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Abstract 
Childhood stroke is a rare condition that significantly impacts affected children and their 

families due to children’s frequently persisting cognitive, physical, and behavioural prob-

lems. Existing research on adult stroke shows that the built environment plays a major role 

in their (partial or possible) recovery and everyday life, but its role has been overlooked in 

children population. This multidisciplinary research study aims to investigate (1) the role 

of informal (i.e., home, neighbourhood, school) and formal (i.e., hospital, rehabilitation 

clinic, outpatient clinic) care environments in the everyday life of children and families 

confronted with childhood stroke; (2) the families’ financial burden resulting from this rare 

disease and their economic situation likely affecting the access to care, informal care 

provision and ability to carry out home modifications.; as well as (3) children’s stroke-

related cognitive impairments affecting their experiences of the built environment and their 

care. The research consists of the preparatory research phase, where existing materials 

are explored, and three main research phases, each related to one or multiple project 

objectives. A multi-method approach is adopted, including qualitative (in-depth interviews 

and participatory creative methods) and quantitative (online questionnaire and cognitive 

assessments) research methods. Participants are children affected by stroke and their 

families in Austria, Belgium and Germany. This is a 3-year project that will continue until 

the end of August 2025. Ethical approvals in all countries were obtained at the time of pro-

tocol submission, and data collection for all three research phases started in the second 

half of 2023 and is currently ongoing. This project will offer first insights into the role of built 
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(care) environments in the experiences of families affected by childhood stroke. Findings 

are expected to deliver information on their design to improve the life of children affected 

by this rare disease and their families.

Introduction
The Building Support for Children and Families Affected by Stroke (BUILD CARE) research 
project aims to investigate the role of the built environment in the everyday life of children 
affected by childhood arterial ischemic stroke and their families, which is a rare disease. This 
project is conducted by researchers from three disciplines (architecture, health econom-
ics, and medicine/cognitive neuroscience) in three European countries (Austria, Belgium, 
and Germany). This study protocol is a result of the collaborative multi-disciplinary and 
multi-partner effort to develop a shared research framework for different research stages, such 
as ethics applications in three countries, participant recruitment strategy, the ethical and prac-
tical aspects of data collection (including preparatory research), and interdisciplinary synthe-
sis of research results (e.g., in the form of design recommendations and user profiles).

This protocol paper outlines the research aims, methods and procedures developed to 
investigate this complex research topic. The development of this study protocol started 
during the research proposal development as a collaboration of the involved multi-
disciplinary team. Subsequently, it underwent modifications to conform to the ethical 
requirements of each participating country, resulting in the version presented here. This 
protocol version covers most of the planned research approach within the BUILD CARE 
project. Research plans described under ‘Planned further steps’ are contingent on the results 
of the research phases presented below, with the methods and procedures being refined as 
the project progresses.

Importance of the built environment
The term ‘built environment’ refers to human-made surroundings that provide physical 
spaces for various human activities. It plays a crucial role in meeting society’s basic needs, such 
as providing places to live, work, learn, travel, and enjoy leisure. A thoughtfully designed built 
environment can promote a more equitable society by accommodating the diverse needs of 
individuals and groups [1]. The built environments’ role during recovery in the adult stroke 
population is being increasingly recognised: inadequately designed environments of formal 
care facilities can cause feelings of loneliness [2], loss of control and general inactivity [2–4]. 
While home environments often need to be modified for home rehabilitation and everyday 
life after stroke [5–7], neighbourhoods and outdoor environments can present new challenges 
[8]. At the same time, research with children and young people in other patient populations 
highlights that they have highly specific characteristics and related needs in the hospital envi-
ronment [9,10] and may perceive healthcare facilities as their daily environment rather than 
‘special environments’ [11]. Given that the built environment plays an important role in the 
experiences of adults with stroke and also in other young patient populations, exploring the 
role of the built environment in the everyday life of children and families affected by child-
hood stroke deserves special attention.

Furthermore, the path towards (partial or possible) recovery is highly individual for each 
affected child due to the condition’s rarity, complexity, and often delayed diagnosis [12,13]. 
A Europe-wide model for long-term support for young people who have suffered a stroke is 
still lacking [14]. Children affected by stroke rarely receive intensive inpatient rehabilitation 
following hospitalisation, and although tertiary care is usually available when the child is 
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diagnosed, this support diminishes over time [14]. Considering the trend towards outpatient 
services in countries like Austria, Belgium, and Germany [15], patients and their families are 
likely to encounter a wide variety of care environments for treatments and therapy while their 
recovery paths are still greatly unexplored. Moreover, since childhood stroke is a rare disease, 
healthcare facilities where children receive care are likely not addressing the special needs of 
this patient population.

Children are assumed to have a higher recovery rate after stroke compared to adults, 
which is frequently not the case [16]. Even after specialised rehabilitation, stroke-affected 
children may still need ongoing support in various aspects of self-care, such as wash-
ing, dressing and bathing [17]. Parents can feel abandoned upon their return home, not 
knowing how to care for their child [18,19]. Also “hidden” behavioral changes and learning 
disorders were frequently reported that often went unrecognized by authorities, resulting in 
feelings of helplessness and a need for support among parents [20]. The nature and impact 
of home modifications needed to alleviate disabling circumstances resulting from a stroke 
have not yet been studied in families’ everyday life. In addition, a considerable economic 
burden falls on families due to out-of-pocket and indirect expenses [21]. This is especially 
difficult for families with low incomes and is aggravated by the fact that studies recognised 
the strong influence of socioeconomic background on the cognitive outcome after child-
hood stroke [22].

Most stroke-affected children experience persistent cognitive, physical and behavioural 
problems that can affect their quality of life [23–25]. Typical consequences of a childhood 
stroke include one-sided weakness (hemiparesis), ataxia, seizures and visuoperceptual deficits 
[25]. Complex cognitive skills, such as attention, executive function, visuoconstructive skills, 
processing speed, language, and working memory, have also been found to be affected by 
stroke [26,27]. Since children – like adults – interact with the built environment through their 
body and its senses, these interactions (e.g., spatial navigation and orientation) are affected 
by stroke-related body changes. It is unclear how these relate to their experiences of the built 
environment.

Identified research gaps
There are many areas of limited knowledge related to childhood arterial ischemic stroke [25]. 
The role of the built environment in everyday life in various care settings has been largely 
overlooked in relation to childhood stroke. The existing studies fail to consider how buildings 
and their spatial organisation impact the everyday life and well-being of children affected by 
childhood stroke and their family members. Given the long-term financial pressure on the 
families, it is furthermore highly relevant to estimate the (lifetime) costs of a childhood arterial 
ischemic stroke for the affected families in terms of lost income and home modifications, 
and this knowledge is currently lacking. Previous research also does not examine how motor, 
cognitive, visuospatial, and other impairments resulting from a stroke affect children’s experi-
ences and interactions with the built environment. This currently lacking knowledge is needed 
to provide support for families in the future.

Another major gap in existing research is that children’s perspectives and experiences of 
their family as a unit (including children, possible siblings, and (grand)parents) are rarely 
considered. Children and adults ((grand)parents, healthcare professionals) participate in care 
practices together. The importance of considering children’s relations with family members, 
peers, and other adults is already recognised outside of formal care contexts (e.g., play envi-
ronments, public spaces) through the shift from designing ‘child-friendly’ to ‘family-friendly’ 
environments and intergenerational spaces [28]. Therefore, giving voices to children and 
considering the family as a unit are essential.
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Project objectives
This project, focusing on the family as a unit, aims to explore the everyday life of children 
affected by stroke and their families from the built environment perspective. This topic has 
not been previously researched to the best of our knowledge. The role of both informal (i.e., 
home, neighbourhood, school) and formal (i.e., hospital, rehabilitation clinic, outpatient 
clinic) care environments in their everyday life are examined.

The BUILD CARE project adopts a multidisciplinary approach and strives for an interdisci-
plinary synthesis of research results to contribute to the identified complex research gaps and 
explore multiple factors influencing the experiences of children with stroke and their families. 
This approach is reflected in the project team structure and the outlined research objectives.

The project team includes architectural researchers with specific technical know-how and 
research expertise in healthcare environments (TU Wien, KU Leuven, TU Dresden), who 
have in-depth knowledge about stroke (in children); experience conducting architectural 
research on (care) environments with user groups considered vulnerable, including stroke 
patients; expertise in unfolding user perspectives and their experiences in the built environ-
ment, including through participatory research with children; and experience in dissemi-
nating and incorporating research results (in)to the design of (health)care settings and built 
environments more broadly. The project team also involves experts in economic evaluations 
of formal and informal healthcare interventions (TU Wien) and clinical experts in devel-
opmental cognitive neuroscience, neurology, and pediatric cardiology (MedUni Wien and 
University Hospitals of KU Leuven). This protocol addresses the identified research gaps by 
focusing on the following objectives:

Objective 1: To gain a profound understanding of how formal and informal built care envi-
ronments hinder and support the everyday life of children with stroke and their families;

Objective 2: To examine the children’s health-related quality of life and families’ long-term 
financial burden due to home modifications, out-of-pocket and opportunity costs;

Objective 3: To examine children’s post-stroke cognitive impairments affecting their spatial 
experiences and care.

Methods

Study design
This study has a multi-method design with several types of qualitative and quantitative data 
collected in parallel and analysed separately. Data are collected at five research sites in three 
countries (TU Wien and MedUni Wien in Austria, KU Leuven and UZ Leuven in Belgium 
and TU Dresden in Germany). We investigate the family as a unit (including children, ado-
lescents, possible siblings(grand)parents), following their path post-stroke and mapping the 
landscape of care (formal and informal) they encounter. To better understand the reciprocal 
relationship between a user and a building, different strategies are employed:

•	 Qualitative participatory research using ethnographic methods allows gaining nuanced 
insights into how children and families experience and interact with the built environment 
and into how they adapt it in use.

•	 An online questionnaire examines the economic burden on families caused by home modi-
fications and opportunity costs for all studied countries.

•	 Cognitive assessments further inform the understanding of children’s experiences and inter-
actions with built care environments.
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The research approach consists of Work Package 0 as the preparatory phase that builds the 
foundation for developing this study protocol and three main research Work Packages (Work 
Package 1-3) conducted in parallel (Fig 1). Each of the three main research Work Packages 
relates to one or more research objectives.

Work package 0 (preparatory research phase)
In this research phase, publicly available existing materials such as autobiographical books/
stories, children’s books, journal articles and YouTube videos were explored to gain a better 
understanding of the experiences of families affected by childhood stroke. As childhood stroke 
is a rare condition, these sources were invaluable for gaining insights into the families’ every-
day experiences and the built (care) environments they encounter. These materials were col-
lected by all involved architectural researchers in a non-systematic way. They included mainly 
stories of families (from the perspective of parents) depicting how they coped with being 
confronted with the stroke diagnosis of their child and their recovery journey and experiences. 

Fig 1.  A diagram showing the preparatory research phase (WP0) and three main Work Packages and how they connect to the research objectives.

https://doi.org/10.1371/journal.pone.0308765.g001

https://doi.org/10.1371/journal.pone.0308765.g001
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Accounts were included if they were: explicitly about a child with stroke or someone’s own 
experience of childhood stroke; in English or German; and available to the general public. 
Both children with childhood stroke and perinatal stroke were included. During this Work 
Package, architectural researchers in all partner countries adopted different approaches to 
exploring these materials (e.g., which built environments played a role in the narratives, what 
emotions were conveyed, and whose voices were heard) [29].

The findings of this preparatory phase supported our approach, especially in refining the 
planned research topics and interview questions for field research with the families. Valuable 
information was gained to consider how children with different conditions could participate 
in this research. The results of the preparatory phase helped us emotionally prepare for the 
study by developing sensitivity and empathy for this vulnerable participant group [29]. Par-
ticularly for the architecture researchers it was valuable to gain insight into the multiple and 
wide-ranging disabilities children with stroke deal with. Also, the organisational complexity 
for families combining schooling and care/therapies was important to consider in light of the 
additional burden of participating in research. This preparatory phase helped us to personally 
anticipate both the (characteristics of the) people and situations we would encounter in the 
field. This exploration also led to shaping a specific research focus for Work Package 1 in each 
partner country, explained in Work Package 1 - Part 3.

Planned research approach
Building on what we learned in Work Package 0, the three Work Packages that comprise this 
study protocol are described here, including the planned participants, methods, procedures, 
and data analysis approach.

Work package 1
Participants.  The inclusion criteria to recruit participants for Work Package 1 are 1) 

children who have suffered a single arterial ischemic stroke in one hemisphere at least 12 
months prior to inclusion; 2) they are between 6 and 14 years old, and 3) children and their 
participating family members are proficient in German (study sites in Austria and Germany), 
Dutch, French or English (study site in Belgium). As the participants of this work package 
also participate in Work Package 3 (cognitive assessments), exclusion criteria used in testing 
visuo-cognitive abilities are also adopted in this work package. Families with insufficient 
understanding of the German, English or Dutch language will also be excluded to ensure the 
validity and usability of the data gathered through the cognitive tests and to minimise possible 
frustration in the participating children.

The participant recruitment in Austria is facilitated through the Medical University of 
Vienna, in Belgium through the University Hospitals Leuven and in Germany through a 
patient advocacy organisation SCHAKI e.V. Additional participants can be recruited through 
the online questionnaire in Work Package 2 as one of the questions asks the participants to 
leave their contact information in case they are interested in participating in the interviews. 
We aim to include 10-15 families of children affected by stroke in each participating country 
(Austria, Belgium and Germany). The medical professionals involved ensure that participants 
are included in the study based on the inclusion and exclusion criteria.

Methods and procedure.  To explore the role of informal (i.e., home, neighbourhood, 
school) and formal (i.e., hospital, rehabilitation clinic, outpatient clinic) care environments, 
the architecture researchers in each country (Austria, Belgium, Germany) will visit 
participants’ homes, conduct semi-structured interviews, and use methods attuned specifically 
to involve children. The investigation builds on health geography’s notion of ‘landscapes of 
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care’ [30], which allows taking different scales into account while exploring spatial aspects of 
social, embodied, and organisational nature linked to (in)formal care and caring relationships. 
Here, care is defined as bidirectional or reciprocal and includes physical interventions enacted 
by professionals and all other ((in)formal, emotional/practical(un)paid) situated acts of 
support, including self-care [30,31]. We consider those affected by stroke - children(grand)
parents, siblings(health)care professionals – as user/experts [32] and put their experiences 
centre stage.

Participatory creative methods are used to explore and (re)present children’s experiences 
in relation to the built care environment. Participatory visual methods (e.g., photovoice) have 
a long tradition in community- and development research and have been successfully used 
in, a.o., education, domestic and (health)care settings with children and youth [9,33–35]. 
These methods invite participants to express themselves in ways other than verbally (e.g., 
by making a physical object or collage or sharing an experience) [36–38]. Using a variety of 
methods enhances the feasibility of responding to unpredictable participants’ circumstances 
while offering a degree of choice, making it more likely that they will find a suitable format to 
articulate their experiences.

Work Package 1 has four non-sequential parts (Table 1), which will be carried out during 
multiple meetings and various research activities with the participating families over a 
period of 3-6 months. Given that care experiences and practices are shaped by socioeco-
nomic, structural, and temporal processes at different locations and scales [30], these 
aspects will be included while exploring the landscapes of care. The four research parts 
are selected to investigate the families’ economic and social circumstances and the spatial, 
physical and emotional aspects of caring. Each part aims to map various aspects of the fami-
lies’ multifaceted care landscape. Part 1 looks into their socioeconomic situation, the(ir) 
child’s well-being, and the locations/institutions visited for formal care. Part 2 aims to bet-
ter understand the(ir) child’s abilities and disabilities after a stroke, which influences how 
they experience and interact with the built environment. Parts 3 and 4 delve deeper into the 
families’ experiences of the informal and formal care environments to identify where, when 
and how care is provided.

In Part 1, researchers in each country conduct a structured interview with the partici-
pating families (Table 1). The mutually agreed upon interview guide consists of questions 
intended to collect participants’ demographic information as well as information about the 
child’s health-related quality of life (taken from the KIDSCREEN-10 questionnaire, see Work 
Package 2), time for providing care/time lost from work (taken from the CIIQ question-
naire, see Work Package 2), and encountered spaces where formal care was provided and 
their experiences of built environments. These questions were selected to explore various 
dimensions of the multilayered landscape of care and capture an overview of the situation of 
participating families in each country, allowing for a comparison of the families’ situations at 
different research sites. The demographic questions map the educational background and the 
structure of each family, which might greatly influence their access to care, socioeconomic 
and gendered inequalities in giving care, as well as the possibilities for implementing home 
modifications to support the care for the child. Two further questions in Part 1 are related to 
the family’s economic situation, examining the time spent caring for the child and its impact 
on the working hours of the family member giving care. Further questions relate to the 
child’s well-being from the parent’s perspective, aiming to understand each child’s condition, 
potentially influencing what kind of care they might require. The last two questions explore 
the spaces that were attended for care after the stroke to identify formal and informal care 
environments the families encountered and spaces that do not hinder the child because of 
their post-stroke impairments.
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Part 2 includes mapping the child’s abilities and disabilities in the conversation with family 
members to gain a more comprehensive understanding of the post-stroke impairments that 
might be challenging in their everyday life. To assess the disabilities, we use the first part of 
the Housing Enabler Tool, an instrument used to evaluate housing accessibility [39], which 
addresses functional limitations and dependence on mobility aids. The Housing Enabler tool 
includes a visual representation of a human body with a checklist of various impairments 
related to different body parts (e.g., severe loss of sight, prevalence of poor balance, incoor-
dination, difficulty in reaching with arms, reliance on walking aids, etc.) (Fig 2) [39]. Where 
necessary, additional impairments and each child’s perceived strengths and abilities are added 
by the researchers.

In Part 3, each country adopts a specific, complementary focus for the interviews and 
participatory methods. This focus is chosen based on the exploration of existing materials in 
Work Package 0, where the researchers identified topics of importance in the everyday life of 
children with stroke and their families, as well as on the research interests of the researchers 
engaged in the study. The focus of researchers in Germany will be on mapping the landscape 
of care in the post-acute state of childhood stroke and exploring the family’s experiences of 
their journey through healthcare; the focus in Belgium will be on the built environment in 
a family’s everyday life; and researchers in Austria will focus on the emotional well-being of 
children and families affected by stroke.

Table 1.  Work package 1 – participants, parts and methods.

Participants Method Parts Description
Children with 
stroke and their 
family members
10-15 families in 
each country

Interviews Part 1:
Identical core 
questions in each 
country

1.	 Demographic questions
2.	 In general, how would your child rate her/his health?
3.	 Thinking about the last week, has your child felt fit 

and well?
4.	 During the last week, how much time did you 

spend providing practical support to your relative 
that would not have had to be performed if she/he 
were in good health or if she/he could have done it 
independently?

5.	 Did you reduce your working hours due to your rel-
ative’s disease/condition (e.g., to care for him/her)?

6.	 Which places/settings/institutions have been 
visited or attended for care after a stroke?

7.	 In what places does it not matter that your child 
had a stroke?

Mappings Part 2:
Identifying child’s 
strengths and 
disabilities

Mappings are generated for each child affected by 
stroke using Part I of the Housing Enabler Tool 
(www.enabler.nu/download.html, “Functional limita-
tions and dependence on mobility aids”)

Semi-structured 
interviews and par-
ticipatory methods 
attuned specifically 
to involve children.

Part 3:
Specific focus in 
each country

Germany: the landscape of care post-acute state of 
childhood stroke; family’s experiences of journey 
through healthcare
Belgium: The built environment in family’s everyday life
Austria: Emotional well-being of children and families

Building visit; 
audio-recorded 
conversation and 
researcher-made 
photos and 
floorplan

Part 4: Document-
ing experiences and 
interactions

Accompanying the family to an important building in 
their everyday life with the main question: “Show me 
around this place/building”. The following steps are 
used as a guide for the photos:
(a)	 situations that are impossible to overcome;
(b)	 situations that require assistance;
(c)	 situations that require personal tactics;
(d)	 situations that can be dealt with independently;
(e)	 and situations that are comfortable.

https://doi.org/10.1371/journal.pone.0308765.t001

http://www.enabler.nu/download.html
https://doi.org/10.1371/journal.pone.0308765.t001
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The transition from hospital discharge to home is mentioned as pivotal in existing mate-
rials. In Part 3, researchers in Germany focus on this transition from acute to chronic care at 
home, known as the post-acute phase. Central to semi-structured interviews is the question 
of which places, environments, and institutions were sought out for post-stroke treatment. 
Utilising the participatory method of “photovoice”, children are tasked to photographically 
document elements impacting various aspects of their everyday life and surroundings. These 
photographs will serve as a starting point for dialogue between the child and researchers, 
providing a nuanced exploration of their environment. Children will also guide German 
researchers through their homes, facilitating a participatory and creative exploration of their 
built environment. Important places and elements discussed with children and families are 
marked on floor plans.

In order to gain insight into the role of the built environment in a family’s everyday life, the 
researchers in Belgium conduct semi-structured interviews with interested family members 
(individually/ together), asking questions such as ‘How can you tell from this [place/building] 
that someone who has had a stroke lives or spends a lot of time here?’ And ‘Where do you feel 
the most ‘out of place’? Why is that, and how do you deal with it?’ Creative methods (drawing, 
photography) are used to support the interviews; materials will be copied/photographed. In 
addition, they expand on Part 4 with the aim to include the home and an additional building 
significant to the child/family. The guiding question throughout these visits is: ‘Can you guide 
me through this space/building?’. During the walk-along, the conversation is audio-recorded; 
the researcher and/or participant makes photographs.

Within existing materials, various factors have been identified that can negatively 
impact the emotional well-being of families. During a home visit, researchers in Austria 
employ various exploratory methods to understand the families’ emotional experiences 

Fig 2.  An example illustrating the use of the housing enabler tool to assess functional limitations and depen-
dence on mobility aids [39].

https://doi.org/10.1371/journal.pone.0308765.g002

https://doi.org/10.1371/journal.pone.0308765.g002
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in different environments. A key component of the visit involves playing a self-
developed participatory, art-based conversation game with the children to explore their 
spatial-emotional landscape. Additionally, semi-structured interviews are conducted 
with family members, primarily parents, including general questions about stroke-related 
symptoms, the impact of potential limitations on a child’s daily life, and the family’s 
experiences with care environments. Furthermore, a guided tour of the family’s home is 
conducted with the child to identify potentially hindering or supportive aspects of the 
built environment.

During home visits, a building important in each family’s everyday life will be selected 
for Part 4. The researcher(s) will accompany each participating family to this building and 
document their experiences and interactions with the built environment using a gradient in 
obstacles, based on Vermeersch & Heylighen [40].

Data analysis.  In Work Package 1, multiple data types are collected (e.g., interview 
transcripts, drawings, photographs), and the researchers in three countries adopt and develop 
different approaches to data analysis.

In Germany, data, including field notes and floor plan maps gathered during the building 
visit, are carefully (re-)read and reviewed to ensure a thorough understanding of the visit’s 
contents. Key themes are marked on the analysis sheet to capture the essence of each inter-
view. Findings are categorised by clustering into themes, with relevant interview fragments 
linked to each category.

Data analysis in Belgium roughly follows the various stages of analysis outlined by 
QUAGOL, in order to reconstruct the stories of the participating families in response to the 
research questions, grounded in the data (for more details see [41]). It is a method to guide 
qualitative data analysis originally based on a grounded theory approach – two researchers 
independently identify themes or select scenes in the various data that demonstrate features 
and qualities of families’ landscapes of care; based on re-viewing observation notes, photos, 
outcomes of participatory methods and re-reading interview transcriptions. Themes and 
selected scenes are then iteratively refined. The broader research team discusses each part of 
the analysis until a consensus is reached.

In Austria, various collected materials, such as interview transcripts, drawings, floor plans 
and photos, are reviewed and analysed thematically, combining deductive and inductive cod-
ing approaches that follow predefined coding guidelines [42]. The focus is on gaining insights 
into the spatial and emotional landscapes within different environments.

Interview transcripts and other collected data are coded using qualitative software (NVivo), 
and fieldnotes (gathered through different research activities) are (re-)read to gain a holistic 
understanding of participants’ experiences.

Work package 2
Participants.  Parents/caregivers of the 10-15 affected children in each participating 

country included in Work Package 1 are invited to participate in the online questionnaire. 
Additional parents/caregivers are reached through the project website (https://www.buildcare-
project.eu/), a flyer with a QR code leading to the questionnaire, and the patient advocacy 
organisation SCHAKI e. V.’s newsletter and social media. Because of multiple distribution 
channels, the questionnaire is expected to reach a broader sample of families beyond the ones 
participating in WP1. If the participants do not fit the inclusion criteria from WP1, this group 
can be identified based on the demographic questions in the questionnaire, which will be 
acknowledged during data analysis.

Methods and procedure.  This Work Package includes an online questionnaire 
focused on the household economics of families with children affected by stroke. This 

https://www.buildcare-project.eu/
https://www.buildcare-project.eu/
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questionnaire was developed to examine the family-incurred costs related to health and 
long-term care, the opportunity costs of time, and forgone income from labour in three 
participating countries. Two standardised questionnaires are used: KIDSCREEN-10 [43] 
and CIIQ [44], with the addition of demographic questions and questions developed by the 
researchers about the home modifications and (special) equipment needed for informal 
care (Table 2). The questionnaire is available in German (Austria, Germany) and Dutch 
(Belgium).

Data analysis.  The responses to the online questionnaire will be analysed using standard 
statistical methods, including descriptive measures of distribution, central tendency and 
variability for different groups, and correlation analysis or mean comparison (e.g., t-tests). 
Nonparametric methods for hypothesis testing, such as the Wilcoxon rank-sum test, 
will be applied if the normality assumption is violated. Importantly, the results from the 
KIDSCREEN-10 questionnaire (Part 2) and the CIIQ (Part 3) will be compared to results 
from other studies to elicit any significant differences between the study population and any 
other population groups. Finally, the questions regarding necessary home modifications will 
be analysed qualitatively to highlight the burden of direct non-healthcare costs for affected 
families.

Work package 3
Participants.  Participants in cognitive tests are the 10-15 children from families included 

in Work Package 1 in each country. Therefore, the inclusion and exclusion criteria are 
identical to Work Package 1.

Methods and procedure.  The cognitive assessment evaluates abilities and possible deficits 
in various visuoperceptual tasks (Table 3). The examination of Austrian participants takes 
place at the Neuropediatric Outpatient Unit of the Medical University of Vienna; participants 
in Belgium will be assessed at the University Hospitals Leuven. The duration of the cognitive 
testing varies between 100 and 150 minutes depending on the child’s age, motivation, 
and attention span. One or more breaks are possible according to the child’s needs. After 
completing the test, the children receive a certificate for participation.

Data analysis.  Raw scores of cognitive tests are converted into z-scores adjusted for 
age according to the standardised norms of each test. Cognitive test results will be analyzed 

Table 2.  Work package 2 – online questionnaire.

Participants Method Parts Description
Parents/caregivers of 
children included in 
Work Package 1 and 
additional families 
reached through dis-
tribution channels in 
all three participating 
countries

Online 
questionnaire

Part 1: Demo-
graphic questions

Questions related to the age and sex of the child, year 
of stroke, symptoms of stroke and information about 
the family
(S1 Appendix)

Part 2: Health 
Questionnaire 
for Children and 
Young People

KIDSCREEN-10
10-item questionnaire measuring general health-
related quality of life (HRQoL), parent version

Part 3: Caregiver 
Indirect and 
Informal Care Cost 
Assessment

Caregiver Indirect and Informal Care Cost Assess-
ment Questionnaire (CIIQ)
13 questions concerning caregiver work status and the 
provision of paid and unpaid informal care

Part 4: Questions 
related to the built 
environment

Questions related to modifications parents had to 
make to their homes because of the stroke-related 
impairments of their child
(S2 Appendix)

https://doi.org/10.1371/journal.pone.0308765.t002

https://doi.org/10.1371/journal.pone.0308765.t002
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alongside the categorical findings from the semi-structured interviews (Work Package 1) using 
subgroup analyses. Cognitive test results will further be correlated with quantitative results 
of the online questionnaire on the family’s economic burden (Work Package 2) to inform 
about possible associations between cognitive (dis)abilities of the child, its family’s economic 
burden, and the challenges in their built environment. If behavioural data are not normally 
distributed, nonparametric testing is conducted. The strength of the relationship between 
continuous variables is examined using Pearson’s correlation coefficient r or Spearman’s 
rank correlation coefficient rs. The significance of correlations is set based on a Bonferroni 
correction factor with α = .05/number of comparisons.

Planned further steps
Further research is planned within this project to expand our understanding of the perspec-
tives of healthcare professionals who care for children with stroke as well as to develop and 
evaluate design recommendations and user profiles that may be used to support the design of 
built environments that families encounter.

Formal care facilities as workplaces
Based on the previous Work Packages, the formal care environments and relevant (health)
care professionals that are important to the experiences of the children and families will be 
identified. In-depth semi-structured go-along interviews [45] are planned with (health)care 
professionals as user/experts [32] and ‘everyday designers’ [46] of their working environments 
to explore how healthcare facilities are experienced as workplaces and how they provide care 
for children with stroke. This investigation will examine aspects such as spatial barriers to and 
facilitators of children’s and families’ well-being and recovery, spatial configuration, distances 
between spaces, locations and design of common areas (when applicable), specific design 
elements planned for children, etc.

Creating user profiles (personas and scenarios)
Based on the research results of previous Work Packages, design recommendations on how 
to (re)design home and (health)care environments to accommodate spatial requirements 
specific to childhood stroke will be developed together with a persona set and scenarios that 
can be used to support design processes. Personas are user profiles [47] developed based on 

Table 3.  Work package 3 – cognitive assessments.

Participants Method Parts (Tests) Description (Cognitive domain)
Children 
included in 
Work Package 1

Cognitive 
assessments

ROCF visuoperception, visuoconstruction, 
visual memory

HAWIK-IV subtests: picture comple-
tion, digit span, letter-number sequences

perceptual logical thinking, working 
memory, analysis of visual information

Token Test for Children language comprehension
FEW-3 subtests: eye-hand coordina-
tion, drawing, figure reasoning, shape 
closure, shape constancy

visuomotor integration, visual 
perception

TAP subtests: alertness, shared 
attention

attention

Note. ROCF, Rey Osterrieth Figure; HAWIK-IV, Hamburg-Wechsler Intelligence Test for Children; FEW-3, Frostigs 
Entwicklungstest der visuellen Wahrnehmung (English: DTVP-3: Developmental Test of Visual Perception)

https://doi.org/10.1371/journal.pone.0308765.t003

https://doi.org/10.1371/journal.pone.0308765.t003
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the analysis, interpretation and comparison of quantitative and qualitative empirical data and 
presented visually and textually [48]. These personas may then be placed into various scenar-
ios, providing detailed settings and situations as a basis for communication between users and 
designers [49]. Presenting design recommendations alongside personas and scenarios can 
offer valuable insights to design practitioners and healthcare professionals into different users’ 
perspectives through vivid descriptions [50].

We will conduct focus group interviews with design practitioners to validate the applicabil-
ity of developed design recommendations in architectural practice. It is planned that design 
practitioners representing architecture firms in each of the three participating countries will 
be invited to participate in focus group interviews. A mix of smaller and larger firms will be 
sought, as firm size impacts the organisation of the design process. The developed personas, 
scenarios and design recommendations will be revised based on the results of the focus group 
interviews.

Patient and public involvement
While developing the project proposal, the project team had several discussions with represen-
tatives of patient advocacy organisations (PAOs), who provided significant input, specifically 
in formulating research questions and choosing research methods to be used with children 
with stroke and their families. Their suggestions informed our research approach, selection of 
different participants and patient inclusion criteria. PAO Rarity United (in Belgium, does not 
exist anymore) was involved in the proposal development, while these organisations remained 
involved in the project after the proposal phase: German Stroke Foundation (Deutsche 
Schlaganfall-Hilfe) as a collaborator and SCHAKI e.V. (Germany’s largest self-help group for 
stroke-affected children led by a family with a child with stroke) as an active partner.

PAOs are also involved in the project’s advisory board to review the data interpretation, 
provide patients’ perspectives on the project’s progress, and advise on ethical issues they see 
arising and consider important throughout the project. (Health)care professionals and design 
practitioners in each country are also invited to be members of the advisory board, which will 
follow and evaluate the project’s progress and give new insights and advice to the consortium.

Ethical considerations
This project involves a vulnerable group (children with stroke and their families) and there-
fore entails more than minimal risk according to The Economic and Social Research Council 
(ESRC) Framework for Research Ethics. The research is conducted in accordance with the 
Declaration of Helsinki [51] and the local guidelines and regulations of each study location. 
In Work Package 1, children receive an age-appropriate information sheet describing the 
research study aims and procedure, risks and benefits of participation, personal data protec-
tion and the right to withdraw from the study at any time (in Austria for age ranges 6-8, 9-11, 
and 12-14, in Belgium and Germany for age range 6-14). Their legal representatives receive 
a detailed information sheet describing the research aims, methods, and implications, the 
nature of the participation, and any benefits, risks, or discomfort. Sheets explicitly state that 
participation is voluntary and that the child has the right to refuse to participate and withdraw 
participation at any time without any consequences. They state how data will be collected, 
protected, and reused subsequently and describe the procedures implemented in the event of 
unexpected findings. Children’s assent is obtained, and the legal representatives will be asked 
for written informed consent before the child’s inclusion in the research (for participating 
and data processing). We refer to children’s assent to align with the European Commission 
guidelines [52] but, given the participatory intent of our research approach, value this as equal 
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to their consent [53]. In addition, a logbook is used with participants in Belgium to ensure 
that the researchers remind the child participant of the consent agreements at the start of each 
research activity. We will monitor children and rely on the participating family members to 
recognise verbal or non-verbal clues that they may wish to stop participating.

The online questionnaire (Work Package 2) is hosted on the LimeSurvey survey platform, 
recommended by the Ethical Committee at the coordinating institution (TU Wien) as an 
open-source tool allowing anonymous data processing. Participants are informed about the 
research project and its aims, what kind of data will be collected, how these will be processed, 
and their rights on the questionnaire welcome page before they are asked for consent by 
ticking the provided box. No sensitive personal data are collected from the participants if 
they only participate in the online questionnaire. If they also participate in the study at the 
MedUni Wien, the TU Dresden, University Hospitals/KU Leuven or the TU Wien, additional 
data regarding the voluntary entry of the study ID issued to each participant will be collected, 
meaning the questionnaire participant’s identity will be known to the researchers. The par-
ticipants need to consent to connecting their data from different Work Packages. They can 
withdraw their consent (to data processing and/or connecting their data) at any time during 
the data collection by contacting the assigned contact person, and their data will be deleted 
immediately. Participants can also request information about the processed data at any time.

For cognitive assessments (Work Package 3), after a thorough explanation of the aim and 
process of the study, assent/consent and information forms are signed by the child and by the 
authorised accompanying person.

Participant risk is assessed continuously to correspond with changes in methodology and 
circumstances in the research settings. The interviews (combined with other participatory 
methods), the questionnaire and the cognitive tests have no significant physical, social, 
reputational, or economic side effects for children and their families. If an individual does 
not want to discuss a particular topic, this will be respected. The online questionnaire is also 
designed so that none of the questions are obligatory to answer and can be skipped by the 
participants.

The consortium confirms full compliance with national and EU law on the protection of 
individuals concerning the processing of personal data and that the ethical standards and 
guidelines of Horizon 2020 will be applied. The research was approved by the Ethical Com-
mittees of MedUni Wien (approval number: 2263/2021) in Austria, KU Leuven (SMEC Ref. 
G-2021-4469) and UZ Leuven (approval number: S67320) in Belgium, and TU Dresden (SR-
EK-355082022) in Germany.

Results
BUILD CARE is a 3-year project which started in September 2022 and is planned to continue 
until August 2025. Final ethical approvals were obtained in October 2022 in Germany, March 
2023 in Austria, and June 2023 in Belgium. Data collection for Work Package 1 started on July 
24th 2023 in Germany, August 18th 2023 in Austria, and October 13th 2023 in Belgium. The 
online questionnaire (Work Package 2) was launched simultaneously in all three countries 
on May 8th 2023. In Work Package 3, the cognitive assessments started on June 17th 2023 in 
Austria and are planned to start in the second half of 2024 in Belgium.

Discussion

Reflections on the protocol development
Developing the protocol demanded of us - as collaborating researchers - to ‘get on the same 
page early-on’ through different initiatives, i.e., a partner with relevant expertise educated 
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the others through a seminar format, to, e.g., explore space with children; introduce work 
done with personas; see examples of the tests used to assess visuospatial perception etc. The 
timelines of the granted project proposal and the required ethics approvals (with financial 
repercussions) did not fully align with the time and space required to create an environment 
where different (sub-)disciplines respect and understand each other’s contributions and work 
towards common goals.

For example, differences between disciplines (e.g., neuroscience and architecture) are easier 
to understand than differences within a single discipline. While crossing disciplines, we have 
to rely on each other’s expertise and approach unfamiliar knowledge and ways of working 
with a certain openness. With eight architectural researchers from three different institutes, 
however, it takes time to become aware of and overcome one’s own assumptions and view-
points about what constitutes ‘good’ architectural research. This process of developing a study 
protocol helps to see these differences as opportunities to better understand the realities of 
families affected by childhood stroke. The process of collaboratively writing this protocol 
paper/article is also an exercise in finding common ground between different disciplines 
(and different approaches within disciplines), raising new questions about protocol purposes 
and practices. The resulting study protocol and paper/article, covering part of the research, 
allows us to build on results and keep learning from each other’s approaches when refining 
the next steps in research, focussing on follow-up protocols (e.g., to explore care profession-
als’ perspectives; develop and evaluate user profiles). To ensure validity during this ongoing 
development we follow Angen’s [54] distinction between ethical and substantive validation. 
‘Ethical validation’ – whether the research informs or has the potential to transform practices 
– is guaranteed by integrating situations in the research set-up that help verify the practical 
and theoretical relevance of routes taken. We do so by, e.g., presenting intermediate results 
and possible interventions: to our respective research groups; within the consortium; and, to 
an advisory board of people with relevant expertise. ‘Substantive validation’ – the ways that 
the research shows and accounts for prior research, theory and self-reflexivity – is strived 
for by presenting the research within the boundaries of the different disciplines that inform 
the research: presenting intermediate results at conferences, but also to the general pub-
lic,…. Together, both forms of validation help to ensure next steps in the research are always 
well-considered.

To accommodate researchers at different career stages (PhD, postdoc, assistant profes-
sors), it is important that the protocol allows for a comprehensive exploration of the subject 
matter while leaving room to develop and articulate individual research interests. This is 
reflected in distinguishing between core and other (interview) questions and each country 
having its own focus (post-acute care, the built environment’s role in everyday lives, emo-
tional well-being) and approach to data analysis (leaning either towards a more positivist or 
a more interpretivist approach to qualitative research). Starting from existing materials such 
as biographies or YouTube videos is also a way to develop sensitivity to the research context 
while creating opportunities that allow differences between researchers with diverse levels of 
expertise.

International collaborations implicated that materials needed to be developed in multiple 
languages (e.g., brochure, ICFs, questionnaire). We decided to create the questionnaire in 
German and Dutch; however, English and French might have been important additions. We 
are well aware now that researchers should try to avoid excluding families based on language. 
In addition, the two selected languages do not allow raw data exchange within the consortium 
due to limited language skills. Also, decisions regarding dissemination to a broad public will 
demand multiple (sufficiently nuanced) translations to ensure the accessibility of results and 
recommendations.
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Expected results and benefits
This project will offer insights into the daily experiences of children with stroke and their 
families, as well as the role of the architecture of (health)care environments in their health and 
well-being. It will also further gain scientific knowledge on families’ economic burden result-
ing from this condition and the post-stroke impairments that the affected children experience. 
Leveraging families’ experiences will contribute to a nuanced understanding of how spaces 
affect people’s well-being and help them, (health)care organisations and design practitioners 
to make care environments more supportive, which is expected to have an important societal 
and economic impact.

Gaining insights into families’ experiences and developing design recommendations for 
(health)care environments based on specific needs will contribute to creating more inclu-
sive built environments that promote equitable public health and support children’s voices 
in architectural design. Results on home modifications and recommendations regarding 
adaptations will directly benefit people affected by the disease without necessitating actions 
by a proxy; the families of children with stroke will be able to take action on modifications 
to their home environment themselves. Translating the gained insights into general design 
recommendations will help design practitioners and care professionals improve the design 
quality and use of buildings that accommodate the (health) care of children affected by stroke. 
Ultimately, we seek to contribute to environments that foster rather than hamper users’ 
well-being.

Furthermore, the transnational and multidisciplinary collaboration within the project con-
sortium will increase the visibility of our results and ensure that the wider audience (families, 
PAOs, design practitioners, healthcare professionals, researchers, and educators) can access 
and use them to improve the everyday life of stroke-affected families. Participatory methods 
and close collaborations with PAOs ensure the accessibility and broad applicability of project 
results, which may be extended further through the families themselves.

Strengths and limitations
There are several strengths and limitations to the presented study protocol. A major strength 
of the data collection in three countries is the relatively large number of participants (for a 
rare disease) and the continuous inclusion of PAOs throughout the proposal development and 
the whole duration of the project. The involvement of three disciplines (architecture, health 
economics and medicine/cognitive neuroscience) offers a unique view of the investigated 
topic from different perspectives. Another major strength of the project is the inclusion of 
the perspectives and experiences of the children themselves (children as user/experts) and the 
family as a unit. On the other hand, including the family members can also be seen as a chal-
lenge, as the experiences of all family members might not be adequately represented.

Another limitation is the significant variation in the post-stroke impairments of the par-
ticipants in children in different countries (e.g., more acute in Austria and more chronic in 
Germany), which is reflected in the severity of their impairments and whether they use a spe-
cific mobility aid or only have minor visual impairments or cognitive issues. Including such a 
heterogeneous participant group can also be seen as a strength of the project as children with 
a greater variety of post-stroke impairments are included, which should offer a better under-
standing of their experiences with the built environment. In addition to the large variety of 
impairments, some of the participating children have other and/or underlying health condi-
tions, which brings into question the original aim of focusing purely on childhood stroke and 
its effect on children’s experiences. Moreover, cognitive testing is only performed with Aus-
trian and Belgian study participants. While there is some secondary information on possible 
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cognitive deficits in the German participants from parental reports, the lack of a standardised 
neuropsychological examination in this group of study participants is a further limitation of 
this project. The results on the associations between cognitive data, economic burden, and 
built environment may not simply be generalized to the German context, as the relationships 
may differ in Germany.

Furthermore, due to the research approach and the participant recruitment strategy, the 
participant group is likely skewed towards families of higher socioeconomic status, whereby 
certain families will be underrepresented. This is true not only for the face-to-face interviews 
but also for the online questionnaire. To avoid the underrepresentation of disadvantaged 
families, the analysis of the financial burden of families will be stratified by the parents’ 
socioeconomic background and weighted if necessary. Despite possible selection effects, an 
advantage of the online questionnaire is that it is accessible for families independent of their 
geographical location, and, due to its compact format, it is feasible to fill in despite strong time 
constraints. A major strength of the online questionnaire is that it incorporates two question-
naires (KIDSCREEN and CIIQ) that have been validated and are frequently used in scien-
tific studies. The latter will enable a comparison between our study population and families 
affected by other childhood disabilities.

For architecture, we are aware of the bias mentioned above. Still, by focusing on profes-
sional and everyday design, we aim to consider the diversity in families’ socioeconomic status 
(e.g., in formulating recommendations). Also, specifically in developing and decision-making 
regarding a persona set, we will include the worst-off based on the analysis of household eco-
nomic data and outcomes of neurocognitive assessments.

Conclusion
This project will map the landscape of care that children affected by stroke and their families 
encounter during rehabilitation and (possible) recovery and offer first insights into the role of 
these environments in their everyday life. Adopting a multidisciplinary approach allows for the 
comprehensive exploration of various factors affecting their experiences with the built envi-
ronment. The involvement of participants in three countries enables the inclusion of a larger 
number of participants affected by this rare disease and offers an international perspective on 
the researched topic. Findings related to home modifications will directly benefit the affected 
families, empowering them to take action on modifications to their home environments them-
selves. The project’s results are expected to inform the accommodation, design, and delivery of 
care and contribute to improving the everyday life of children and families affected by child-
hood stroke. Furthermore, they are expected to shed light on the importance of studying the 
role of the built environment in the lives and experiences of people affected by a rare disease.

Supporting information
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(PDF)

S2 Appendix.  Work Package 2 – Part 4: Questions related to the built environment 
(PDF)
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