] adopted the True Colours system, engaging
815 research participants (815/4080, 19.97% of invited existing
BDRN participants) with mood disorders [26]. BDRN
participantswith adiagnosis of BDII weremorelikely to register
with True Colours. Approximately 78.2% (637/815) of
registered participants completed 3 months of symptom
reporting, approximately 51.1% (413/808) of the participants
completed more than 1 year, and some participants continued
mood monitoring for up to 3 years, demonstrating the feasibility
of such aremote mood monitoring system at alarger scale.

An international application of True Colours is from the
Canadian Flourish High-risk Offspring Study [27], recruiting
young offspring of a parent with BD. The Flourish group has
piloted the Web-based True Colours monitoring system in 50
high-risk offspring of abipolar parent and 108 control offspring
of psychiatrically well parents. Compliance was good over 30
days, with approximately 80% and greater than 90% of high-risk
and control offspring completing daily ratings, respectively,
and no difference in compliance between study groups. Daily
mood scores significantly differentiated the high-risk from
control offspring, and irregularity in weekly mood and anxiety
scores was higher in high-risk offspring with remitted major
mood disorders compared with those with no lifetime history
of major mood disorders [27].

Additional studies from the University of Oxford have made
use of the True Colours system to elucidate mood variability in
BD, involving determining the different nonlinear time series
processes of mood instability and analytic techniques for
appropriately detecting it from high-frequency time series data
[5,28], aswell asits associations with mental imagery [29].

Application to Randomized Controlled Trials

RCTs of treatment efficacy in psychiatric disorders are
expensive and lengthy, given the needed follow-up time for full
Diagnostic and Statistical Manua of Mental Disordersthreshold
mood episodes to develop. Traditional endpoint assessments
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using paper and pencil questionnaires or clinician-rated
diagnostic episodes also ignore clinically significant symptoms
not meeting full diagnostic threshold between episodes[30] and
cognitive dysfunction [31], which could be used to determine
earlier and more proximal treatment effects. Several RCTshave
used True Colours as both primary electronic outcome
assessments and secondary higher frequency outcome
measurements. For example, a 12-week double blind RCT
(CEQUEL) [32] assessed combination therapy with quetiapine
pluslamotrigine versus queti apine monotherapy pluslamotrigine
placebo on depressive symptoms in 266 patients (=16 years)
with BD, recruited across 27 different United Kingdom clinics.
Another completed single blind RCT (OASIS) [33] of 3755
university students across the United Kingdom used True
Colours to measure outcomes to determine the effectiveness of
a Web-based cognitive behavioral therapy for insomnia and
other psychiatric symptoms, including psychosis, mood, and
anxiety.

Other mood-related applications of True Colours for outcome
assessment in ongoing RCTsinclude the OxLith [34], aimed to
compare lithium with placebo on mood instability in adult
patientswith BD; atrial assessing the clinical effectivenessand
cost-effectiveness of lithium versus quetiapine augmentation
for treatment-resistant depression [35]; and OxCaMS [36],
which aims to assess the impact of a calcium channel blocker
on cognition and brain activity in adults with mood instability.
Finally, the Oxford Brain Body Research into Eating Disorders
study [37] involvesapilot trial to assessthe safety, acceptability,
and feasibility of deep brain stimulation in patients diagnosed
with severe eating disorders. Other funded largetrialsinvolving
the True Colours system under development include the
Pramipexole Therapy in Treatment Resistant Depression and
Bipolar Depression (PAX-D and PAX-BD) [38,39].

Expansion to Other Populations

As the research and clinical utility of True Colours became
evident, it naturally branched out to other populations and
research contexts. The Cognition and Mood Evolution across
Time study is aimed at measuring cognition and brain activity
in healthy participantswith variouslevels of mood instability—a
useful application of True Colours, with the inclusion of daily
mood monitoring and cognitive tasks [40].

The True Colours system has a so been modified for community
outpatients, with a diagnosis of psychosis using forensic
psychiatric services (FOXWEB risk violencetool). Thisresearch
application involved the development of a Web-based violence
risk monitoring tool for psychosis, which provides visual
feedback of patient scoresto cliniciansto guide risk assessment
[41], and thisis being further piloted in inpatients.

TheBrief Interventionsfor Self-Harm (BIRSH) clinic [42] has
piloted True Coloursfor self-harm prevention in patients (13-65
years) presenting to accident and emergency departments. The
aim of thisongoing research and service evaluation application
was to determine the effectiveness of a new clinical service
incorporating remote symptom monitoring to reduce self-harm
repetition and health service costs.
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The True Coloursinflammatory bowel disease (IBD) group has
expanded the True Colours schedule to include daily measures
of ulcerative colitis and Crohn’s disease symptoms, as well as
fortnightly quality-of-life and other validated measures of
disease activity. Theinitial aim of the True Colours|BD project
was to develop and test the feasibility of a predictive index of
IBD. A 6-month pilot in 66 patients supported the initial
feasibility of this system, with 76% adherence rate for daily
measures and 86% patient retention [43]. Further work has
supported associations between daily IBD symptom measures
and biological measures of disease activity [44], and this has
facilitated the prediction of whether escalation of therapy or
clinical investigation would be needed [45]. Qualitative findings
from this work suggest that patients felt more in control and
empowered by the True Colours IBD system [43].

Clinical Service Applications

Several of the noted research applications have evolved into the
use of True Colours for a purely patient monitoring and/or
clinician monitoring tool, despite little infrastructure and
resourcesto do so. As of January 10, 2019, almost 3000 patients
with any psychiatric condition and more than 700 clinicians
have registered with True Colours in adult community mental
health treatment service clinics across Oxfordshire and
Buckinghamshire. The uniqueness of thisapplication of remote
monitoring of symptomsisintheindividualized approach. This
enables patientsto choose, in consultation with their health care
professional, how they would like to self-monitor, directly
aligning from qualitative work suggesting the preference of
flexibility and personalization in a symptom monitoring tool
[24]. The system has also been taken up by child and adol escent
mental health services across the Oxfordshire region, with
27,263 registered users.

True Colours IBD is a prime showcase of what True Colours
could evolve into—an integrated platform for individualized
patient and clinician monitoring of symptoms and quality-of-life
outcomes, with the potential to predict when more symptoms
are expected and prevent unnecessary clinic visits. With further
validation, the implications this model could have for reducing
health care costs and burden onindividuals are extensive. Since
September 2019, there are currently more than 750 registered
IBD patients, within the John Radcliffe Hospital in Oxfordshire,
using True Colours as amonitoring tool. True Colours has also
been applied as a patient-reported outcome monitoring tool in
clinical serviceclinics, testing the effectiveness of Ketamine as
a therapy for treatment-resistant depression [46] and for
self-harm risk assessment as an extension to the ongoing pilot
work conducted by BIRSH [42]. Finally, the Collaborative Care
Model for BD is an ongoing project aimed at testing the
feasibility of True Colours in a primary care setting to
understand perspectives of the True Colours system from both
patientsand clinicians. This project also aimsto engage different
services (primary and secondary care clinicians) in the
collaborative treatment of patients through the sharing of True
Colours symptom ratings.
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Discussion

Over the past decade, True Colours has transformed from a
simple text message prompt and reply system to a personalized
Web-based symptom monitoring tool. Thistool is now applied
across a number of clinical populations and is integrated into
several clinics as part of routine clinical care across the
Oxfordshire and Buckinghamshireregions. A small team at the
University of Oxford and the Big Data Institute has been
supporting the continued use of True Coloursand itsapplication
across a wide range of settings. Despite the relatively little
resource that has been put into sustaining this system, its
progress and scale, to date, are quiteimpressive, largely driven
by small independent research grants.

The utility of True Colours as a research tool is unequivocal.
The existing research involving this tool has contributed to
considerable advancements in knowledge of mood instability
and its correlates in mood and personality disorders, which
would not have been possible with traditional aperiodic research
or clinic assessments. The potential linkage of True Colours
patient-reported datato electronic medical records data currently
available within United Kingdom—Clinical Record Interactive
Search—a national research platform comprising deidentified
electronic patient medical records—could yield a rich source
of high-frequency phenotyping information for future research.
This data linkage could provide continuous measures of
patient-reported symptoms occurring in real time, which could
be mapped onto hospital visits and acute episodes of illness.
This could afford the opportunity to fill in the gaps between
clinic visitsand determine early subsyndromal phases of illness
that could reflect targets for prevention of episode recurrence
or worsening of symptoms—asubstantial scientific and clinical
resource.

In 2017, there were 325,000 mobile health apps available
internationally, including lifestyle interventions, symptoms
trackers, and personal coaches [47]. A vast majority of these
tools are not evidence based, and their ability to accurately
measure symptoms or feasibly engage patients is largely
unknown [48,49]. Only about 25% of digital health app users
continue using the app after 10 uses [50], indicating challenges
with low retention. Furthermore, with the rapid turnaround of
digital heath apps, it is difficult to rigorously test their
effectiveness or implement into practice before they become
obsolete[51]. Other symptom monitoring platformsincludethe
Chrono-record [52], a computer-based symptom monitoring
system, and the MONitoring treatment and pRediCtion BD
episode system [53], an Android-based mobile phone objective
and subj ective symptom monitoring system designed for patients
with BD. Patientslikeme [54] isadigita health platformin the
United Kingdom, which involves a Web-based system that
enables patients to track symptoms and view other members
health information. The Patientslikeme platform currently has
600,000 registered users, and it is meant to produce data for
research purposes and provide empowerment and community
to patientsto track their own symptoms. These tools are useful
in unique ways, but these are yet to have any integration with
clinical service. In addition, they are targeted toward specific
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conditionsor the broad reporting of symptoms, some untethered
to validated measures.

In an era where the digita health market is becoming
increasingly saturated, careful integration of these toolswithin
the health care systemiscrucial [55]. Thereisaneed to develop
digital remote monitoring tools that are evidence based [56],
with infrastructure to support secure and sensitive personal
information and enable the growth of the tool in tandem with
rapidly developing digital technologies. Obvious barriersto this
potential integration surround buy-in from health care providers,
the potential to create inefficiencies, and data security concerns.
This underscores the needed infrastructure for such a remote
monitoring tool in clinical practice, with education for clinicians
on its purpose and use, an electronic system with ease of access,
and the flexibility and support to tailor the service to different
patient populations and clinical care contexts. Uptake within
clinical servicewill be achallenge and will require support from
several participating parties.

Goodday et al

What is unique about True Coloursisthe pilot work behind the
tool’s feasibility across different patient populations, and its
useaongsideclinical judgement. Its evolution has been guided
by several feasibility studies, clinical and software devel opment
expertise, and, most importantly, participant, patient, and
clinician feedback. The concept of True Coloursasanintegrated
clinical care model offers benefits to patients through the
returning of simple, visually effective symptom summaries,
empowering individuals to play an active role in their health,
which aone could have a therapeutic effect, as seen in other
areas of medicine, such as oncology [57,58]. For clinical
practice, this tool could enable clinicians to have access to
continuous health information from their patients unbound to
clinicvidits, providing PROMs at higher frequenciesand lending
insight into dynamic fluctuations in symptoms that cannot be
captured by traditional health measurement systems by
self-report measures recalling symptoms over long periods of
time. In turn, this could support real-time assessment and

management of chronic conditions while freeing up time and
resources for the National Health Service.
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Abstract

Background: Socia mediaareaspopular asever, and concerns regarding the effects of social media use on adolescent well-being
and mental health have sparked many scientific studies into use effects. Social media research is currently at an important
crossroads: conflicting results on social media use's effects on well-being are abundant, and recent work in the field suggests that
a new approach is required. The field is in need of an approach involving objective data regarding use where necessary and
attention to different kinds of detail such as the why and how of social media use.

Objective:  We present a novel paradigm implementing a principle from educational sciences called stimulated recall and
demonstrate how it can be applied to socia mediause research. Our stimulated recall paradigm implements a number of elements
that can fill the gaps currently present in social media and well-being research.

Methods: Objective data are collected regarding users’ social media behaviors through video footage and in-phone data and
used for a structured stimulated recall interview to facilitate detailed and context-sensitive processing of these objective data. In
this interview, objective data are reviewed with the participant in an act of co-research, in which details such as the reasons for
their use (eg, boredom) and processes surrounding their use (eg, with whom) are discussed and visualized in a stimulated recall
chart.

Results: Our ongoing study (N=53) implementing this paradigm suggests this method is experienced as pleasant by participants
in spite of its personal and intensive nature.

Conclusions: Thestimulated recall paradigm offersinteresting and necessary avenuesfor approaching social mediauseresearch
from new angles, addressing aspects of use that have thus far remained underexposed. The answers to questions such as “Why
do adolescents use social media?’ “In what ways exactly do they use social media?’ and “How does social media use make them
feel in the moment?’ are now within reach, an important step forward in the field of social media use and well-being research.

(J Med Internet Res 2020;22(1):€15529) doi:10.2196/15529

KEYWORDS
technology use; stimulated recall; social media; well-being; qualitative research; interview; digital technologies

: be more easily connected to others al around the globe, and
Introduction their potentialyfor expansion of social networksis Iigkely what
Digital technologies such associal mediahave seen animmense  drives these platforms’ popularity. Social media feed directly
increasein adoption and popul arity. Whereasin 2005 only 10% into the fundqmental human r_leed for socia connection, which
of the United States population reported using one or more M& be especially true for children and adolescents, who have
socid networking websites, in 2015 this percentage had 9rOWn up in @ world in which digital technologies permeate
skyrocketed to 65% for the entire population and to 90% for ~ @mOst every aspect of their daily lives (eg, in playing games,

people aged 18 to 29 years [1]. Social media enable people to at school, in doing homework, chatting with friends, and even
dating).
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This synthesis of online and offline experiences in the lives of
many children and adolescents has sparked a lot of debate
among the general public aswell aswith researchers. Concerns
about digital technologies center around screen time, since most
technol ogies are accessed through screensthat are carried around
everywhere. Strong concerns have been raised regarding the
effects of these screens, and social media in particular, on the
well-being of youth [2,3]. As aresult, many studies have been
conducted to clarify (not without pressure from the lay public)
what exactly the use of digital technologies is doing to
youngsters' mental well-being and development [4-10]. The
debate keeps raging on, and more and more studies are added
to the aready large body of work on the relationship between
social media use and youth well-being. Yet there is strikingly
little consensus on the matter, as illustrated by two recent
literature reviews [11,12]: some studies indicate a negative
relationship between socia media use and well-being [6,13]
and others a positive relationship [5,14,15].

This lack of unanimity in the field may have to do with
important methodological limitations. First, social media use
and well-being research has been largely characterized by a
focus on quantity, operationalized by metrics like frequency
and duration [5,10,15-19]. This is problematic because such
metrics do not tell us anything about the types of activities, the
contextsin which they take place, and how they are experienced
by users. These types of context specifics, however, seem to be
what differentiates negative and positive outcomes of social
media use; for instance, whether social media are used actively
or passively makes a difference to users well-being [20].
Second, in most cases such metrics are being assessed using a
method that is not particularly suited for these target
variables—salf-report [9,16,21-27]. Alarmingly enough, studies
have shown that people are in fact notoriously bad at recalling
details about their use of socia media or other digital
technologies[28-30]. If metrics such asduration and frequency
of use are what we are interested in relative to well-being, it is
vital that reliable, objective data on these behaviors are gathered
rather than self-report data. Third, when self-report is used, it
is generally in the context of observational studies, where no
mani pul ation takes place [31-39], making it impossible to draw
a causal inference. Additionally, when experimental designs
are used, they mostly involve fabricated social media-like
environments[40,41] rather than users persona accounts, which
offer much more salient and ecologically valid contexts for
studies. Also, most experimental studies in the field arbitrarily
choose one type of social media platform [7,20,42-46] at the
exclusion of others, often meaning outdated apps are being
studied, or only one app, when in fact youth use several
simultaneously. Focusing on one platform also brings forth the
danger of selection bias, since there may be differences (eg,
age) between user bases of different platforms that can be
relevant for a study and its outcomes.

Social media might be a context that requires a radically
different approach, a new methodological lens—one that is
objective and accurate, while considering the unique (ie, socialy
sdlient) digital context. Thus, to extend current research on
social media use and address the pitfalls present (ie, use of
retrospective self-report and a focus on quantity only), we
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suggest that a new approach should implement objective data
where quantitative measures are concerned and include a
context-sensitive aspect in which attention is paid to what users
aredoing exactly, who they interact with, and how these specific
conditions and experiences make them feel. The functions (ie,
why youth use social media) of and processes (ie, in what ways,
with whom, and when youth use social media) surrounding
socia mediause have simply not been addressed by the majority
of studies in psychological science. Such research questions
require an ecologically valid and detailed approach that allows
for quantitative and qualitative data sources, and we suggest
that stimulated recall holds promisein this area.

In his origina version of the stimulated recall method [47],
Bloom [48] played audio from lectures versus study discussions
to his students and asked them to comment on their thoughts
during these events in an attempt to investigate differences in
learning processes between these two forms of teaching.
According to Bloom, the primary aim of the method is“that the
subject may be enabled to relive an original situation with
vividness and accuracy if he is presented with a large number
of the cues or stimuli which occurred during the original
situation.” As such, stimulated recal offers a way of
investigating situations as they occur in the real world, without
external influences or restraints. The method consists of two
primary elements. one or multiple sources of objective
information to aid the participant in recall and a qualitative,
detailed interview of the participant’s recall of the event of
interest. This combination of quantitative and qualitative
techni ques seemsto be exactly the sort of approach fromwhich
the field of social media use and well-being research could
benefit. The collection of objective data hel psaddressthe current
unreliability of measures while the in-depth investigation of
users activities, motives, and feglings helpsto provide the detail
and nuancethat seemsimportant. Thisnew approach will ideally
allow usto answer questions that are as of yet out of reach:

«  Why do adolescents use social mediain the first place?

- Which kinds of interactions do they experience on social
media and with whom?

«  What do adolescents expect from socia media?

«  How do these experiences make them feel ?

Having discussed the origins and basics of stimulated recall,
we will now present the methodology as it can be applied to
social media use in young people, drawing examples from our
own ongoing effort to implement this methodology in our study
of social media use and well-being. This is an active study
(started in April 2019) currently being conducted at the Radboud
University Nijmegen, the Netherlands. Participants are students
aged 18 to 25 years (N=53; 42 female) and aretested in the Bar
Lab of the Behavioural Science Institute to ensure an informal
atmosphere, predisposing participants to behave as they would
in other public spaces rather than in a regular lab. The study
was approved by the ingtitution’s Ethics Committee Social
Sciences, approval number ECSW-2019-020.
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Stimulated Recall for Social Media
Research

Objective Data Sources

A key criterion for a successful implementation of stimulated
recall is access to objective data or, more accurately, data that
anchor the recall to directly observable behavior. This could
take the form of audio data; videotaped recordings, screen
captures of activity on a computer, game console, or phone;
back-end data from games or apps that |og activity; and so on.
These are the data collected to scaffold the subsequent interview
processand provide the necessary memory. Two important data
sourcesfor asocial mediaresearch application of this paradigm,
video footage and in-app information, will now be illustrated
using elements of our ongoing study.

Video Recording

To enable a naturalistic capturing of student social media
behaviors, participants in our study were asked to wait for 10
minutes after having completed a task. The details of the
procedure prior to the waiting period will not be elaborated on
here, but we would like to note that for half of the participants
itincluded a stress manipulation in the form of the Leiden Public
Speaking Task [49]. After having completed the first phase,
participants were told that “in no more than 10 minutes’ the
researcher would return and the study would proceed as planned.
During these 10 minutes, and unbeknownst to the participants,
their activitieswere recorded using avideo camerain the hopes
of capturing naturalistic social media use.

Whether we would be able to capture smartphone behaviors of
interest depended to a large extent on the camera setup. The
best solution ultimately involved acamerainstalled right above

Griffioen et a

the participant’s seat, which has provided us with good and
reliablefootage (ie, the participant could change poses, but this
would affect the quality of footage only minimally) of the
participant’s phone in all of the cases so far. Participants were
always tested in the Bar Lab room seated at a table positioned
directly under the camera. To ensure that participants would
not get up and walk around the room (and thus leave the
camera'sfield of view), they were asked to remain seated while
the researcher was gone to ensure a steady signal from the
physiological equipment (which, in reality, was robust to
movement).

The dome-shaped camerawas ableto rotate onitsaxis, tilt, and
zoom in and out, as well as adjust focus to points nearer or
further away in space, alowing us to sharpen or blur theimage
asnecessary. The camerawas controlled by the researcher from
acontrol room next to the study room where the participant was
waiting. The focus point of the camera could be controlled in
such away that the participant’s smartphone screen (if used by
the participant) was visible but no text could be read from the
screen to guarantee the privacy of the participant and any people
whose information may have been featured on the screen.
Similarly, images were always blurry, and, although shapes
could be made out, any people featured on the participant’s
screen could not beidentified. What these recordings did enable
us to see, however, was which apps the participant was using
and what the participant was doing in these apps (eg, just
scrolling, typing text, liking a post). See Figure 1 for a
screenshot of apilot participant’srecording. On this screenshot,
for instance, we can see that the participant seemsto be typing
amessagein WhatsApp, judging by thelayout of the app visible
on the screen. No preprocessing of the video footageisrequired
before usein theinterview, meaning that the interview can take
place almost directly following the monitoring/waiting phase.

Figure 1. Screenshot from the video recording of one of our pilot participants.
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In-Phone I nformation

While the video recordings provide val uabl e information about
participant activities, in anumber of casesthe recordings alone
were not sufficient to capture our desired level of detall
regarding participant phone use. For instance, very brief actions
such as hitting a Like button could sometimes be harder to
identify with certainty given the blurriness of the video image.
In other cases, the layouts of apps were sometimes similar or
even unknown, meaning that it could be hard to pinpoint exactly
which app was being used. Although looking at what the
participant was doing on their phone with their fingers (eg,
typing, swiping, tapping) could help distinguish between certain
apps that otherwise look quite similar, an extra source of
information could be called upon: the participant’s own phone.
Such information can aways be called upon in the moment
itself and does not require preprocessing.

First, if there was uncertainty about what sort of action a
participant engaged in, they were asked to open up the social
media app and navigate to the activity log or equivalent. Most
socia media apps contain such an overview of user behavior

Figure 2. Screenshot from Facebook app illustrating the activity log.
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in the app, although not all of them will refer to this overview
as an activity log, and in some cases, information may be
scattered over a number of places within the app. For instance,
Instagram has an overview of the posts a user has liked, if you
dig deep enough, but Instagram does not offer an in-app
overview of any commentsthe user may have posted (one could,
however, use the less instantaneous Download My Data
functionality if the comments were of particular interest).
Luckily, the act of commenting could easily be identified on
the video recording since the participant was typing. Facebook,
on the other hand, does include commentsin their overview of
the user’s activity, although their activity log is similarly hard
to find for an inexperienced user. See Figure 2 for a screenshot
of Facebook’s activity log. This overview can be helpful for
determining which data one can and cannot access in case a
similar paradigm is implemented in other studies. Knowing
beforehand what sorts of reliable (ie, objective) data can be
accessed is paramount for study success, since the stimulated
recall hinges on datato aid the participant in accurately recalling
thoughts and feelings about the activities of interest.
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Second, if there was uncertainty about what sort of app the
participant was using, we attempted to retrieve thisinformation
using the overview of currently opened apps (see Figure 3 for
a screenshot of what that looks like on an iPhone). To make
sure that in such a situation we would not be faced with a
sequence of appsthat had been used days ago (but never closed)
rather than in the 10 minutes of the waiting period, wefollowed
astandardized procedure. During the setup of our physiological
equipment used to measure participants’ electrocardiography
(which weincorporated in the study to be ableto check whether
the stress manipulation had indeed worked), we told the
participants that we would need them to turn their phones off
and on again so we could do “signal calibration checks’ in

Figure 3. Screenshot of the opened apps overview on an iPhone.
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between to ensure that the phone’s signal would not hamper the
physiological data collection later on in the study. This meant
that we could check, if necessary, which apps in the opened
apps overview of the participant’s phone were opened and used
during the monitoring period and not before; although the app
overview remains unchanged even after restarting the phone,
any apps being used before the restart will need to reload when
accessed from within this overview. That way, we had a way
of checking whether an app was used during our study or before
it. The “turning phone off and on again” request additionally
meant that we could subtly check whether participants had their
phone with them and ensure their phone would be near them
when the waiting period arrived.
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Stimulated Recall | nterview

Whereas the use of objective data sources addresses the lack of
reliable information regarding user activities, the stimulated
recall interview tacklesthelack of attention to the how and why
of adolescent social mediause whileincorporating the collected
objective data. There are anumber of important elementsto the
successful application of such an interview in a social media
research context. First, it isimportant to acknowledge there are
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users of social media (especialy the younger user base) who
engage with social media by sharing relatively personal details
about their daily life with friends or family. In order for an
interview to be successful, trust needsto be established between
researcher and participant because information discussed in the
interview, namely about what is put out on social media, can
be personal and sensitive. We propose that a powerful way to
establish this trust is to authentically recruit the participants
ownintrinsic curiosity and generosity in theinterview by asking
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them to join the researcher in a brief moment of co-research.
Asin participatory research [50], we clearly explain the general
goals of our study, what kinds of data have been gathered, and
how they will be used to aid in the interview. This is an
important step toward eliminating any unease the participant
may experience when asked to share personal details, thoughts,
and feelings. Second, the interview needs to be structured and
standardized across participants. Explaining the structure of the
interview will not only help put the participant at ease if
necessary, it will also enable the participant to be the best
co-researcher they can be; if they know what the researcher is
interested in, they will be best ableto help and contribute. Good
structure and standardization of the interview, however, does
not only have to do with the fact that such interviews can be
very data-rich. Thanksto a structured approach, the participant
will feel there is a particular method and consistency to how
personal details are being collected and handled, which will
further contribute to a good relationship during the interview.
Ultimately, a better researcher-participant relationship will lead
to better insights into participants behaviors and thought
processes.

In our study, participants were debriefed and told the true
purpose of the study after they had completed the monitoring
period in which their activities were recorded. It was explained
to participants that the researcher would like to use the
remaining study time to conduct a structured and detailed
interview about their social media behaviors and experiences,
if possible with the aid of the participant’s phone and the video
recording made during the monitoring period. If the participant
gave consent at this point, the study continued and the
participant was interviewed following our interview protocol
and with aid of the data. If not, the participant was thanked for
participation so far and told that the study was ending there.

Griffioen et a

Interestingly, only one of our participants so far has withheld
consent for the use of video footage, suggesting participantsare
interested in sharing their data with us and gaining insight into
their own behaviors.

The goal of the interview was to gain insight into (1) what
adol escents do on their phones, with increased specificity when
it comes to social media, (2) why adolescents engage in these
activities (according to them), (3) who (or whose
information/posts) they encounter and interact with on social
media, and (4) how these activities make adolescents fedl in
that moment. As such, there were a number of layers to each
activity/experience we explored in the interview, and to ensure
aconsistent structure across participants, we devel oped ascheme
to aid us in conducting these intensive and often personal
interviews (Figure 4). By making clear to the participants that
despitethe personal nature of our questionstherewasastructure
to our method, we hoped to not only facilitate data processing
afterward but also predispose participants to cooperate in the
interviews (only one participant out of the 53 tested so far has
withheld consent for the stimulated recall interview; for more
about feasibility research see Feasibility and User Research).
Additionally, the interview was audio recorded for future
reference and potential in-depth analyses.

During the stimulated recall interview, the video recording of
the participant was viewed by the participant and researcher
together. At the onset of each new major activity, the researcher
would ask the participant questions according to the interview
scheme (Figure 4), pausing the video when necessary and
completing each of the interview layers (indicated by the
horizontal layersin the interview scheme) before moving on to
the next major activity. If these behaviors were on the phone,
the end/start of a major activity was signified by switching to
another app.

Figure 4. Schematic interview chart used to aid in the stimulated recall interview.
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The way the interview is structured, going through the layers
outlined intheinterview scheme, lendsthe stimulated interview
implemented in our study affordances that are especially
important for thefield of social media (and well-being) research.
First, use of video footage of the participants’ activities allows
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usto consider time; research hasindicated that we cannot expect
people to accurately recall what was done [29], let alone
accurately recall in what order. With the video footage as a
foundation to construct our image of people’s smartphone and
social media behaviors, we can pinpoint time stamps to in-app
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behaviors (eg, liking apost, reading/scrolling, typing amessage,
browsing the internet), app switching behaviors, and behaviors
like switching from using the smartphone to doing something
offline (eg, reading). This allows for the measurement of
relatively unexplored variables such as behavior pattern
dynamics (eg, whether participants engagein long bouts or short
bursts of different activities or whether activities are triggered
by incoming notifications or self-initiated), and importantly,
allows for accurate assessments of the duration and frequency
of behaviors. When viewing the video footage, a first look is
taken at the major activity (eg, Facebook). The participant is
asked to describe why—to the best of their recollection—they
started engaging in this major activity in that moment.
Participants may indicate they had a specific goal in mind (eg,
“1 wanted to look up the profile of a girl afriend mentioned”)
or they were simply bored and they always go to Facebook
when bored. Next, the footage of the major activity isre-viewed
and dissected into subactivities done by the participant. For
instance, one participant may have scrolled the newsfeed, liked
a number of posts, and commented on one of those posts,
whereas another participant might stick to only scrolling the
newsfeed. These subactivities are noted for each major activity.
Note that the same major activity may occur multiple times,
since people often switch to other apps but then come back
afterward. Thanks to the video footage, we are able to capture
such repetitions and any differences in behavioural pattern
shapes that may occur between participants, giving a much
needed, detailed view of how exactly adolescentsinteract with
their phones and social media.

A second advantage to this method is that the interview setting
allows us to put the social back into social media research and
offers amuch more in-depth assessment of whom social media
users are engaging and interacting with on these platforms.
Social media are, of course, meant to enable socia interaction
between people al over the world. Additionally, the types of
people (eg, family members, friends, acquai ntances, strangers,
celebrities) users come acrosson social mediamay differ vastly
depending on the platform. These intricacies of socia media
use have thus far been ignored in many studies of social media
and well-being and can now be addressed in the stimulated
recall interview. For each type of subactivity within a major
activity (eg, liking posts in a particular Facebook session), we
ask participants what type of other people wereinvolved in the
subactivity (eg, “What kinds of people posted the messagesthat
you liked?"). The participant is offered anumber of suggestions
(eg, “Were these messages posted by afriend of yours or by a
stranger maybe?’) and if possible, the participant’s phone is
used during the process so that the participant can accurately
recover who, for instance, posted the messagesthey liked. After
the participant describes what these people are to them, one of
6 categories is written down next to the subactivity involved:
friends, family, romantic partner, acquaintances, strangers, or
celebrities.

A final advantage to our approach is the in-depth, qualitative
nature of the data we can collect. Thisincludes what users did
on socia mediaand who they interacted with but also how these
behaviors and experiences made them feel. Asking someoneto
describe the experience of reading afriend’s post is hard to do

https://www.jmir.org/2020/1/€15529

Griffioen et a

without the context of the post itself, and although there have
been studies attempting to artificially recreate such contexts
[51], this method provides a more reliable, ecologically
convincing account of social mediainteraction asthey emerged
spontaneously in anaturalistic context. In our stimulated recall
interview, we do not ask participants to elaborate on their
feelingsfor every post they read or emoticon reaction they gave
but, given their stimulated recollection of what they read or did,
elaborate on their feelings and experiences for the types of
activitieswithin the major activity at hand (eg, for scrolling and
viewing posts within Facebook). For each of these activities,
they indicate with asmiley how they felt in ageneral sense (on
a 5-point Likert scale; see the smileys on the bottom of the
interview scheme in Figure 4). After participants indicated
which smiley best reflected their feelings for a given activity,
we asked participants to briefly describe why they chose this
particular smiley and explain how they felt specifically. For
instance, if a participant indicated that they felt moderately
negative (smiley 2) while scrolling/browsing posts on Facebook,
they might say this had to do with the fact that they saw a lot
of negative newsand it made them alittle sad. For thisemotional
layer of the interview, no categories are used (in contrast to the
other layers of the 