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Abstract

Background: The development of digital health solutions for current health care settings requires an understanding of the
complexities of the health care system, organizational setting, and stakeholder groups and of the underlying interplay between
stakeholders and the technology. The digital health solution was founded on the basis of an information and communication
technology platform and point-of-care devices enabling home-based monitoring of disease progression and treatment outcome
for patients with rheumatoid arthritis (RA).

Objective: The aim of this paper is to describe and discuss the applicability of an iterative evaluation process in guiding the
development of adigital health solution as a technical and organizationa entity in three different health care systems.

Methods: The formative evaluation comprised the methodologies of contextual understanding, participatory design, and
feasibility studies and included patients, healthcare professionals, and hardware and software developers. In total, the evaluation
involved 45 patients and 25 health care professionals at 3 clinical sitesin Europe.

Results: Theformative evaluation served as ongoing and relevant input to the devel opment process of the digital health solution.
Through initial field studies key stakeholder groups were identified and knowledge obtained about the different health care
systems, the professional competencies involved in routine RA treatment, the clinics' working procedures, and the use of
communication technologies. A theory-based stakeholder eval uation achieved amultifaceted picture of theideas and assumptions
held by stakeholder groups at the three clinical sites, which also represented the diversity of three different language zones and
cultures. Experiences and suggestions from the patients and health care professionals were sought through participatory design
processes and real-life testing and actively used for adjusting the visual, conceptual, and practical design of the solution. The
learnings captured through these activities aided in forming the sol ution and in devel oping acommon understanding of the overall
vision and aim of this solution. During this process, the 3 participating sites learned from each other’s feed-back with the ensuing
multicultural inspiration. Moreover, these efforts also enabled the consortium to identify a ‘tipping point’ during a pilot study,
revealing serious challenges and a need for further development of the solution. We achieved valuable learning during the
evaluation activities, and the remaining challenges have been clarified more extensively than a single-site development would
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have discovered. The further obstacles have been defined as has the need to resolve these before designing and conducting a
real-life clinical test to assess the outcome from a digital health solution for RA treatment.

Conclusions: A formative evaluation process with ongoing involvement of stakeholder groups from 3 different cultures and
countries have helped to inform and influence the development of anovel digital health solution, and provided constructive input
and feedback enabling the consortium to control the development process.

(JMIR Res Protoc 2018;7(7):€165) doi: 10.2196/resprot.9521
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Introduction

Digital health solutions involve the use of telecommunication
and virtual technology to deliver hedlth care outside the
traditional health care facilities [1]. The importance of digital
health solutions as a vehicle for delivering timely care over
distance is on the rise due to increased health needs that have
overwhelmed health care sectors across the globe [2]. The
widespread use of information and communi cation technologies
(ICTs) in daily life and the growing focus on patient-centered
care and self-management dtrategies have promoted an
acceptance of moving health care delivery from the established
health carefacilitiesto solutionsthat come directly into peoples
homes[3-5].

Rheumatoid arthritis (RA) is a chronic, inflammatory disease
that leads to joint damage and loss of physical function, and it
affectsabout 3.5 million individual s across Europe [6]. Current
clinical careincludes assessment of the patient’sjoints, analysis

of blood samples, and reviewing patient-reported outcomes
(PROs). The wide range of treatment options and increasingly
specific treatment goals has made the management of RA
difficult, and traditional monitoring methods typically involve
visits to the hospital that are both time-consuming and
resource-intensive.

The Horizon 2020 project eHeadth in Rheumatology
(ELECTOR) was launched in 2014 with the aim of developing
and implementing adigital health solution founded on the basis
of an ICT platform for home-based monitoring of disease
progression and treatment outcome for patients with RA. The
goal of this project was to develop a digital health solution as
an aternative to some of the standard visits to the hospital
outpatient clinic. The project was apublic-private collaboration
that included 3 outpatient clinics in the United Kingdom, the
Czech Republic, and Denmark and an international team of
hardware and software developers, clinicians, designers, and
researchers from the Netherlands, the UK, the Czech Republic,
and Denmark [7].

Figure 1. ThelCT platform enabling open-source data storage and exchange through secure internet access to a web-based graphical user interface

for patients and healthcare professionals (HCPs). PoC: point-of-care.
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In the ELECTOR project, the concept for home-based
monitoring of patients with RA encompasses an ICT platform
and point-of-care (PoC) devices as well as new methods of
organizing outpatient consultations, as illustrated in Figure 1.
The development of the solution was guided by a formative
evaluation using a range of methodologies and involving key
stakeholders across 3 health care settings in Europe. The aim
of this paper was to describe and discuss our experiences from
this 2-year evaluation process.

Methods

Study Design

The ICT platform enables open-source data storage and
exchange through secure internet access to a web-based
graphical user interface for patients and health care
professionals. The platform is available on computer, tablet,
and smartphone as a “bring your own device” initiative. The
ICT platform enables video communication, reporting of PRO
data, and connection to PoC devices that can analyze blood
samples at the patient’s home.

Several different blood parameters such as high sensitivity
C-reactive protein (hsCRP), aanine aminotransferase (ALT),
white blood cell (WBC), and hemoglobin (Hgb) are tested to
monitor RA and its treatment, and as none of the available PoC
devices can perform all these tests, 2 new PoC devices were
used. The PoC device for analyzing WBC and Hgb is not yet
approved for patient use and thus managed by hedth care
professional s attending the patient at home. The PoC devicefor
analyzing hsCRP and ALT is under development.

Withthe ICT platformwasin place, patients made an assessment
of their joints and used the PoC deviceto analyze blood samples.
They aso completed several PRO questionnaires and send the
data to the hospital. At the outpatient clinic, the health care
professionals assessed the data and responded to the patients
accordingly via synchrony (video) or asynchrony (mail).
Background information and instruction material wererequired
for both patients and health care professionals.

Leeetd

Development of the digital health solution was guided by a
formative eval uation engaging a consortium that was established
to ensure the devel opment of a solution that would be applicable
in al the 3 different health care systems. The consortium
included the project coordinator, clinical researchers from the
3 clinica sites, software and hardware developers, and an
evaluation team. The outcome of each evaluation activity was
shared within the consortium through written reports, ora
presentations, and discussions at regular meetings to optimize
mutual understanding and insight into the ICT platform and its
components.

The digital health solution was developed in 3 languages, and
variations in culture as well as treatment traditions were to be
reflected in the adaptability of acoming solution. Patients, health
care professionals, and thelocal outpatient clinic managerswere
identified as end users of the technology and thus the key
stakeholders to be included in the evaluation. Patients were
recruited through &ffiliated research departments, and we aimed
to include a diverse group of patients in terms of sex, age,
duration of RA, distance to the outpatient clinic, and
socioeconomic status. Health care professionalswere recruited
from the 3 participating clinics and included both physicians
and nurses. A total of 45 patients, 25 health care professionals,
and local managers from each of the 3 clinics participated in
the evaluation.

The study activities were approved as required by the local
health authorities in the participating countries. Study
participants received written and oral information about the
study and provided written consents.

Evaluation Methodologies and Activities

The formative evaluation included the following 3 primary
methodologies: (1) contextual understanding, (2) participatory
design processes, and (3) feasibility studies. Each of these
contained several activities that were designed along the way
asthe need for new insights emerged and because the outcome
of one activity influenced the subsequent activity. An overview
of the primary methodologies and activities is presented in
Figure 2.

Figure 2. Methodological approaches and activities used to evaluate the development of the eHealth concept.
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Contextual Understanding

Before initiating the devel opment process, we conducted field
studies and a theory-based stakeholder evaluation with the
overall aim of gaining contextual knowledge about the routine
outpatient management of RA and the ideas and assumptions
among stakeholder groups.

Field Studies

In March and April 2015, we conducted 2 days of field studies
at each of the 3 clinical sites to gather information about the
clinical context, identify the stakeholder groups, and engage
theclinical sitesin the development of the digital health solution.

We observed daily clinical practices and held informal
interviews[8] with health care professionalsand patients. Field
notes were made during the clinic visits and were used to
describe the clinical sites, key stakeholder groups, and clinical
routines in the outpatient treatment of RA.

I ntervention Theories

From April to October 2015, we conducted a theory-based
stakeholder evaluation to achieve a multifaceted picture of the
ideas and assumptions held by the stakehol der groups. Thiswas
a combination of an intervention theory approach and a
stakeholder approach aimed at improving evaluation practice
and intervention quality when various stakehol ders are assumed
to be decisive for the implementation and functioning of an
intervention. | ntervention theories are defined as presuppositions
of how anintervention may impact agiven situation by changing
or preserving it in ways that are preferable or not preferable to
asituation without theintervention or with another intervention

[9].

Initially, we developed the common intervention theory or the
so-called “principle of reason” for the concept. Thiswas based
on project descriptions, presentations of the digital health
solution, written material describing the current clinical care,
and discussions within the project consortium. Next, we
developed intervention theoriesfor each key stakehol der group.
From August to October 2015, we held group and individual
interviews with a total of 16 patients and 22 headlth care
professionals at the 3 clinics (Table 1).

A semistructured interview guide was used, and a prototype of
a PoC device served as a prompt during interviews. The
interviews were audiotaped and transcribed, and the transcripts
were categorized into the following predetermined themes: (1)
situation theory (interpretations of present challenges), (2)
normative theory (perceptions of the preferred or ideal situation),
and (3) causal theory (assumptions of how the intervention
works). A description of each theme was then formulated for
each stakeholder group and presented in a matrix comparing
the principle of reason theory with the intervention theories of
the patients and health care professionals at each clinical site.
Thisalowed the similarities, differences, and possible conflicts
between stakeholder groups to become apparent (Multimedia
Appendix 1).

http://www.researchprotocols.org/2018/7/e165/
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Participatory Design Processes

The aim of the participatory design approach was to develop
the technical systems and the related organization in close
cooperation with end usersearly in the design and devel opment
process and in a contextualized and realistic setting [10-12].
The participatory design process included workshops at each
of the 3 clinical sites as well as a design laboratory facility
established at the Copenhagen site.

Workshops

One workshop was held at each of the clinical sites between
August and October 2015. The aims of the workshops were to
gain knowledge about the overall usability of the graphical user
interface and PoC devices and to gain knowledge about patients
and health care professionals' perceptions of the digital health
solution. In total, 10 patients and 18 health care professionals
participated in theworkshops (Table 1). Each workshop included
“hands-on” sessions and “think aloud” methods [13] in small
groups of patients and health care professionals, as well as
discussions of the advantages and disadvantages of the solution
in groups of patients and health care professionals and in
plenary.

Hands-on sessions included the following steps: (1) patients
conducting a monitoring session while the hedth care
professionals observed, that is, logging on to the system,
completing the PRO questionnaires, and filling in the
(predesigned) blood test results, 2) health care professionals
logging on to the system and receiving data while the patients
observed, 3) patients and health care professionals conducting
a virtual consultation. During the sessions, the patients and
health care professional s were encouraged to comment on what
they experienced (think aloud) and share their thoughts
afterward.

Following the hands-on sessions, the groups of patients and
health care professionals discussed perceived strengths and
possihilities and weakness and challenges of the solution. These
discussions were audiotaped and transcribed. Transcriptions
and notes taken during the sessions were compiled as text,
photos, and drawings.

Design Laboratory Facility

The design laboratory was established in 2015 as a“home-like
setup” in an apartment at the Copenhagen clinic. Itsaim wasto
help devel opersto answer specific questions such as“ Doesthis
device or process work and how can it be refined? ”

In aseries of short sessions, prototypes of PoC devices, lancets
for drawing blood, and cartridgesfor blood sampling weretested
through a dialogue between the patient and designer while
iteratively sketching and evaluating prototypes and different
scenarios for blood testing (Table 1). These sessions were
observed by devel opers and aresearcher taking notes and photos
and interviewing patients.
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Table 1. Evaluation activities performed between 2015 and 2017.
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Activity

Aim

Place and participants

Data collection

Outcomes

Field studies, Primo 2015

Intervention theories, Medio
2015

Workshops, Medio 2015

Design laboratory, Ultimo
2015

Site user tests, Primo 2016

Design laboratory, Medio
2016

Pilot study, Ultimo 2016

Gaining knowledge of con-
textsand daily practice, cre-
ating collaboration, and

identifying key stakeholders.

Developing intervention
theories for key stakeholder
groups.

Insights into patient and
health care professionals’
perceptions of the digital
health solution and overall
usability of the graphical
user interface.

Testing how patients han-
dled different lancets and
cartridges for blood sam-
pling.

Testing the “lifecycle man-
agement” of thetechnology.

Test of different scenarios
for blood testing.

Totest rea-lifefunctionality
of thedigital health solution.

Outpatient clinic at the 3
clinical sites.
Actorsinvolved in the work
at the clinics.

At the 3 clinical sites.

16 patients (aged 25-75
years, 11 females) and 22
health care professionals (16
females), including 3 clinic
managers.

At the 3 clinical sites.

10 patients (aged 26-69
years, 6 females) and 18
health care professionals (13
females).

At the design laboratory.
2 patients (1 female).

Atthe3clinical sitesand the

patient’s home. 15 patients
(aged 25-83 years, 9 fe-
males) and 3 health care
professionals (3 females).

At the design laboratory.
4 patients (3 females).

At theclinical sitein
Copenhagen and the pa-
tient's home.

5 patients (aged 55-83 years,
4 females) and 1 health care
professional (female).

Observations and informal
interviews with health care
professionals and clinic
management.

Semistructured interviews
(individual and group).

“Hands-on” sessions and
“think aloud” exercisesin
small groups of patientsand
health care professionals.
Group and plenary discus-
sionsof prosand consof the
digital health solution.

Peatients drew a drop of
blood and filled a cartridge.
Sessions included observa-
tion, dialogue, drawing, and
generation of ideas.

Home monitoring for 1
week. Log datafrom thein-
formation and communica-
tion technology (ICT) plat-
form, notesfrom health care
professionals, diary, and
photos from patients.

Following a short introduc-
tion, patients performed a
blood test. Sessionsincluded
observation, dialogue,
drawing and generation of
ideas, and interviews.

Home monitoring for 3
weeks. Log data from the
ICT platform, notes from
health care professionals,
diaries, and photos from pa-
tients. Subsequently, inter-
views with the 5 participat-
ing patients.

Descriptionsof daily clinical
practices asinput for identi-
fying stakeholders and fur-

ther evaluation.

Descriptions and compar-
isons of intervention theo-
ries across stakehol der
groups. Report served asin-
put to the ongoing devel op-
ment of the digital health
solution.

Presence of developers en-
abled immediate adapta-
tions. Reports served asin-
put to the technical and the
organizational development
aswell asthe clinical value
creation.

Recommendations and opti-
mizations in afast turnover.
Provided valuable input to
the design and devel opment
of point-of-care devicesand
related test cartridges.

Descriptive analysis report-
ed for each site, resulting in
revisions of the technical
and organizational setup of
the digital health solution
and the related briefing and
communication material.

Descriptive analysis report-
ed. Served asinput to the
organizational development.

Interim analysis reported.
Indicated a “tipping point”
and aneed for further devel-
opment.

Feasibility Studies

Site User Tests

The feasibility studies included a site user test at each clinical
site and a pilot study at the Copenhagen site. These were
completed during 2016. The feasibility studieswere used to test
if an intervention could be performed in a particular setting and
to investigate how contextual factors influenced the
implementation of the technology. The aim was to provide
feedback to the developers to create learning and a basis for
adapting the technology to its actual users and the
implementation context [14].

http://www.researchprotocols.org/2018/7/e165/

Theaim of the 1-week site user test wasto assessthe“lifecycle
management” of the concept, that is, the practical aspects of
handing out, taking home, and installing the ICT platform
components. At theclinic, the patientsreceived oral instructions
on how to perform joint assessment, how to connect to the ICT
platform, and how to communicate with the clinic. The
prototypes of PoC devices, written information, a Polaroid
camera, and a notebook were then handed out to the patients.
At home, patients connected to the ICT platform from their own
computer using a secure log-in. Every second day, they
completed a joint assessment and the PRO questionnaires and
entered the results of the blood tests and aso
video-communicated with the health care professionals at the
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hospital. A total of 15 patients and 3 health care professionals
participated in the site user tests (Table 1).

Data collected from the site user tests included log data from
the ICT platform and health care professionals’ notes during
thetest. Patients experienceswere collected viaacultural probe
[15] consisting of a notebook, a Polaroid camera, and a leaflet
explaining the intended use for capturing patients’ experiences
with thedigital health solution. Based on these data, descriptive
analyses were made focusing on the patients' and health care
professionals’ attitudes toward the home monitoring concept
and experiences with the solution, including technical and
organizational issues as well as issues related to task
performance.

Pilot Study

The pilot study was planned as a 3-week pilot study with 30
patients and was conducted at the clinical site in Copenhagen
from December 2016 to January 2017. The aim of the pilot
study was to test the “rea-life organizational setup” of the
concept, and it served as a base for a subsequent outcome
evaluation (Table 1).

After getting instructions at the hospital, patients brought home
the leaflet outlining the intended use along with the 2 PoC
devices, which were then connected to the ICT platform from
their own PC using a secure log-in. Every second day, they
performed home monitoring, including joint assessment, PRO
questionnaires, blood testing (predefined results were used),
and virtual contact with the hospital.

Data included compliance with scheduled activities, use of a
hospital hotline for technical and health-related inquiries, and
experiences of patients and health care professionals retrieved
through notes, diaries, photos, and patient interviews.

Results

Contextual Under standing

Theinitial field studies enabled us to identify key stakeholder
groups and provided us with knowledge about the different
health care systems, professional competencies involved in
routine RA management, clinics' working procedures, and use
of communication technologies. For example, while RA
management in Denmark is hospital-based and patients can
choose to have blood tests at hospital or the general
practitioner’sclinic, RA management in England is collaboration
between hospitals providing RA consultations and general
practitioners responsible for undertaking blood tests and
prescribing medications. In CZ, RA treatment is primarily
located in asingle, central hospital that presents extended travel
distances for patients.

The intervention theories added valuable insights into
stakeholders perceptions of challenges in routine outpatient
treatment, their ideals for an enhanced clinical practice, and
their assumptions about theimpact of the digital health solution.
Although the comparative analysis of intervention theories did
not indicate irreconcilable conflicts across stakeholder groups
at the 3 sites, it did reveal differences in stakeholder groups
assumptions about the concept. The patients were generally

http://www.researchprotocols.org/2018/7/e165/
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very enthusiastic and envisioned greater flexibility with fewer
consultations at the clinic, thus avoiding time taken to travel
and to book and undergo regular blood tests. The health care
professionals saw not only great advantages for patients but
also challengesin relation to resources needed for implementing
new practices in an already busy schedule, uncertainty as to
which patient the concept would be the most relevant to, and
how home monitoring would impact the patient popul ation seen
at the clinic. While physicians anticipated advantages from the
extraclinical data collected, nurses anticipated additional tasks
in assessing blood tests and PRO data. This was especially the
casein UK, where PRO data are not routine and blood tests are
usually assessed by the genera practitioner. The nursesin CZ
hoped for greater responsibility in ng patient data, which
is presently undertaken by physicians. Clinic managers could
see financial, legal, and organizational challenges; however,
they could also see the possibility of fewer face-to-face
consultations, easing the limited physical capacity at the
outpatient clinics.

The principle of reason of the concept was discussed in the
consortium, enabling a common understanding of how the
concept might be developed and implemented across the 3
countries. Theresultsfrom the intervention theories al so served
asinput to the design of the future outcome eval uation.

Thiscontextual understanding informed the participatory design
processes as well as the initial considerations for the
organization and implementation of the solution. Finally, we
found that field visits to the 3 clinical sites were of great value
to the collaborative processes in the project. The value of
interactive development of the design was acknowledged
individually by all 3 countries, where both participating patients
and health care professionals acquired inspiration from the
presentation of considerations and solutions obtained at the
other sites.

Participatory Design Processes

During the workshops, patients and health care professionals
gave feedback on the user interface and PoC devices. Patients
had several ideas for improving the platform’s procedural flow,
the joint assessment tool, and the PRO questionnaires. They
also commented on the terminology used and stressed the
importance of applying commonly used terms rather than
technical terms and abbreviations. This feedback was essential
to the further refinement of the user interface. The group and
plenary discussions that followed these think aloud sessions
gave us insights into patients' and health care professionals
immediate views on the platform and devices and on the digital
health solution as a whole. The inclusion of both patients and
health care professional sin the workshops was extremely useful,
as this revealed the different perspectives of the 2 stakeholder
groups and enriched the workshop discussions.

The laboratory facility allowed a short development turnover
time for specific parts of the technologies involved. Patients
were presented with visual mock-ups and working prototypes,
and they provided valuable input in cooperation with a product
designer. The information provided was used to create new
prototypes and to fine-tune working scenarios. After testing

JMIR Res Protoc 2018 | vol. 7 | iss. 7 | €165 | p. 6
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

several lancets available on the market for drawing blood, one
was deemed appropriate for persons with reduced dexterity.

Initially, 2 PoC devices for analyzing blood samples were
chosen for inclusion in the project. Asneither device was at the
time approved for patient self-testing at home, it was decided
to test the cartridges used for blood sampling. The cartridge of
one of the initialy tested PoC devices was still under
devel opment and was changed on the basis of the feedback from
patients. The cartridge of the other PoC device was found to be
inappropriate for self-testing, and the device was thus replaced
by 2 PoC devices, which further increased the complexity of
the home-testing. Asaresult, we compared home-testing versus
kiosk-testing (patients taking blood samples in alocal setting,
eg, general practitioners’ office or pharmacy, with health care
professionals at hand), and the subsequent interviews with the
patients led us to further considerations about how to organize
the eHealth blood testing and indicated the need for more
information and instructions. The patients and hedth care
professionals testing the various devices gave valuable and
necessary feedback to the devel opers of the equipment, which
in the end saved the companies from futile investments in
nonoperational processes.

Feasibility Studies

The site user tests provided us with valuable understanding
about the time needed for patient instruction prior to home
monitoring and the handling of equipment and supplementary
materials to take home. The tests also gave us insight into the
types of challenges patients met when connecting to the ICT

platform from home and performing the tasks allocated for the
week.

Recording the extent and content of hospital help requested by
patients helped us in the subsequent establishment of patient
call centers. Log data provided information about patient
compliance and how they completed the tasks allocated for the
week. The majority of patients completed the tasks. Some
patients had difficulties connecting to the ICT platform thefirst
time, and others got confused by the short message service
(SMS) text messages reminding each of the severa tasksto be
fulfilled on the same day. Despite commenting on the amount
of time needed for examining, answering questions, and doing
blood tests, patients were still in favor of testing at home and
anticipated a possibility of recording RA-related problems in
real time as an dternative to recounting them at the time of
fixed visitsto the clinic.

The comments made by patientsin the notebook and illustrated
by photos were extensive and very useful. Patients described
their thoughts and experiences, for example, making room for
the equipment at adesk and inthe fridge, finding enough electric
sockets, needing the help of a son and aike. One patient drew
illustrations showing ideas for easy packaging and storage.

A report was produced for each site that described the lessons
learned from the hospital and home environments. These reports
were shared within the consortium and resulted in adjustments
being made to resolve the reported issues before pilot testing.

Due to a need for testing changes and devel opments since the
site user testsand to ensure time for further developments ahead
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of aclinical test scheduled for 2017, a pilot test was initiated
in December 2016. Acknowledging thetechnical changestaking
place right up to the start of the pilot study and the limited
number of PoC devices available, it was decided to test in a
series of 5 patients at atime. However, after the first 5 patients
had completed the 3-week test, it was decided to discontinue
the pilot study due to several technical challenges: (1) unstable
internet connection, (2) missing SM S text messages to patients
prior to tasks to be performed, (3) missing status updates and
warnings to health care professionals when patients did not
fulfill tasks, (4) failed connectivity between the PoC deviceand
theICT platform, (5) mechanical breakdown of one PoC device,
and (6) final information material being too complex due to
complicated PoC device instruction manuals.

These challenges resulted in patients not being able to connect
tothe ICT platform at varioustime points and video connections
being unstable and of poor quality. The result was a
disproportionate amount of resources used by patients calling
the hotlines and the health care professionals trying to fix the
technical challenges. The missing SM Stext messages and status
updates meant that some activities were not completed, and the
comprehensive information material only seemed to add to the
complexity of activities that patients were asked to perform.
Despitethis, at the subsequent interviews, the patients were till
in favor of the digital health solution but pointed to a need for
further development, the message being to make it smple and
self-evident.

The feasibility study provided decisive insights into real-life
use of the technology, including fundamental and necessary
information about challenges and pitfallsin relation to the ICT
platform and PoC devices and the information and instructions
needed and how best to organize the workflow of the
technology. Following an interim report after thefirst 5 patients
had completed the pilot testing, a time-out was decided and a
series of meetings and workshops were initiated within the
consortium aimed at supporting and consolidating further
development prior to the planned outcome eval uation.

Discussion

Principal Findings

The aim of the ELECTOR project was to develop and test a
digita health solution for home-based monitoring of RA,
including an ICT platform and supplementary components,
across 3 different health care systems. Ongoing and systematic
evaluation is important in the development of digital health
solutions[16]. Evaluations of complex interventions need to be
comprehensive and should include theoretical understanding
and development work to ensure mutual learning [14,17].
Descriptions of the development process and the impact of
ongoing evaluation also help to interpret the results of the
intervention at a later stage [18]. The development process is
ideally described as a chain of reasoning that leads from a
statement of a problem to the definition of a solution and
includesthefollowing 7 steps of identification: drivers, visions,
goal, objectives, requirements, design, and solution [16].
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The vision of the ELECTOR project was to develop a more
individualized treatment schedule that would reduce
resource-demanding visits to the hospital for patients with RA
with low disease activity, and this vision was developed and
described during the funding application process [19]. The
solution was conceptualized asadigital health solutionincluding
different components that were either under development or
already developed but needed adjustment before use by patients
with RA at home. Although the evaluation was in accordance
with the steps recommended [16], a full requirement
devel opment process was not possi ble because the devel opment
of the solution and its components was aready well advanced.
Moreover, because the overall framework for creating thisdigital
health solution was based on combining products and solutions
from various companies and embedding them in arange of very
different clinical settings, the formative evaluation thus served
as an ongoing input that enabled learning as well as adaptation
of the technical, clinical, visual, and organizational aspects of
the concept.

The development of a technology that can accommodate daily
practices of disease management across different settings
requires an understanding of the complexity of the health care
systems, organizational settings, and stakeholder groups
involved as well as of the interplay between these and the
technology in question [20,21]. Theinclusion of 3 hospital sites
representing different health care systems madeit clear that the
visualized solution can present different challengesin different
health care systems, for example, in terms of responsibilities
and competences of patients and health care professionals and
the daily routines and collaborations. The use of field studies
and intervention theories helped usto identify local visionsand
requirements related to the general implementation of the
solution as well as those that were specific to the individual
Sites.

Numerous studies point to a multiplicity of barriers related to
the implementation of digital initiatives among stakeholder
groups [22,23]. The involvement of key stakeholders and
real-life experiencesisthuscrucial. With the aim of developing
a solution that would be relevant and would give added value
to everyday practice, we established a consortium of
stakeholders to ensure ongoing feedback to guide the
development process. Thisinput and feedback contributed to a
wide range of adjustments in technical, visual, and practical
components aswell as adaptationsin the conceptual design and
organization of the digital health solution.

The learnings captured through these activities supported the
development of the digital health solution and aided in
identifying a“tipping point” [24] during apilot study. Patients,
health care professional s, and managers confirmed the relevance
and value of the overall concept as well as the organizational
setup. However, due to a range of challenges related to the
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technical components of the ICT platform, the pilot study came
to a hold, allowing further development of the ICT platform
and its components. Hence, the ongoing involvement of
stakeholders and feedback to the consortium throughout the
development process safeguarded us from initiating a large
multicenter test at a time when the technology was in fact not
ready.

Strengths and Limitations

Although the evaluation was instrumental for the devel opment
of thedigital health solution, it has somelimitations. The project
included severa nationa clusters in differing clinical settings
and related industries, and thus, the stakeholders were located
in different countries and were not readily available. Dueto the
travel distances, the evaluation team was present only a few
days at atime at the hospital clinics, and arranging interviews
with busy patients and health care professionalswas “the art of
the possible” As a result, interviews were performed both
individually and in small groups. Furthermore, the laboratory
facility was situated at a single location and involved a small
number of patients from a specific treatment context.

Thelearning implied multinational and multicultural feedback,
which was essential for the development of afully operational
set of tools for international use, including all aspects of a
system for home-based monitoring of arthritis. Though limited
by the inclusion of a relatively few patients and health care
professionals, the site user tests were valuable by the diversity
of the participating centers and gave insight into the
technology’s implementation in routine clinical practice in
several relevant hospital departments over the 3 countries
representing much of the European health care traditions.

Conclusions

This case study clearly demonstrated the advantages of
conducting aformative evaluation early in the processto guide
the development of a digital health solution. The formative
evaluation was designed to inform the development process of
asolution that aimed to be applicable and add value to everyday
practice for patients and health care professionals in the
treatment of RA in different European health care systems.
Through a series of formative evaluation initiatives, an iterative
process was implemented that included elucidating the inherent
intervention theories of the digital health solution and of the
patients, health care professional s, and managers and involving
usersin the design, testing, and adjustment of the solutions of
the ICT platform and related components. The ongoing
involvement of arange of relevant stakeholders helped to inform
and influence the development of the solution. This process
provided a basis for sequential formative testing and outcome
evaluation and revealed its value in terms of providing
constructive input and feedback, enabling the consortium to
control the development process of a novel digital health
solution.
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Multimedia Appendix 1

An example of a matrix comparing the embedded intervention theory (“Principle of Reason”) of the eHealth project with
intervention theories of patients with rheumatoid arthritis (RA) and healthcare professionals at one of the three sites.
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