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ABSTRACT
Self-care support is a key cornerstone of treatment for patients with a cardiovascular disease. The
success of any supportive intervention requires adaptation to the distinct needs of individuals. This
requirement also applies to eHealth interventions. This study investigates how experts from
multiple fields of science assess the potential success of different eHealth design strategies
when matched to key self-care needs. An online vignette survey experiment was conducted.
Nine vignettes representing different combinations of self-care needs (maintenance, monitoring,
management) and eHealth persuasive design strategies (primary task support, dialogue support,
social support) were evaluated. In total, 118 experts from 18 different countries participated in
the survey. Their evaluations show primary task support as a promising design strategy across
all self-care needs. In contrast, dialogue support and social support showed more promise for
specific self-care needs. Above all, according to experts, the success of design strategies could
be enhanced by (i) personalising the pacing of the intervention and (ii) tailoring the information
to the literacy and culture of the person. Adding to that, self-care support should distinctly (iii)
support the three self-care needs, be (iv) patient-centered, (v) support the collaboration with
caregivers, and (vi) be aligned to the life goals and values of individuals.
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1. Introduction

Cardiovascular disease (CVD) adds an alarming burden
to health care systems worldwide (Roth, Johnson, and
Abajobir 2017). A key cornerstone of treatment that
can lessen such burden is to support the self-care
goals and behaviours of patients (Riegel, Moser, and
Buck 2017). To effectively support self-care, a strategy
must consider the distinct needs of the individual,
their most relevant goals, and key behaviours (Harvey,
Dopson, and McManus 2015; Tadas and Coyle 2020).
For example, the needs of a patient with a stable con-
dition might center on the goal of improving general
health and well-being to minimise risks, which can be
achieved through the performance of healthy behaviours
such as going for a short walk every morning.

The present study investigates how the design of tech-
nology-based interventions can be tailored to better sup-
port the varying self-care needs of patients. The

approach of using technology to support health, well-
being, and health care is better known by the concept of
electronic health or eHealth (van Gemert-Pijnen, Kip,
and Kelders 2018). The study proposed different eHealth
design strategies to support distinct theory-based self-
careneeds, andasked individuals,withdiverse professional
backgrounds and expertise, to evaluate their potential suc-
cess (e.g. cardiologists, psychologists, and technology
designers). The study follows the premise that multidisci-
plinary expert stakeholders play key roles in the process
of eHealth development. In that regard, the present study
aimed to take a ‘holistic’ view of eHealth development to
capture many of the influencing factors that determine
the success of eHealth (e.g. human, technological, and con-
textual factors) (vanGemert-Pijnen,Nijland, and vanLim-
burg 2011). Therefore, the views of experts were studied to
better understand their diverse views and approaches to
eHealth design when it comes to self-care support. To

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-
nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built
upon in any way.

CONTACT Roberto Rafael Cruz-Martínez r.cruzmartinez@utwente.nl, Department of Psychology, Health and Technology, University of Twente, Cubicus
Bldg 10, De Zul, Enschede 7522 NJ, The Netherlands @RRCruzMartinez

BEHAVIOUR & INFORMATION TECHNOLOGY
https://doi.org/10.1080/0144929X.2021.1971764

http://crossmark.crossref.org/dialog/?doi=10.1080/0144929X.2021.1971764&domain=pdf&date_stamp=2021-09-03
http://orcid.org/0000-0001-9308-364X
http://orcid.org/0000-0003-3897-4436
http://orcid.org/0000-0002-0823-1159
http://orcid.org/0000-0001-6511-7240
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:r.cruzmartinez@utwente.nl
http://twitter.com/share?text=@RRCruzMartinez&url=https://doi.org/10.1080/0144929X.2021.1971764
http://www.tandfonline.com


elaborate on this approach, the following sections intro-
duce two overarching themes that inspired this study.

1.1. Designing eHealth for self-care with theory

To better understand the needs of patients, it is important
to understand self-care as a complex process involving
multiple goals and behaviours. This paper uses the
term self-care instead of self-management, self-regulation,
or other related terms, adhering to the propositions of the
Middle-Range Theory of Self-Care of Chronic Illness
(Matarese, Lommi, and DeMarinis 2018; Riegel, Jaarsma,
and Lee 2019b; Riegel, Jaarsma, and Stromberg 2012).
This theory posits that self-care entails key processes of
health maintenance (e.g. to take a short walk every
day), monitoring (e.g. to routinely measure blood
pressure), and management (e.g. to decide if a perceived
symptom is a reason to call the health care provider)
(Riegel, Jaarsma, and Stromberg 2012). This theory out-
lines the complexity of self-care because it explains how
it can be influenced by multiple, reciprocally interacting
factors such as the experience, motivation, and cultural
beliefs of the patient (Riegel, Jaarsma, and Lee 2019).
The use of theory in self-care studies also contributes to
the accumulation and curation of knowledge, thus facil-
itating progress towards the identification of the most
promising components for self-care support (Cornet,
Daley, and Cavalcanti 2020; Jaarsma, Strömberg, and
Dunbar 2020; Riegel, Dunbar, and Fitzsimons 2019;
Toukhsati, Jaarsma, and Babu 2019).

The complexity of the individual self-care process
makes it important to identify what support strategies
work best, for whom, and why (Jaarsma, Strömberg, and
Dunbar 2020; Riegel, Dunbar, and Fitzsimons 2019; Hek-
ler,Michie, and Pavel 2016). The present study specifically
investigates strategies that are embedded in eHealth
design to support the self-care of patients with a CVD.
There is alreadya lot of accumulated evidence that eHealth
can support self-care of chronic conditions, including all
types of CVD (Riegel,Moser, andBuck 2017; Greenwood,
Gee, and Fatkin 2017; Hanlon, Daines, and Campbell
2017; Kebapci, Ozkaynak, and Lareau 2020; Kim and
Lee 2017; Villarreal and Berbey-Alvarez 2020). All in all,
the promise of eHealth seems to rest on its ability to sup-
port patients while they are at their homes and commu-
nities. For instance, smartphone-based applications that
seek to remotely support self-care of patients with heart
failure or hypertension have been found to be feasible,
acceptable, and effective interventions (Cajita, Hodgson,
and Budhathoki 2017; Chandler, Sox, and Kellam 2019;
Foster 2018; Triantafyllidis, Kondylakis, and Votis 2019;
Woods, Duff, and Roehrer 2019; Chantler, Paton, and
Velardo 2016).

To effectively support self-care, an eHealth technol-
ogy can integrate multiple design strategies. The chal-
lenge of designing for self-care arises because
multiple agents and their roles must be considered
(e.g. patients, family members, informal caregivers,
and health care professionals) (Cornet, Daley, and
Cavalcanti 2020). To put an example, design strategies
can direct what type of content (e.g. information about
the disease) and mode of presentation is employed (e.g.
text or videos). Technology design models such as the
Persuasive Systems Design (PSD) model can be used to
select supportive design strategies (Oinas-Kukkonen
and Harjumaa 2009). The PSD model categorises
design strategies that aim to increase a system’s persua-
siveness, meaning how much it can motivate its users to
reach their goals (Oinas-Kukkonen and Harjumaa
2009). For instance, patients who need to improve
their general health and aim to do so by increasing
physical activity could be supported by a planner to
schedule daily exercise sessions (an example of what
the PSD model calls primary task support). Alterna-
tively, the same patients with the same need could be
supported through the delivery of motivational mess-
ages to their phones (an example of what the PSD
model calls dialogue support). Finally, the same patients
could also be supported via the enrolment in an online
support group with other individuals that share similar
goals (an example of what the PSD model calls social
support).

In practice, persuasive design strategies can be oper-
ationalised in many different ways in an eHealth tech-
nology. For instance, they can be tailored to target key
psycho-behavioural determinants that potentially
increase eHealth effectiveness (e.g. targeting an individ-
ual’s motivation to change) (Oyebode, Ndulue, and
Mulchandani 2021; van Velsen, Broekhuis, and Jan-
sen-Kosterink 2019). In studies of persuasive design,
strategies have targeted specific determinants using
theoretical frameworks such as self-determination the-
ory (van Velsen, Broekhuis, and Jansen-Kosterink
2019) or the ARCS motivation model (Oyebode, Ndu-
lue, andMulchandani 2021). In a similar way, it is plaus-
ible that different strategies could also have varying
effects on the distinct processes of self-care that are pro-
posed by the Middle-Range Theory of Self-Care of
Chronic Illness (e.g. the same factor could act as a facil-
itator or a barrier, depending on the person, the need,
and the context) (Harvey, Dopson, and McManus
2015; Tadas and Coyle 2020). Moreover, research has
suggested that persuasive design strategies such as
goal-setting, suggestions, or reminders are key com-
ponents of eHealth interventions that aim to promote
healthy lifestyles (Lentferink, Oldenhuis, and de Groot
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2017). However, in the context of CVD, no studies have
yet explored how specific eHealth (persuasive) design
strategies should actually be operationalised and tai-
lored to the diverse and dynamic self-care processes to
achieve optimal support.

1.2. Studying the tailoring of eHealth design
through vignette survey experiments

Several approaches that can be used to inform, guide,
or operationalise the tailoring of eHealth design to
the patients’ characteristics can be identified in scien-
tific publications. For instance, the use of theoretical
models to inform or justify design choices, the cre-
ation of ‘representative’ user profiles to guide or
reflect upon the design work, or the development
of data-driven adaptive features to operationalise tai-
loring during implementation (Cruz-Martínez, Sie-
verink, and Wesselink 2018; Haldane, Koh, and
Srivastava 2019; Mawson, Nasr, and Parker 2016;
Wais-Zechmann, Gattol, and Neureiter 2018; Wilde-
boer, Kelders, and van Gemert-Pijnen 2016). How-
ever, in the specific case of tailoring for CVD self-
care, this type of information is still often lacking
or left unclear in published reports. Case in point,
a recent review of eHealth interventions within this
scope showed that the vast majority of theoretical
models used to inform their design was not suitable
to capture all relevant factors (e.g. developers did
not consider technology-driven models) (Cruz-Mar-
tínez, Wentzel, and Asbjørnsen 2020). In general,
detailed descriptions of the guiding design
approaches was lacking, making it difficult to identify
what type of knowledge informed, guided, or was
used somehow to tailor an intervention (Cruz-Martí-
nez, Wentzel, and Asbjørnsen 2020). As noted
before, the approaches that expert stakeholders
adopt to inform, guide, or operationalise eHealth
design matters because their choices can end up
determining the success of an intervention. Thus,
here lies a gap in the case of CVD self-care, because
previous works have not directly studied how or why
specific eHealth design strategies could be successful
at supporting some self-care needs, while being less
promising for others.

To bridge the aforementioned gap, it is important to
identify how eHealth could be tailored to ensure an
optimal match between different types of design features
and the dynamic self-care needs of patients with a CVD.
For example, to identify what influencing factors could
be the most relevant for a patient with an outstanding
maintenance need, and then select the eHealth design
features that could best support them. To pursue that

goal, one could consider developing contrasting ver-
sions of a particular eHealth intervention, then deliver
each version to a suitable amount of individuals, and
finally observe their outcomes before making an
informed decision for the best tailoring approach. How-
ever, that could be a highly inefficient way to meet the
goal, as it would take time and resources to develop
and test multiple designs of the same intervention.
Alternatively, to study the potential effect of eHealth
design strategies on distinct self-care needs, and to go
beyond what can be found in the literature, the present
study proposes to form a multidisciplinary panel of
experts that can directly tackle the gap and pursue the
main goal (e.g. experts such as cardiologists, nurses,
technology designers, or psychologists who conduct
research on eHealth or use it in their professional prac-
tice to treat CVD).

Certainly, it must be noted that the views of experts
can only provide a partial view on the matter, as it leaves
out the perspectives of patients. However, the present
work adopts a holistic view of eHealth that seeks to
explore the views of all key stakeholders who are
involved in the process of design and development
(van Gemert-Pijnen, Nijland, and van Limburg 2011).
For that reason, the study holds the premise that sys-
tematically assessing the views of experts on the tailor-
ing of eHealth design for self-care is a feasible and
relevant step that can begin to bridge the observed gap
in the published literature at the crossroads of self-
care, CVD, and eHealth (Cruz-Martínez, Wentzel, and
Asbjørnsen 2020). That is, because published literature
does not always clarify how eHealth researchers and
developers underpin their design choices (e.g. in theory,
empirical studies, or intuition). Nevertheless, expert sta-
keholders play important roles in determining how sup-
portive strategies are matched to the needs of
individuals in the target population. Thus, studying
their views and decisions could provide a deeper under-
standing of how eHealth design can be tailored to best
support self-care.

Importantly, when a panel of experts is involved, it is
necessary to collect and analyse data in such a way that it
derives valid and structured conclusions, rather than
just a collection of multiple and diverse opinions. To
this end, a vignette survey experiment was proposed as
a suitable method. Vignettes are short, systematically
varied descriptions of situations or persons (Atzmüller
and Steiner 2010). In a vignette experiment, respondents
are confronted with vignettes that are composed of a
(randomised) combination of different factors (which
is why they are also called factorial survey experiments)
(Atzmüller and Steiner 2010; Auspurg and Hinz 2015).
The experimental approach aims to identify how each
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factor might causally affect individual responses to the
contextualised, hypothetical settings depicted in the
vignettes (Atzmüller and Steiner 2010). The vignettes
can be presented to respondents within the survey in
many different forms, for example using keywords, nar-
rative text, pictures, audio, or videos (Atzmüller and
Steiner 2010). The vignettes can also provide rich quali-
tative data because they generate reactions to stimuli
that seeks to closely resemble realistic situations (Jack-
son, Harrison, and Swinburn 2015). In short, this
study proposes that a vignette survey experimental
approach can facilitate the collection of key, contextua-
lised information from experts, which will advance
knowledge of how distinct eHealth design strategies
can better match specific self-care needs of patients
with a CVD.

1.3. Aim

The present study aims to investigate how experts from
multiple fields of science (such as medicine, psychology,
or technology design) assess the potential success of
eHealth design strategies when matched to the specific
processes of self-care maintenance, monitoring, and
management. The multidisciplinary perspective is
important to capture various dimensions of factors
that are often missed by discipline-specific studies.
The results of the study will provide practical knowledge
on which eHealth design strategies are potentially more
effective than others, and why. This practical knowledge
will be used in future studies to design and test proto-
types that are tailored to specific needs, relevant goals,
and key behaviours. The main research questions of
the study are:

(1) What eHealth design strategies are most promising
(i.e. perceived to be successful), according to the
views of experts, to support distinct self-care
needs of patients with a CVD?

(2) According to the views of experts, what factors can
explain the high or low promise (i.e. perceived suc-
cess) of eHealth design strategies to support distinct
self-care needs of patients with a CVD?

To assess the external validity of the results, an
additional question was also of interest: how realistic
are the cases depicted in the vignettes, according to
experts from multiple fields of science? An advantage of
vignette survey experiments is precisely that they aim
to balance both internal and external validity (Auspurg
and Hinz 2015). Although it is not a main study ques-
tion, providing an answer to it could help to establish
the generalisability of the results.

2. Materials and methods

2.1. Study design

An online vignette survey experiment was conducted
(Auspurg and Hinz 2015). The survey collected both
quantitative and qualitative data in parallel. Data were
analysed separately at first but brought together at the
discussion level to bridge all key findings of the study
(Creswell and Clark 2017; Fetters, Curry, and Creswell
2013).

2.2. Experimental factors and design

To answer the research questions, a factorial experimen-
tal design was used in order to establish how single fac-
tors and their levels, as depicted and systematically
varied in the vignettes, causally affected individual
responses (Atzmüller and Steiner 2010). It must be
emphasised that, in contrast to typical experiments of
interventions in health care, vignette experiments use
short, systematically varied descriptions of situations
or persons (called vignettes) to elicit the beliefs, atti-
tudes, or behaviours of respondents with respect to
the scenarios presented within the survey (Steiner, Atz-
müller, and Su 2017). Following that rationale, the fac-
torial design of the present study included two factors,
self-care needs and eHealth design strategies, with three
levels each.

The factor levels defining distinct self-care needs
were based on the Middle-Range Theory of Self-Care
of Chronic Illness (Riegel, Jaarsma, and Stromberg
2012). The three levels were: maintenance, defined as
the performance of behaviours to improve well-being,
preserve health, or to maintain physical and emotional
stability; monitoring, defined as the process of routine,
vigilant body monitoring, surveillance, or ‘body listen-
ing’; and management, defined as the evaluation of
changes in physical and emotional signs and symptoms
to determine if action is needed (Riegel, Jaarsma, and
Stromberg 2012).

The factor levels defining different eHealth design
strategies were based on the PSD model and previous
studies on eHealth design (Oinas-Kukkonen and Harju-
maa 2009). The three levels used were: primary task sup-
port, defined as a persuasive design strategy that directly
supports the user in carrying out a primary task; dialo-
gue support, defined as a persuasive design strategy that
implements computer–human dialogue in a manner
that helps the user move towards the goal or target
behaviour; and social support, defined as a persuasive
design strategy that seeks to motivate the user by lever-
aging social influence (Oinas-Kukkonen and Harjumaa
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2009). These levels were chosen based on previous
studies of eHealth design (van Velsen, Broekhuis, and
Jansen-Kosterink 2019; Lentferink, Oldenhuis, and de
Groot 2017; Asbjørnsen, Wentzel, and Smedsrød
2020) and because in the PSD model they are broad,
easily distinguishable categories that can include more
specific principles to persuade users into behaviour
change. For example, differentiating the previously
defined categories could be easier and more relevant
than differentiating ‘reminders’ from ‘suggestions’,
both of which are specific principles placed under the
dialogue support category.

The factorial design resulting from the combination
of these factors and levels delivers a population of 9
different vignettes (3 × 3 or 32). Figure 1 presents an
overview of the nine vignettes, and Figure 2 in the
next section presents an example of a vignette design
and structure, as it appeared in the survey. For easier
comparison, Appendix 1 presents a full list of key
study definitions that are also described throughout
the paper. Moreover, Appendix 2 provides the full tex-
tual summaries of each vignette factor level.

2.3. Vignette design

To provide valid answers to the research questions, each
vignette in Figure 1 must accurately describe a hypothe-
tical scenario aligned to the corresponding combination
of factors. To accomplish that, in each vignette the self-
care need was represented with a short video that
described the situation and self-care needs of an individ-
ual with a CVD (left in Figure 2). To complement the
vignette, the persuasive design strategy was represented
by a visual mock-up of an eHealth intervention (right
in Figure 2).

Specific cardiovascular conditions were used to make
each case more realistic and contextualised. For that,
three different conditions were selected to represent
each self-care need (left in Figure 2). Coronary heart dis-
ease was selected for the maintenance need, hypertension
for the monitoring need, and heart failure for the man-
agement need. An overview of CVD self-care studies
shows that these three conditions demand engagement
in all self-care needs (Riegel, Moser, and Buck 2017).

On the other hand, a mock-up was created to contex-
tualise the presentation of key components for an eHealth
intervention (right in Figure 2). Mock-ups are a way to
provide medium-fidelity representations of a design, and
can complement other forms of description such as text
or diagrams (Burns 2018). A smartphone app was chosen
as the mode of delivery because it is often used in eHealth
interventions that combine monitoring and coaching to
promote healthier lifestyles, and several examples were
known by the research team from periodic literature
searches and a systematic review of eHealth interventions
for CVD (Cruz-Martínez,Wentzel, and Asbjørnsen 2020;
Cruz-Martínez, Noort, and Asbjørnsen 2019). In short,
the mock-up mimicked a smartphone app, its interface
and presented a visualisation of active technological
devices and its key ingredients. To make sure the depic-
tions of the self-care needs or design strategies were
clear, each vignette was iteratively revised with input
from researchers of the department of Psychology, Health
and Technology of the University of Twente, who were
not involved in the study.

2.4. Survey design

To answer both research questions, it was important to
obtain sufficient assessments for all vignettes. However,

Figure 1. Factorial combination (32) for the vignette survey experiment.
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principally to make it less burdensome and repetitive for
respondents, the nine vignettes were divided into three
different survey blocks. Dividing the survey into equally
sized blocks (also called sets or decks) is a common
technique of vignette survey experiments (Auspurg
and Hinz 2015). The survey was created using the Qual-
trics software (Qualtrics, Provo, Utah, U.S.A.), and
divided in three blocks. Earlier versions of the survey
were also pilot tested with researchers not involved in
the study. Appendix 3 provides additional descriptions
of each survey section and its content.

In accordance with the experimental approach, each
respondent was randomised to one of the three different
blocks. However, each block displayed the cases repre-
senting the self-care needs in the same order: first the
maintenance need, then the monitoring need, and
finally the management need. The main difference
therefore was that each block presented a different
mock-up of an eHealth design strategy as a solution to
each case. The order was based on the propositions of
the Middle-Range Theory of Self-Care of Chronic Ill-
ness, mainly by the argument that patients must lay a
foundation on self-care maintenance first, and later
build expertise in self-care monitoring and management
(Riegel, Jaarsma, and Lee 2019; Riegel, Jaarsma, and

Stromberg 2012). Such theory-based order was pre-
ferred over total randomisation of vignettes across
respondents, primarily because respondents could
have been instinctively confused by the order in which
vignettes are presented, or became highly aware of the
aim of the study by having to rate two or more vignettes
with repeated self-care needs or eHealth design strat-
egies. Supporting this choice was evidence that shows
order effects of vignettes are minimised when vignettes
have a certain level of complexity (e.g. by video presen-
tation rather than just a short text) (Auspurg and Jäckle
2017).

As can be observed in Figure 2, for each vignette
respondents were first presented with the self-care
case video. They were then asked about how realistic
the cases seemed to them. For that, they could answer
via a 5-point Likert scale, ranging from ‘Extremely
unrealistic’ to ‘Extremely realistic’. This was followed
with an open-ended question asking about aspects of
importance to design an intervention that successfully
supports the case’s needs. In this way, respondents
were primed to think about their own expertise and
experience before presenting a mock-up. Next, respon-
dents were presented with a mock-up and were asked
about the likeliness to succeed of the eHealth

Figure 2. Example of a single vignette, its design and structure in the survey experiment.
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intervention design to support the case’s self-care need.
Respondents could also answer via a 5-point Likert
scale, ranging from ‘Extremely unlikely’ to ‘Extremely
likely’. After providing this rating, respondents were
finally asked an open-ended question about the circum-
stances under which according to them the intervention
would not work to support the self-care needs of the case
presented.

2.5. Sample size and recruitment

The recruitment objective was to collect a minimum of
30 responses per vignette from experts and to random-
ise to each survey block to achieve balanced groups.
Based on that objective, a minimum sample size of
100 participants was determined. Between January
and April of 2020, 752 experts were invited to partici-
pate via e-mail. The list of potential participants was
created by searching scientific publications, pro-
fessional networking platforms (e.g. LinkedIn and
ResearchGate), and websites of relevant institutions
(e.g. directories of universities, medical associations,
or research centers). Snowball sampling was also
used, prompting those first invited to refer other
experts. The survey was only accessible to individuals
who received an invitation link via e-mail by the
main researcher (RCM). In the case of referrals, their
expertise and experience were checked before sending
an invitation to participate. On top of that, the exit
questions asked background information and an e-
mail for a potential follow-up.

Although it was not possible to certify with a hun-
dred percent confidence who was sitting behind the
screen responding to the questions, the aforementioned
steps were considered to provide sufficient confidence in
the identity, expertise, and experience of the respon-
dents (i.e. the pre-screening, the individual invitation
links, and the exit questions). As a selection criterion,
expertise was defined as having cross-disciplinary or
domain-specific knowledge in one of the key topics of
the survey, which could include but not be limited to
medical, behavioural, computer and informational sys-
tems engineering, design, human-technology inter-
action, human factors and ergonomics, and business
or innovation. In addition, experience was defined as
having led, participated, or consulted in projects of rel-
evance to the topics of the survey. The projects could be
related to academia, health care institutions, private
industry, or policy-making. Ethical approval was
obtained from the ethical committee of the Faculty of
Behavioural, Management and Social sciences of the
University of Twente (request number 191396).

2.6. Data analysis

2.6.1. Quantitative data
To answer the first research question, about the identifi-
cation of the most promising eHealth design strategies
to support specific self-care needs, it was hypothesised
that vignette factor levels (the specific need or the design
being presented) would have significant effects on the
ratings, mainly by interactions between each other
(e.g. that for the same case, different designs have higher
or lower chances to be rated higher in the success scale).
Quantitative data were entered into SPSS version 26
(IBM Corp., Armonk, New York, U.S.A.). Descriptive
statistics (e.g. percentage distributions) and generalised
linear mixed modeling (GLMM) were used due to the
ordinal measurement level of the outcome variables
and the hierarchical structure of the data (Garson
2013; Heck, Thomas, and Tabata 2013). The dependent
variables were the realism and success ratings given to
the vignettes, while the independent variables were the
vignette factors being rated. As an external validity
check, the realism of each case presented was first exam-
ined. For this, it was expected that realism ratings would
not differ between cases. For the GLMM of the success
ratings, the five-point scale was collapsed into three cat-
egories because both the ‘Extremely unlikely’ and
‘Extremely likely’ categories had low counts (six, and
three, respectively). For the GLMM of the realism rat-
ings, the five-point scale was collapsed into four cat-
egories because the ‘Extremely unrealistic’ category
had only three counts in total.

2.6.2. Qualitative data
To answer the second research question, about the poss-
ible reasons argued by experts for the (lack of) perceived
success of eHealth design strategies, qualitative data
were analysed by RCM and JW with the thematic analy-
sis method (Braun and Clarke 2006). The thematic
analysis could provide support to the answers of the
first research question (e.g. why a strategy was seen as
promising) or provide expanding or contrasting evi-
dence (e.g. arguments for the potential of strategies
despite being perceived as ‘less successful’). To conduct
the analysis, the data were exported to a Microsoft Excel
2016 workbook. The analysis consisted of four steps: (1)
inductive pilot coding; (2) codebook-driven coding; (3)
analysis and revision of coding results; and (4) searching
and reviewing for themes.

The inductive coding pilot was performed indepen-
dently by two reviewers (RCM and JW) on a small set
of data extracts (i.e. individual responses to open-
ended questions), to become familiarised with the
data. Next, RCM considered the results of the pilot
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and then proceeded to code all of the data to create an
initial codebook, iteratively revising code labels and
descriptions. The codebook resulting from RCM’s full-
data coding was then used independently by JW, who
could still suggest new codes or make notes when
necessary. Once all data had been independently
coded by both researchers using the codebook, RCM
analysed the results and suggested revisions according
to the levels of agreement reached. For instance, the
highest priority of data extracts to revise were those
with no agreements between reviewers despite multiple
codes being proposed by one or both. A sub-set of these
revisions were checked and approved by JW. At this
stage it was judged that the qualitative data set had
been analysed thoroughly and additional full dual-
reviewing was not deemed necessary. To finalise, RCM
searched, reviewed, and defined the themes, receiving
feedback from JW and JGP. The most salient codes by
frequency and interpreted significance per vignette
(case by design combinations) were taken as the basis
for most themes.

3. Results

3.1. Characteristics of respondents

Out of the 752 invited experts, 118 completed the survey
(15.7% response rate). Respondents were from 18
countries in total. The Netherlands (38.3%), the United
Kingdom (10.3%) and the United States (8.4%) were the
most common countries of origin. Most respondents
categorised themselves as a ‘researcher’ (66.1%), rather
than a ‘developer or implementer’ or a ‘health care pro-
fessional or provider’. Table 1 presents an overview of
the respondents’ expertise. Appendix 4 provides more
details about the respondents’ characteristics.

3.2. Quantitative results

In total, 329 ratings were collected about both the suc-
cess and realism of vignettes. The goal was to collect
three ratings per participant but 7.1% responses were
missing (25 out of 354).

3.3. Perceived success of eHealth design
strategies

In answer to the first research question, about the
identification of the most promising eHealth design
strategies, the results show that some combinations of
cases and designs did differ with each other. Figure 3
presents all percentage distributions of the success rat-
ings per vignette. Figure 3 shows some noticeable

differences in the ratings across vignettes. For instance,
primary task support was more frequently rated as ‘very
likely’ to succeed for both monitoring (V4) and manage-
ment (V7) needs. Similarly, dialogue support for a
monitoring need (V5) was the highest rated combi-
nation. In contrast, the social support strategy was
more frequently rated as ‘very unlikely’ to succeed for
both monitoring (V6) and management (V9) needs.
Dialogue support for a management need (V8) was
also more frequently rated the same way. Interestingly,
what Figure 3 also shows is that a large amount of
experts settled for the ‘somewhat likely’ response option
when rating the potential success of eHealth design
strategies (from 48.6% for V8 up to 81.1% for V3).

Table 2 presents an overview of the GLMM output of
success ratings. Table 2 shows that some combinations
of cases and designs did significantly differ with each
other (F = 3.22; p = .013). Specifically, Table 2 reveals
that, when compared to primary task support, social
support was significantly less likely to be successful at
supporting monitoring needs (OR = .167; 95% CI
.035–.801; p = .025). Similarly, both dialogue (OR
= .147; 95% CI .028–.769; p = .023) and social support
(OR = .114; 95% CI .024–.540; p = .006) were signifi-
cantly less likely to be successful at supporting manage-
ment needs.

3.3.1. Realism of the self-care cases
The self-care cases depicted in the vignettes were
expected to be assessed as highly realistic by experts.
However, the results show that this was not always the
case. Figure 4 presents the percentage distribution of

Table 1. Overview of respondents’ expertise.

Areas of expertise
Total
(n)

Percentage
(%)

Medical sciences
Health sciences 41 34.8%
Nursing 25 21.2%
Medicine 16 13.6%
Technical medicine 3 2.5%

Social sciences
Psychology 28 23.7%
Communication science 9 7.6%
Educational science 8 6.8%
Business and public administration 7 5.9%
Philosophy 2 1.7%

Interdisciplinary sciences
Human-media interaction 15 12.7%
Human factors and ergonomics 13 11.0%
Biomedical engineering 9 7.6%

Computer and engineering sciences
Computer and informational systems
engineering

14 11.9%

Other(s) 16 13.6%

Notes: Respondents could select multiple ‘areas of expertise’, therefore per-
centages here do not add up to 100%. Sixteen respondents did not
confirm or specify their expertise themselves via the exit questions of
the survey, so their data are missing from the table.
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the realism ratings of cases and visualises how much, in
comparison to the maintenance case, the monitoring
and management cases were less frequently rated as
being ‘very’ or ‘extremely’ realistic.

The observed differencewas statistically significant (F
= 13.79; p = .000), as can be confirmed by the GLMM
output of realism ratings shown in Table 3. Specifically,
the monitoring (OR = .338; 95% CI .195–.586; p = .000)
and management (OR = .325; 95% CI .205–.516; p
= .000) case were significantly perceived to be less realis-
tic when compared to the maintenance case.

3.4. Qualitative results

In answer to the second research question, about the
arguments provided by experts to judge the potential
(lack of) success of eHealth design strategies, the

patterns of the qualitative data emphasised multiple
approaches towards eHealth tailoring. At large, experts
proposed how to tackle the multidimensional factors
that can influence the potential success of design strat-
egies for self-care support. Six major themes were
identified:

(1) Unraveling complexity to achieve patient-
centeredness.

(2) Addressing complexity by adjusting the pacing and
simplicity of eHealth interventions.

(3) Supporting persons and their circumstances, not
just as patients.

(4) Supporting collaboration between the patient and
the health care team.

(5) Targeting key objectives with eHealth support.
(6) Fitting eHealth into self-care routines.

Figure 3. Percentage distribution of the success ratings per vignette (case x persuasive design strategy).

Table 2. Fixed coefficients in GLMM of success ratings.

Variables Coefficient SE t Sig. OR

95% CI

Lower Upper

Thresholds 0 (very or extremely unlikely) −1.749 .3620 −4.831 .000 .174 .085 .355
1 (somewhat likely) 1.796 .3604 4.983 .000 6.025 2.965 12.244

Management 1.204 .5277 2.283 .023 3.335 1.181 9.418
Monitoring 1.014 .5462 1.857 .064 2.758 .942 8.077
Social support .576 .4337 1.327 .185 1.778 .757 4.174
Dialogue support .404 .4813 .839 .402 1.498 .581 3.861
Management*Social support −2.172 .7905 −2.747 .006 .114 .024 .540
Management*Dialogue support −1.915 .8397 −2.280 .023 .147 .028 .769
Monitoring*Social support −1.787 .7956 −2.247 .025 .167 .035 .801
Monitoring*Dialogue support .113 .8175 .138 .891 1.119 .224 5.590

Notes: Case*design fixed effect F = 3.222; p = .013; probability distribution: multinomial; link function: cumulative logit. Statistically significant values high-
lighted in bold (p = < .05).
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3.4.1. Unraveling complexity to achieve patient-
centeredness
According to experts, the success of any design strategy
depended heavily on first conducting a holistic,
thorough, patient-centered assessment. However, the
list of influencing factors could be extensive, multidi-
mensional, and naturally unknown to the health care
provider or intervention designer. In practice, experts
advised to collaboratively analyse key factors with the
patient before considering any potential solutions. The
primacy of patient-centeredness was well described by
the following quote:

To ensure the optimal personalization of the interven-
tion [we would seek to collect] baseline data around
the subjects physical condition, mental health and cur-
rent relevant behaviors, their attitudes to behavior
change and willingness to change, or to optimize each
of the various behaviors and the barriers to those
changes (i.e. how easy it is to improve behavior or
reach optimal behavior for each indicator). (eHealth
developer with expertise on computer and informa-
tional systems engineering and neuroscience)

Recurring views from experts suggested that the
highest level of complexity in such an assessment
comes with factors that are highly intertwined with
each other. For instance, what was often referred to as
the ‘social context and environment’ can be composed
of several factors. The next quote exemplifies this for
the maintenance case:

What is John’s family situation? Who makes the
decisions on what to buy from the store? Who makes
the foods John eats? Should the whole family be
included in the intervention? Does John have any
other conditions that we should be aware of? What is
the education level of John? What kind of terminology
should be used for him? In what kind of environment
does John live in? Is it possible for him to, for example,
take a walk in the neighborhood or to go to a forest for a
walk? (eHealth researcher with expertise on communi-
cation science)

Other important multifactorial aspects to consider
were about the availability of technology, its acceptability
as a potential solution to self-care needs, and finally, the
capability of the patient to actually use it for that pur-
pose. Similarly, the patient’s own previous experience
in self-care was complex because it could englobe both
favourable and unfavourable beliefs or attitudes towards
intervention components.

3.4.2. Addressing complexity by adjusting the
pacing and simplicity of eHealth interventions
According to experts, the success of design strategies
goes beyond simply matching problem A with solution
B. What matters the most is to address the problem in
the simplest, most meaningful way. To do this, experts
highlighted the importance of attuning the pacing of
the intervention to what better fits each patient accord-
ing to their experiences, abilities, or attitudes. This idea is
outlined by the next quote:

It comes down to what kind of patient is in front of you.
In case of our own mHealth [mobile health] interven-
tion, I can say that the majority of patients is cooperat-
ing without an issue. They learn about their disease and
via that route, they manage to both improve their life-
style and ask better questions to the physician. How-
ever, there are many patients who need (technology)
support. This cannot be disregarded when starting an
mHealth intervention. (eHealth implementer with
expertise on medicine)

Experts emphasised that pacing does not apply only
to the ability of using technology, but extends to the
patient’s physical or mental state and current knowledge
or skills in self-care. Therefore, tailoring also requires
adaptation to the patient’s informational, learning, or
reflective needs. This refers to what patients need to
know, how they can better get to learn it, and how
they prefer to reflect about it. For example, the following
two experts envisioned two different directions in the
provision of information for the management case:

Figure 4. Percentage distribution of the realism ratings of cases.
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I am not sure whether it is advantageous to know all
side effects of medication. I know from experience
that patients get very afraid about those side effects,
leading to negative emotions, which in turn can affect
the desired positive outcome of the intervention.
(eHealth researcher with expertise on communication
science, human-media interaction, and psychology)

I think a personal plan involves more than text mess-
ages can solve. An online ‘workbook’ with questions
and assignments that help George to deal with his
lack of knowledge on symptoms and guidelines and sol-
utions for the necessary adjustments could be an extra
intervention, and again with the guidance needed.
(eHealth researcher with expertise on health sciences,
nursing, and philosophy)

3.4.3. Supporting persons and their circumstances,
not just as patients
According to experts, despite the wide range of potential
design strategies that can be considered, the starting
point in offering support is clear: start where the patient
chooses. In other words, when supporting self-care:
prioritise the person over the patient. The next quote
exemplifies this approach for the maintenance case:

What are concrete goals in regard of daily life which are
hindered by his illness? For example, related to career,
leisure, social interactions, etc. In my view, to be suc-
cessful in goal achievement, these personal goals should
be the starting point and determine what should be
John’s medical and functional goals and subsequently
the self-care tasks/activities John should perform to
achieve these goals (medical and personal). For
example, John wants to go on a world-trip. This
requires John to be in relative good health, which can
be achieved through performing self-care activities X,
Y and Z. (eHealth researcher with expertise on
human-media interaction)

Several experts reasoned that this approach to pro-
mote self-care must leverage on a person’s intrinsic
motivation. Nevertheless, some experts also warned
that behaviour change is not just about motivation. To
help the person achieve their life goals, experts empha-
sised that all design strategies must be aware of the con-
text or the person’s circumstances:

I think simplification of the complex behavior is a good
way to support self-care. However, one also needs to
consider external factors as these are very much context

dependent. For example, John, as an old man, may find
it difficult and inconvenient to take a walk when it is
raining outside. Hence, when breaking down the tasks
into shorter steps, the system should be aware of the
context. (eHealth researcher with expertise on
human-media interaction)

3.4.4. Supporting collaboration between the
patient and the health care team
In the view of experts, the most successful strategies are
those that facilitate (rather than seek to replace) the col-
laboration between a person and the health care team.
However, experts in this study did not just prefer
warm over cold care, but also emphasised that what is
necessary is to provide health care professionals the
right tools to support the self-care process. This chal-
lenge is noted by the following quote:

How are the data to be presented to the health care pro-
fessional? Our research showed sharing is an important
motivator but professionals do not want a constant
stream of raw data and will not participate unless the
data has been intelligently presented and transferred
to them in a way that is congruent with other data
such as hospital letters. I.e. they do not like having to
log on to a website. (eHealth researcher with expertise
on health sciences and nursing)

Design strategies that skip over the process of collab-
oration could overwhelm patients, especially for the
interpretation of symptoms and the decisions about
how and when to take action. On the other hand, several
experts made the point that collaboration must still be
driven by patient-centeredness. The following quote
highlights again this important requirement:

It is pretty clear in this case scenario what healthcare
professionals think that the patient should do, and
why. What I completely miss in this case scenario is
the patient’s own intrinsic motivation. I therefore also
miss any tool and/or strategy to explore and strengthen
that intrinsic motivation. (Expert on preventive
cardiology)

3.4.5. Targeting key objectives with eHealth
support
According to experts, while health care providers are
indispensable, eHealth does have things to offer for
self-care support. One of the key objectives that eHealth

Table 3. Fixed coefficients in GLMM of realism ratings.

Case comparison Coefficient SE t Sig. OR

95% CI

Lower Upper

Management (vs. Maintenance) −1.124 .2351 −4.780 .000 .325 .205 .516
Monitoring (vs. Maintenance) −1.084 .2793 −3.880 .000 .338 .195 .586

Notes: F = 13.789; p = .000; probability distribution: multinomial; link function: cumulative logit. Statistically significant values highlighted in bold (p = < .05).
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can help with is to increase the patient’s health literacy.
Bridging the knowledge-behaviour gap was a key chal-
lenge, as it could be for the maintenance case (e.g.
understanding information about condition, medi-
cation, long-term effects). Another important objective
for eHealth is to support the habituation to monitoring
signals and symptoms. This is outlined for the monitor-
ing case in the following quote:

Why not let technology work as it already does? The
APIs [application programming interfaces] in the
mobile systems take in the measurements automatically
from internet-capable devices such as scales and blood
pressure monitors and the system could simply show
the ongoing trend and maybe the latest reading and
show if there is a gap (e.g. if the user did not step on
scales this week). (eHealth researcher with expertise
on human factors and ergonomics, and psychology)

Beyond simply monitoring, experts also highlighted
the importance of the provision of feedback, and its
potential challenges. Three key objectives that eHealth
design strategies could help with were identified in
this area: to increase awareness, to facilitate sense-mak-
ing, and to support emotional control (e.g. over anxiety
or fear). Both primary task support and dialogue support
were often endorsed as suitable persuasive strategies
that could be applied to fulfill these objectives.

3.4.6. Fitting eHealth into self-care routines
According to experts, overcomplicated and unnecessary
design strategies would only hinder eHealth’s uptake
and fit in a person’s life. However, doing this required
more than just simplicity. Remarkably, several experts
called for eHealth to be empathic, reassuring, and
empowering. In this regard, several experts suggested
that eHealth design strategies must be personalised to
reflect a person’s internal narrative of his/her condition,
for example by offering tailored messages. The following
quote gives an example of this approach:

Jane’s main problem is fear of [the consequences of her]
condition and of information that might likely tell her
that her condition is not improving. She needs to be
empowered by the technology, not disabled by it. Tech-
nology is not always positive, unless […] the interpret-
ation of results is very easy and clear, [which might not
occur] particularly if [the] technology breaks or is unre-
liable. (eHealth researcher with expertise on health
sciences and psychology)

Experts in this study also endorsed tailored prompts
to incentivise engagement and progress in self-care. The
next quote outlines this method for the maintenance
case:

Leaving the selection of the tasks to the patient may
promote selection bias towards the easiest task for

that particular patient. One possible example is the
patient selecting the ‘walk more’ goal and never select-
ing ‘stop smoking’. Maybe forcing less preferred tasks
from time to time could be more effective towards
more relevant changes in the patient’s lifestyle. (eHealth
researcher with expertise on computer and informa-
tional systems engineering)

4. Discussion

The present study pursued the goal of understanding
how to best tailor eHealth for self-care support by
matching design strategies with the distinct needs of
patients with a CVD. The goal was operationalised as
two main research questions, which can be simplified
as what works? And why does it work? When it comes
to self-care support through eHealth.

The first research question sought to identify, from
the view of experts, the most promising eHealth design
strategies that can support specific self-care needs (i.e.
under what context is a strategy most promising?). The
results showed that primary task support was seen as a
promising design strategy across different self-care
needs. In contrast to that, while dialogue support was
also promising for maintenance and monitoring
needs, it was perceived to be less promising when sup-
porting a management need. Moreover and notably,
social support was perceived to be most promising
only when supporting a maintenance self-care need.
To characterise these findings, it must be noted that a
large amount of experts settled for the ‘somewhat likely’
response option when rating the potential success of
eHealth designs (see Figure 3). That observation high-
lights the importance of the answer obtained for the
second research question of this study.

The second research question sought to integrate the
arguments from experts about the potential success of
eHealth design strategies when matched to specific
self-care needs (i.e. why would a strategy work or not
under that specific context?). The results relating to
this question were represented by six major themes.
These themes showed in general how the multidimen-
sional, complex nature of self-care presents a remark-
able challenge for eHealth design. In the following
sections, the findings of the study are discussed along
with related literature.

4.1. Promising eHealth design strategies to
support distinct self-care needs

4.1.1. Primary task support
As remarked above, the results suggest that primary task
support could be a promising eHealth design strategy
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across different self-care needs of patients with a CVD.
In light of the themes of the qualitative data, the promise
of this strategy seems to rest on the potential simplifica-
tion of the various tasks across different self-care goals
(maintenance, monitoring, and management). Experts
suggested how different operationalisation of primary
task support could match the varying behaviours across
the theory-based self-care processes. For example, by
setting personally meaningful goals for self-care main-
tenance (e.g. to support engagement in physical
activity), facilitating self-care monitoring through auto-
matic measurements (e.g. to support symptoms moni-
toring), or lowering the threshold of communication
with the health care team for self-care management
(e.g. to support collaboration with clinicians).

Research from the perspective of end users supports
the large andpromising applicability of primary task sup-
port strategies that was noted by experts involved in the
present study. For instance, research on how eHealth can
support long-term weight control has shown that end
users could benefit from direct support to their self-regu-
lation skills (Asbjørnsen, Wentzel, and Smedsrød 2020).
Adding to that, primary task support principles within
the PSD model such as ‘reduction’ (e.g. stepped, short-
term goals) or ‘personalization’ (e.g. self-set goals) have
been recognised as necessary components that can help
achieve health outcomes (Lentferink, Oldenhuis, and
de Groot 2017). Likewise, literature with a clinical per-
spective argues that these types of components could
also help promote the underlying principle that there
must be a shared responsibility between health care pro-
viders and patients (Tadas and Coyle 2020; Riegel,
Jaarsma, and Lee 2019). In the present study, respon-
dents with clinical expertise often emphasised the impor-
tant balance between giving the patient the initiative
while at the same time not leaving them completely
alone in the process. In contrast to that, respondents
with technical backgrounds rather emphasised the
potential of eHealth to simplify or automatise tasks that
could decrease the burden to the patient.

4.1.2. Dialogue support
In turn, the dialogue support design strategy was seen as
promising for maintenance and monitoring needs (or at
least as much as primary task support), but less so for a
management need. According to several experts, the
most salient barrier for the success of dialogue support
was actually the fragility of the person depicted in the
management case, and not the design itself. For some
experts this combination was even unrealistic because
someone like George (the fictional person depicted in
the management case) would not be left alone or even
‘trusted’ with only technology to manage his own

condition. Therefore, dialogue support seemed to be
frequently judged by experts to be inadequate when
the case at hand showed a dire need for more direct
help and guidance to ensure the safety of the patient.
These views made evident that another important objec-
tive for eHealth support was to minimise risks and con-
tribute to ensure the patient’s safety.

The aforementioned insights aligns with research
that has shown end users do appreciate dialogue sup-
port strategies such as receiving suggestions or remin-
ders, as they could help them build confidence or
motivation towards their goals (Oyebode, Ndulue, and
Mulchandani 2021). Furthermore, related literature
also supports the important requirement – noted
repeatedly by experts involved in the present study –
that communications must be timely, context-aware,
and customisable by end users (Vo, Auroy, and Sarra-
don-Eck 2019). In that sense, the arguments in favour
of dialogue support put forward by experts echoed the
importance of underlying principles that eHealth devel-
opers and implementers should consider when aiming
to support self-care. For example, on the principle of
patient-centeredness, which under this context meant
to ensure that communications from the technology
stay relevant to the patients’ preferences and personal
circumstances (e.g. literacy level and culture).

4.1.3. Social support
In the case of the social support design strategy, its merit
was strikingly judged by many experts to be lower for
the monitoring and management needs (when com-
pared to the maintenance need). First, it might not be
surprising that this strategy fits well with maintenance
needs, as the importance of social support has been
identified in self-care studies (Fivecoat, Sayers, and Rie-
gel 2018; Won and Son 2016). Furthermore, there is evi-
dence that individuals appreciate eHealth design
strategies that aim to motivate them through social
competition or compliments that they receive from
others through digital means (van Velsen, Broekhuis,
and Jansen-Kosterink 2019). However, those works
have not distinguished between self-care processes as
done by the present study (i.e. to identify if the afore-
mentioned benefits apply to self-care monitoring and
management tasks).

The results of the present study in fact suggest that
the proposed operationalisation of the social support
design strategy, as a chat function to facilitate peer sup-
port, was the main reason for the lower promise to sup-
port both the monitoring and management needs. For
example, for the monitoring need, experts found it
difficult to conceive how social support could promote
or facilitate the corresponding behaviours such as to
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routinely measure blood pressure. Moreover, experts
reasoned that this strategy entailed too many pitfalls
when it came to support management needs. For
example, potential risks caused by misinformation or
lack of supervision over interactions between patients.
Research on social support has supported the ambiguity
of this type of strategy as signaled by the present study.
For instance, social support has been noted to act as
both an important facilitator or barrier for the adoption
of self-care solutions (Harvey, Dopson, and McManus
2015). Extending on that, a meta-review of qualitative
studies with patients supports the view that such strat-
egies might only be appreciated by specific sub-groups
(e.g. younger individuals) or work under specific cir-
cumstances (e.g. when there is social isolation) (Vo,
Auroy, and Sarradon-Eck 2019).

4.2. Tailoring eHealth design to the self-care
needs of cardiovascular diseases

Largely, for many of the multidisciplinary experts
involved in this study the optimal eHealth design
includes but goes beyond simply selecting a specific
design strategy to support a targeted need. Instead,
experts offered multiple recommendations through
which eHealth could be optimally tailored to best sup-
port the complex and dynamic self-care processes in a
way that accounts for the many influencing factors
(see the qualitative data themes). The most outstanding
optimisation strategies collected by the present study are
summarised in Figure 5 as a visual joint-display of both
quantitative and qualitative insights. The figure outlines
examples of how eHealth design can be optimised to

match distinct self-care needs. It centers on instances
where eHealth (persuasive) design strategies were
found to be most or least promising, according to the
assessments of multidisciplinary experts.

Figure 5 must be considered in light of the six major
themes identified in the qualitative data, which provide
an underlying context to the numerical ratings given by
experts. Mainly, experts in this study highlighted that
the key principles of patient-centeredness and the
need to support collaboration between the patient and
the health care team must always guide the tailoring
process. This aligns with research that endorses the
importance of patient-centeredness for self-care
remote-support (Harst, Lantzsch, and Scheibe 2019;
Harst, Timpel, and Otto 2020) and the collaboration
between patients and health care providers (Nordfonn,
Morken, and Bru 2019). Adding to that, experts pointed
to many of the multidimensional factors that can
increase the complexity of individual cases and thus
hinder the potential success of any eHealth design strat-
egy (e.g. availability of social support, comorbidities,
attitudes and beliefs). This multifactorial, complex
nature of self-care has been observed in previous
works, especially in those that collect the experiences
and perspectives of patients with CVD (Vo, Auroy,
and Sarradon-Eck 2019; Harst, Timpel, and Otto 2020;
Nordfonn, Morken, and Bru 2019).

Notably, several experts argued that an optimal
eHealth design must ‘strive for simplicity’, which
could be achievable by adjusting the pacing of the inter-
vention and tailoring information to key factors such as
literacy and culture (especially for dialogue support).
Finally, experts suggested that eHealth is most optimally

Figure 5. Optimisation of eHealth persuasive design strategies to support self-care of patients with cardiovascular diseases, according
to the views of experts.
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tailored when it targets problems where technology
offers opportunities that other supportive solutions do
not. For example, the availability of evidence-based
knowledge about CVD and self-care via digital edu-
cational materials, the support for habituation to key
healthy behaviours via prompts or reminders, or the
facilitation of self-awareness and sense-making through
self-monitoring and feedback.

4.3. Strengths and limitations

Naturally, this study had its strengths and limitations. One
strength is that researchers frommultidisciplinary fields of
science were actually included. However, a limitation in
that respect was that most respondents self-identified as
‘researchers’ rather than ‘developers/implementers’ or
‘health care providers’, whichmeans the views of the latter
are underrepresented. Moreover, the general approach of
the study to involve only experts and not end users natu-
rally limits its findings to a partial view on thematter. Cer-
tainly, neither this nor any single study can provide
definitive answers to the question of how to tailor eHealth
design strategies for self-care.However, the findings of this
study are argued to be important because they display how
the diverse views of experts can have an impact in the
design of eHealth for self-care. In that regard, while there
are multiple publications that collect the experiences and
attitudes of patients towards eHealth, how experts use
that knowledge to inform eHealth design had been harder
to find in the literature.

Regarding the use of vignettes, while their presen-
tation was pre-tested, two patient cases depicted in
them were perceived by some experts to be less realistic.
For instance, as several experts debated the representa-
tiveness of the monitoring case. Although Jane’s case
(the patient depicted in that case) was inspired by inter-
ventions focusing on titration of medication for patients
with uncontrolled hypertension, the vignette did not
make this clear (Chandler, Sox, and Kellam 2019;
Band, Bradbury, and Morton 2017). Because of this,
the findings of the study must be considered in light
of the specific operationalisation of factors used for
the vignettes (e.g. the monitoring case presented as a
patient with hypertension, or the social support strategy
operationalised as a peer support chat function).

Additionally, it could be seen as a limitation that the
data were collected through an online survey, making it
impossible to be a hundred percent confident of the
background of the respondents or their comprehension
of the vignettes and survey questions. All of those
aspects could have certainly influenced the results, and
other methods with different aims could have led to
different conclusions (e.g. a consensus-building Delphi

study) (Wainwright, Gallagher, and Tompsett 2010).
Finally, in terms of generalisability, it could be seen as
a limitation that the study did not consider other cat-
egories or specific principles proposed by the PSD
model (e.g. system credibility support such as third-
party endorsements) or other promising approaches
such as gamification (Radhakrishnan, Baranowski, and
Julien 2019). However, the context-based evaluations
that took place in the present study attempted to be a
representation of real-life scenarios, where design
choices by eHealth developers must be made in light
of the target behaviours, context of use, and many
other influencing factors. In short, since the tailoring
of eHealth design must always be context-specific,
enacting that context is exactly what the present study
attempted to achieve with the use of vignettes.

4.4. Future work and opportunities in eHealth
design for self-care

The findings of the present study add in to important
ongoing discussions about eHealth design and develop-
ment. While this study centered on the self-care needs
as guiding determinants for tailoring, there are many
other influencing factors that play a role as facilitators
or barriers for self-care. Arguably, some factors such
as motivation or social support have been extensively
studied, while others such as personal values or cultural
practices are influencing dimensions that require
further exploration. For instance, there is already a
body of knowledge about the roles of personal values
among individuals with chronic conditions, but these
works have not yet been translated to eHealth appli-
cations to self-care (Lim, Berry, and Hartzler 2019;
Lim, Berry, and Hirsch 2017; Berry, Lim, and Hartzler
2017). Similarly, the influence of cultural factors has
been studied in the specific context of CVD and self-
care (Osokpo and Riegel 2019), and has been observed
in investigations of eHealth persuasive design for
other target behaviours, but nevertheless many ques-
tions remain (e.g. how to best tailor eHealth to cultural
factors) (Orji, Nkwo, and Ajah 2021). Understanding
how these factors can inform eHealth design could sig-
nificantly enhance the effectiveness of self-care suppor-
tive interventions.

On the broadest view, the present study showed how
theory can be used to create and propose potential
design solutions (using vignettes) and how to collect
not just opinions but contextualised and rich insights
from experts with different backgrounds and areas of
expertise (using a survey experiment). These contri-
butions are important, because there is an ongoing
debate about the usefulness of theory in the design
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and development of interventions (Hagger and Weed
2019). It must be noted that, as used in this study, the-
ory-based vignettes are different from other typical rep-
resentations such as personas because they focus on
distinguishing behavioural patterns or needs and not
on representing ‘average’ users (LeRouge, Ma, and
Sneha 2013). In this regard, the research team will con-
tinue to study the use of vignettes as part of focused
scenario-based testing for tailored (eHealth) interven-
tions (Cornet, Daley, and Cavalcanti 2020).

5. Conclusions

The present study sought to identify the most promising
eHealth design strategies that can support distinct self-
care needs of individuals with a CVD. In that regard,
the integrated views of experts from multiple scientific
disciplines characterised primary task support as a
promising support strategy for all theory-based self-
care needs (maintenance, monitoring, and manage-
ment). This type of support could be even seen as a pre-
requisite, as it could not only seek to simplify self-care
tasks but also help ensure the safety of patients under
the context of remote care. When compared to primary
task support, social support was considered by experts
to be less likely to succeed in supporting monitoring
needs. Similarly, both dialogue and social support
were less likely to succeed in supporting patients’ man-
agement needs. In practice, the findings of the present
study suggest that eHealth design for self-care could
benefit from a lean approach (i.e. ‘less is more’). The
involvement of experts with diverse backgrounds and
areas of expertise displayed various tailoriong
approaches to the multidimensional complexity of indi-
vidual self-care processes. Principally, experts suggested
that interventions must be simplified by personalising
their pacing to the personal circumstances of each
patient (e.g. their knowledge and skills) and by tailoring
the information they provide to their preferences (e.g.
their literacy and culture). Above all, the results of the
study endorse the view that eHealth design must dis-
tinctly address all theory-based self-care needs (main-
tenance, monitoring, and management), while
embracing patient-centeredness (i.e. the alignment
with the patients’ life personal goals and values) and
facilitating the collaboration between patients and
caregivers.
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Appendices

Appendix 1. Key study definitions

All of the key terms and concepts that were introduced in the
paper are displayed below. These are accompanied by related,
narrower or broader terms and definitions that reflect on the
study’s understanding of eHealth.

Self-care needs
Self-care: The process of maintaining health through health
promoting practices and managing illness, as specified in
our prior work. As proposed by the Middle-Range Theory
of Self-Care of Chronic Illness, self-care entails three key pro-
cesses: maintenance, monitoring, and management (Riegel,
Jaarsma, and Stromberg 2012; Riegel, Jaarsma, and Lee 2019).
Maintenance: The performance of behaviours to improve
well-being, preserve health, or to maintain physical and
emotional stability. The goal of maintenance is to maintain
health and prevent symptom exacerbations (Riegel, Jaarsma,
and Stromberg 2012; Riegel, Jaarsma, and Lee 2019).
Monitoring: The process of routine, vigilant body monitor-
ing, surveillance, or ‘body listening’. The goal of monitoring
is recognition that a change has occurred (Riegel, Jaarsma,
and Stromberg 2012; Riegel, Jaarsma, and Lee 2019).
Management: The evaluation of changes in physical and
emotional signs and symptoms to determine if action is
needed. The goal of management is effective treatment of
symptoms (Riegel, Jaarsma, and Stromberg 2012; Riegel,
Jaarsma, and Lee 2019).

Persuasive systems design strategies
Persuasive systems: Computerised software or information
systems designed to reinforce, change or shape attitudes or
behaviours or both without using coercion or deception
(Oinas-Kukkonen and Harjumaa 2009).
Primary task support: Persuasive design strategy that directly
supports the user in carrying out a primary task (Oinas-Kuk-
konen and Harjumaa 2009).
Dialogue support: Persuasive design strategy that
implements computer-human dialogue in a manner that
helps the user move towards the goal or target behaviour
(Oinas-Kukkonen and Harjumaa 2009).

Social support: Persuasive design strategy that seeks to motiv-
ate the user by leveraging social influence (Oinas-Kukkonen
and Harjumaa 2009).
System credibility support: Persuasive design strategy that
emphasises the expertise behind a system (Oinas-Kukkonen
and Harjumaa 2009). This strategy was not included in the
experiment because it was considered a prerequisite of all
interventions (i.e. trust in novel eHealth remote support sys-
tems is a known important factor), while the first three cat-
egories were considered highly relevant and worth comparing.

Ehealth
eHealth: The use of technology to support health, well-being
and health care (van Gemert-Pijnen, Kip, and Kelders 2018).
eHealth technology: The actual technological instrument via
which health, well-being and health care are supported, often
refers to information or communication technologies (van
Gemert-Pijnen, Kip, and Kelders 2018).
eHealth intervention: An eHealth technology specifically
focused on intervening in an existing context by changing
behaviour and/or cognitions (van Gemert-Pijnen, Kip, and
Kelders 2018).
Monitoring technologies: Technologies that allow the user to
collect health-related data and often also share the patient’s
data with a health care team. Examples of monitoring technol-
ogies are internet-enabled blood pressure monitors and
weight scales.
Coaching technologies: Technologies that provide feedback,
guidance, or recommendations to the patients. Coaching
technologies are often designed as web-based, mobile, or
wearable apps.

Expert selection criteria
Expertise: Defined as having cross-disciplinary or domain-
specific knowledge in one of the key topics of the survey,
which could include but not be limited to medical, behav-
ioural, computer and informational sciences, engineering,
design, human-technology interaction, human factors and
ergonomics, and business or innovation.
Experience: Defined as having led, participated, or consulted
in projects of relevance to the topics of the survey. The pro-
jects could be related to academia, health care institutions, pri-
vate industry, or policy-making.
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Appendix 2. Textual summaries of vignette factor levels

Factor level Textual summary
Self-care needs
Maintenance John has just recently been diagnosed with coronary heart disease. After an assessment by the health care team, John was

recommended to take action into actively preserving his health and improving his wellbeing. First, John needs to (1) gain knowledge
about his condition. However, he currently doesn’t know where to find information and he is completely unaware of what this disease
means for him. Second, John must also (2) engage in a healthier lifestyle. John currently lives a very sedentary life, uses his car very
often, and rarely decides to walk or cycle anywhere. His current weight and dietary habits do not comply with what has been
recommended. John also tends to drink alcohol every evening and smokes occasionally when he drinks. Third, John must (3) adhere
to the treatment as prescribed. He currently doesn’t fully understand why he was prescribed certain medications. Either way, he was
explicitly recommended to make sure to follow the prescription, because he needs to learn how his body responds to medication.
Finally, John must attend cardiac rehabilitation and make sure he does not miss his scheduled appointments with health care
professionals. It is expected that there are more cases like John’s in the target group of an intervention. How can technology support
him in the self-care of his condition?

Monitoring Jane was diagnosed with hypertension six months ago. After her recent appointment with the health care team, Jane was
recommended to take action into actively observing her body for changes in signs and symptoms in order to track the progress of her
condition. First, Jane must (1) establish a routine for monitoring the signs and symptoms of her condition. However, she has struggled
so far in keeping up with this habit. Jane is required to measure her blood pressure and weight on a daily basis. Additionally, she must
evaluate herself on a list of bodily signals and specific symptoms that are important markers for her condition. Second, Jane must (2)
know the common signs and symptoms of her condition. Currently, she often feels fear when experiencing all kinds of symptoms.
Third, Jane must also (3) know the signs and symptoms of worsening disease or complications. Based on routine monitoring, she
must be able to identify actual signals of deterioration. It is expected that there are more cases like Jane’s in the target group of an
intervention. How can technology support her in the self-care of her condition?

Management George was diagnosed with heart failure around two years ago. George usually experienced less symptoms than other patients, but
recently began to feel a more than normal increase in fatigue, among other concerning symptoms. Due to this, the health care team
recommended George to take action into actively evaluating any changes in physical and emotional signs and symptoms, to
determine when action is needed. First, George must (1) distinguish among cardiovascular symptoms and non-life threatening
conditions. However, he sometimes stills struggles to comprehend the meaning of changes and is not always able to determine if a
change in signs requires action or not. Second, George must (2) have a plan of what to do when signs and/or symptoms occur.
Currently, for him it is unclear how to implement changes in response to specific symptoms. ‘How to further reduce my dietary
sodium? How to correctly apply changes in diuretic intake?’. George doesn’t have a specific plan on how to carry out these changes
when needed. Importantly, a plan includes knowing when and which health care professional to contact. Third, George must also (3)
evaluate the effectiveness of treatment. By having situation awareness and a comprehension of events and their meaning, he could
assist the health care professionals in determining treatment that might be tried again in the future. It is expected that there are more
cases like George’s in the target group of an intervention. How can technology support him in the self-care of his condition?

eHealth design strategies
Primary task
support

This intervention design aims to support carrying out the user’s primary task. The intervention facilitates reduction (or simplification) of
a complex behaviour by providing shorter steps that lead to a long-term goal (or goal setting).

Dialogue support This intervention design aims to implement computer-human dialogue in a manner that helps users move towards their goals. The
intervention provides suggestions to engage in the desired behaviours via automatic text-based messages.

Social support This intervention design aims to motivate users by leveraging social influence. The intervention provides social facilitation by allowing
the user to interact via a live chat function with other patients who are also performing the same task.
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Appendix 3. Description of survey sections and its content

Appendix 4. Full overview of respondent’s characteristics

Section Content Methodological function and example
General information
about the study

Purpose of the research
Information about researchers and e-mail address for
questions

Survey introduction (e.g. ‘The purpose of this research study is to
investigate expert preferences on how to design interventions that
make use of coaching and monitoring technologies to support
distinct self-care needs of patients living with cardiovascular
diseases’.)

Informed consent
page

Description of activities (e.g. responding to survey
questions and providing contact information)

Description of how the information collected will be used

Compliance with ethical procedures (e.g. ‘I understand that
information I provide will be used for scientific research purposes
which could derive in published reports and used in scientific
meetings or conferences’.)

Contextual
introduction

General description of an eHealth intervention with
tailoring and self-monitoring features (e.g. through
monitoring technologies)

Description of key concepts (e.g. eHealth intervention or
self-care)

General introduction to contextualise the cases and mock-ups that are
to be presented (e.g. ‘In this survey, we present to you probable
target cases and scenarios of an intervention that aims to improve
self-care of patients with CVD. Consequently, we propose an
eHealth intervention based on monitoring and coaching
technologies to improve these cases’.)

Randomised survey
block

Three vignettes
Survey questions

Data collection (e.g. see Figure 2 in manuscript)

Exit questions Questions to gather information about the expertise of the
respondent:

. Fields or areas of knowledge

. Type of experience with eHealth (researcher,
developer/implementer, or health care professional, or
other)

. Years of experience with eHealth

. Referrals (other experts to contact)

. Contact information for follow up (if desired)

Respondent information (e.g. to confirm or specify their expertise: ‘In
which fields or areas of knowledge are you trained in? Please mark
as many as applicable in your case, consider only formal academic
training’.)

Descriptor Total (n) Percentage (%)
Areas of expertise
Medical sciences
Health sciences 41 34.75%
Nursing 25 21.19%
Medicine 16 13.56%
Technical medicine 3 2.54%

Social sciences
Psychology 28 23.73%
Communication science 9 7.63%
Educational science 8 6.78%
Business and public administration 7 5.93%
Philosophy 2 1.69%

Interdisciplinary sciences
Human-media interaction 15 12.71%
Human factors and ergonomics 13 11.02%
Biomedical engineering 9 7.63%

Computer and engineering sciences
Computer and informational systems engineering 14 11.86%

Other(s) 16 13.56%
Main activity related to eHealth
Researcher 78 66.10%
Other 11 9.32%
Health care professional or provider 8 6.78%
Developer or implementer 5 4.24%
Missing data 16 13.56%
Years of experience related to eHealth
10 years or more 26 22.03%
4–6 years 26 22.03%
7–9 years 25 21.19%
1–3 years 17 14.41%
Less than one year 8 6.78%

(Continued )
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Continued.

Descriptor Total (n) Percentage (%)
Missing data 16 13.56%
Country
European region
Netherlands 47 39.83%
United Kingdom 11 9.32%
Norway 10 8.47%
Finland 6 5.08%
Italy 4 3.39%
Sweden 3 2.54%
Spain 3 2.54%
Denmark 2 1.69%
Ireland 2 1.69%
Belgium 1 0.85%
Croatia 1 0.85%
Greece 1 0.85%
Austria 1 0.85%
Germany 1 0.85%

Non-European region
United States 10 8.47%
Canada 8 6.78%
Australia 5 4.24%
Peru 2 1.69%

Notes: Respondents could select multiple ‘areas of expertise’, therefore percentages there do not add up to 100%. In all other cases, values amount to n = 118
(100%). Sixteen respondents did not confirm or specify their expertise themselves via the exit questions of the survey, so their data are missing from the table.
The information was not included even though during recruitment their expertise and experience had been pre-screened. Finally, although it was listed as an
option, no respondents reported expertise in ‘Industrial design engineering’.
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