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Preface 

The Cambridge Workshop on Universal Access and Assistive Technology (CWUAAT) 
series has hosted the multifaceted dialogue on design for inclusion since 2002, involving 
disciplines such as computer science, engineering, design, architecture, ergonomics and 
human factors, policy and gerontology. The workshops were held every two years at 
Fitzwilliam College in Cambridge University until they were disrupted by the COVID-
19 pandemic in 2020. This book arises from the first CWUAAT workshop after this 
disruption, which was held in St Catharine’s College, Cambridge, in March 2023. 

The conference theme is Design for Sustainable Inclusion, which was inspired 
and informed by the United Nations Sustainable Development Goals (available at: 
https://sdgs.un.org/goals). These include, among others, ‘good health and well-being’, 
‘reduced inequalities’ and ‘sustainable cities and communities’. Addressing this chal-
lenge requires a cross-disciplinary approach, and CWUAAT 2023 invited participants 
from a wide variety of disciplines to discuss the implications of design for sustainable 
inclusion openly, critically, rigorously and imaginatively. 

This book contains the papers selected for oral presentation at the conference. These 
were selected by peer review and carried out by an international panel of currently active 
researchers. The chapters within the book provide a unique insight into current national 
and international research in the fields of inclusive design, universal access and assistive 
and rehabilitative technology. The main sections of the book reflect the following key 
themes: 

I Understanding people 
Understanding the characteristics and needs of the end-users of products and 
services is an essential foundation for designing inclusively. 

II Designing for an ageing population 
The world’s ageing population presents key challenges and opportunities for 
design. Inclusive design methods are well placed to meet these challenges and 
create appropriate, usable and inclusive solutions. 

III Inclusive built environments 
Inclusive built environments have great potential to improve independence and 
inclusion within communities. 

IV Healthcare 
Inclusive design is essential to ensure that no one is excluded from essential 
healthcare services. 

V Assistive technology 
Alongside inclusive design, there remains a need to develop solutions specifically 
to support individuals with disabilities.

https://sdgs.un.org/goals


vi Preface

VI Design methods 
Good methods for supporting inclusive design and the design of assistive 
technology are essential for helping designers to put these into practice. 

VII Education and training 
This section examines how to educate designers in inclusive design and how to 
make education itself more inclusive. 

We would like to thank all the authors and researchers who have contributed to 
CWUAAT 2023 and to the preparation of this book. We would also like to thank all 
the reviewers, who helped to ensure the high quality of the content. We are particularly 
grateful to Anthea Maybury and Mari Huhtala who played a key role in readying the 
book for publication. 

March 2023 Joy Goodman-Deane 
Hua Dong 

Ann Heylighen 
Jonathan Lazar 
John Clarkson
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Understanding Real People: Going Beyond 
Single Severe Capability Loss 

S. D. Waller(B), J. A. Goodman-Deane, M. D. Bradley, I. M. Hosking, 
and P. J. Clarkson 

Engineering Design Centre, Department of Engineering, University of Cambridge, Cambridge, 
UK 

{sdw32,jag76,mdb54,imh29,pjc10}@cam.ac.uk 

Abstract. Some approaches to representing the diverse range of capabilities 
within the population focus on representing those with severe losses in a sin-
gle capability, such as vision or mobility. This approach follows the simplistic 
view that people are either able-bodied, or have a single severe capability limita-
tion. This paper challenges this view using data from a population representative 
survey of the 2019 adult population in Germany. This survey asked participants 
whether they had any limitations in daily activities because of their vision, hearing, 
memory, concentration, hands, reach or mobility. Out of 1002 valid responses, 158 
participants reported that something was ‘very limited’. However, 145 of these par-
ticipants (92%) had a limitation in more than one capability category. Therefore, 
representing the diverse range of capabilities within the population necessarily 
requires describing people with co-occurring limitations. The full set of capabil-
ity limitations for an individual is defined herein as their ‘capability fingerprint’. 
Within the German survey, the top 16 capability fingerprints represented 80% of 
the survey participants. Presenting the most prevalent capability fingerprints is 
advocated as a better approach for understanding the diversity of the population. 
These capability fingerprints could be used to develop population-representative 
personas, or to better understand the sample that took part in small-scale user 
research. 

1 Introduction 

Inclusive design is ‘the design of mainstream products and/or services that are accessible 
to, and usable by, as many people as reasonably possible’ (BSI 2005). Inclusive design is 
about designing for the ‘whole population’ and is therefore necessarily underpinned by 
approaches for understanding and representing the diverse range of capabilities within 
the population (Clarkson et al. 2007). 

The Microsoft Inclusive Design Toolkit (Shum et al. 2016) advocates ‘The Persona 
Spectrum’. This includes someone with one arm, someone who is blind, someone who 
is deaf, and people with several other temporary and situational impairments. 

Schulz and Fuglerud (2012) claim that a good start for creating personas with disabil-
ities is to create one persona for each of the 4 main groups of disabilities (vision, hearing, 
movement, cognitive), and then complement this with one or two elderly personas with

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
J. Goodman-Deane et al. (Eds.): CWUAAT 2023, Design for Sustainable Inclusion, pp. 3–12, 2023. 
https://doi.org/10.1007/978-3-031-28528-8_1 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28528-8_1&domain=pdf
https://doi.org/10.1007/978-3-031-28528-8\sb {1}
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combinations of milder versions of these impairments, although the paper does not 
provide any prevalence-based rationale by which combinations should be chosen. 

Both of these approaches to representing the diversity of capabilities in the population 
follow the simplistic view that most people are either able-bodied or have a single severe 
capability limitation. 

This paper examines the extent to which approaches like these are corroborated 
by survey data, by examining the prevalence of singular and co-occurring limitations. 
It presents data from the DIGNITY digital exclusion survey, which was conducted in 
Germany in 2019 (Goodman-Deane and Waller 2022). Some of the questions within 
this survey were about capability loss, and these responses were analysed to consider 
the prevalence of those with just one kind of capability limitation, as compared to those 
who have multiple co-occurring limitations. 

Subsequently, the results are presented for each capability category in turn, to show 
the relative prevalence of the different kinds of limitations. The results are briefly com-
pared to the prevalence reported from some other surveys. Finally, a new approach 
is offered for presenting the prevalence of co-occurring capability limitations, which 
is named here as ‘frequency counting the capability fingerprints’. This paper briefly 
describes this approach, then presents the most prevalent capability fingerprints, and 
then discusses using these fingerprints to understand the kinds of people that didn’t take 
part in opportunistically sampled small-scale user research. Finally, the paper presents 
the limitations of this analysis, followed by the conclusions and further work. 

2 Survey Method and Analysis 

The DIGNITY surveys (Goodman-Deane and Waller 2022) were conducted in five 
European countries and regions, to understand the factors that might exclude people from 
public transport services, with a specific focus on digital exclusion. The results presented 
in this paper are based on the DIGNITY survey that was conducted in Germany (hereafter 
referred to as ‘the survey’), because it had the largest sample and the most reliable 
sampling method, which was based on adults aged 16+ living in private households. The 
survey dataset is available open access (Goodman-Deane et al. 2022b). More information 
on the survey, its weighting, sample and results can be found in Goodman-Deane et al. 
(2022a). 

This paper focuses on the survey’s self-report questions about the impact of capability 
loss on everyday life, which were presented to the participants as follows (translated into 
German): ‘Now there are a few questions about how much your capabilities affect your 
daily life. In these questions, we’re interested in your real-life experience e.g. while using 
any glasses or other aids you normally use. To what extent, if at all, are you limited in 
your daily activities because of your eyesight’. The possible answers were ‘not at all 
limited’, ‘somewhat limited’, ‘very limited’ and ‘prefer not to answer’ (translated into 
German). 

After this question, the survey asked the same question about: ‘… your hearing … 
any problems with your hands … any problems with your mobility… any problems 
with reaching your arms above your head or out to the sides… any difficulties with your 
memory or concentration’ (translated into German). In order to simplify the results,
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the responses for ‘hands’ and ‘reaching your arms’ were combined, so the maximum 
reported limitation in these two source questions was used to give an overall limitation 
for hands/reach. 

The dataset was weighted for age, gender and region. All the results presented in this 
paper used the weighted dataset, and all values of N are rounded to the nearest whole 
number. ‘Prefer not to answer’ was treated as missing data in the analysis. Of the 1010 
participants in the survey, 8 had missing data for one or more of the capability questions, 
giving N = 1002 valid responses. 

3 Visualising the Prevalence of Co-occurring Capability Losses 

Benktzon (1993) introduced a segmented pyramid as a simple model for describing the 
variation of capability within the whole population, with the bottom segment representing 
those who are fully able, a middle segment representing those with minor capability loss, 
and the top segment representing those with severe capability loss. 

Waller et al. (2010) refined this model to show additionally the prevalence of singular 
vs co-occurring losses. Figure 1 applies the same approach to the DIGNITY German 
survey. The segments of this pyramid correspond to the survey responses of ‘not at all 
limited’, ‘somewhat limited’ and ‘very limited’. 

Figure 1 shows that less than half of the survey participants (40.1%) reported ‘not at 
all limited’ in all 5 categories, and more than half (59.9%) had some kind of limitation. 
The survey intentionally asked participants whether they had any kind of limitation in 
their daily activities, whereas disability-based surveys (e.g. Grundy et al. 1999) only 
consider ‘long-term’ impairments that are severe enough to ‘hinder full and effective 
participation in society’, and therefore be considered as a disability (United Nations 
2006). Broadening the scope of the limitations that are examined within the survey has 
considerably decreased the proportion of people who are ‘fully able’, down from 81.5% 
(Grundy et al. 1999; Waller et al. 2010) to 40.1% in the DIGNITY German survey.

The co-occurrence results will now be considered in more detail. Out of 1002 valid 
respondents, 158 participants reported that something was ‘very limited’, yet only 13 
out of these 158 participants (8%) had a single capability that was very limited, with no 
other kinds of limitations. Comparatively, 145 of these participants (92%) had multiple 
co-occurring limitations (of which at least one was very limited). 

So, as a first order approximation, according to the survey, if one wanted to create 
population-representative personas with severe kinds of capability loss, about 90% of 
them should have co-occurring losses, and about 10% of them should have a single 
severe loss. This radically contrasts with the disability-based persona sets introduced in 
the introduction (Schulz and Fuglerud 2012; Shum et al. 2016), where between 0 and 
about 30% of the personas had co-occurring losses. 

Figure 2 shows an alternative way of presenting the prevalence of co-occurring 
limitations. This stacked bar chart shows the percentage of the sample who had exactly 
0, 1, 2, 3, 4 or 5 limitations (counting somewhat limited or worse). The prevalence is 
shown separately for age 16–64 and age 65+. It is well-known that the prevalence of 
limitations increases with age (e.g. Clarkson et al. 2007), so it’s no surprise that the vast 
majority of people with 4 or 5 limitations are aged over 65.
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Fig. 1. This segmented pyramid provides a simple model for understanding the prevalence of 
capability limitations in the population, and the prevalence of co-occurring limitations. Areas in 
the triangle are proportional to the number of people in each segment.

Furthermore, it is no surprise that the vast majority of people with 0 or 1 limitation 
are aged 16–64. However, it’s interesting to see that the people with 2 or 3 limitations 
are close to being evenly split between those aged 16–64 and aged 65+. 

Fig. 2. The prevalence of different numbers of limitations, shown separately for those aged 16–64, 
and those aged 65+ 

However, knowing that co-occurring capability loss exists is not enough to fulfil 
the aim of inclusive design to ‘design for the whole population’. To achieve this, it 
is necessary to know exactly which kinds of capability losses are more prevalent than 
others, and exactly which kinds of co-occurrence are more common than others. 

Figure 3 examines each capability type in turn, and shows the prevalence of limita-
tions in that capability, broken down according to ‘somewhat limited’ or ‘very limited’. 
Figure 3 shows that vision was the most prevalent cause of limitations. Just over half 
of the sample (51.3%) reported some kind of limitation in this category, approximately 
twice as much as any of the other categories. Comparatively, the same set of activity
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limitations questions were asked in the UK 2010 Towards Better Design survey, with 362 
participants (Clarkson et al. 2012). In this case 10.5% of the sample indicated some kind 
of limitations due to vision, 5.6% due to hearing, 15.2% due to memory/concentration, 
14.3% due to hands/arms, and 15.5% due to mobility. 

Fig. 3. Prevalence of limitations, considering each capability separately 

The same questions were also asked in the Italian version of the DIGNITY sur-
vey (Goodman Deane et al. 2022.c), with 1002 participants, and in this case 29% 
reported some kind of limitation due to vision, 15.7% due to hearing, 14.2% due to 
memory/concentration, 18.6% due to hands/arms, and 15.1% due to mobility. 

This preliminary investigation reveals that, across all the categories, the German 
survey participants reported more limitations than the Italian and UK participants, and 
especially so for vision. The authors can only speculate some possible reasons for this:

• the meaning of ‘somewhat limited’ and ‘very limited’ are subtly different in the 
different languages;

• the actual prevalence of impairments in Germany is higher, or the effectiveness of 
assistive devices in mitigating these is lower;

• for an equivalent level of functional capacity, the German respondents were more 
likely to self-report activity limitations. This could perhaps be because the things that 
the Germans typically interact with require comparatively higher levels of capability. 

The authors acknowledge that the higher prevalence of limitations reported in the 
German survey will inevitably lead to higher levels of co-occurrence being reported. 
However, it is outside of the scope of this paper to perform a detailed comparison of 
the prevalence of co-occurring limitations that were reported in different countries at 
different times.
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4 Capability Fingerprints 

The most prevalent combinations of co-occurrence that exist within the DIGNITY 
German survey will now be presented using the concept of ‘capability fingerprints’. 
A capability fingerprint uniquely identifies the full set of limitations experienced by 
a participant, due to any issues with the five capability categories (vision, hearing, 
memory/concentration, hands/reach and mobility). 

For each capability category, the participant is given a number indicating their level of 
limitation due to that capability: 1 represents ‘not at all limited’, 2 represents ‘somewhat 
limited’ and 3 represents ‘very limited’. These numbers are joined together, so that the 
first digit represents the level of limitations due to vision, the second hearing, the third 
memory/concentration, the fourth hands/reach, and the fifth mobility. For example, a 
person with the fingerprint 31111 would be ‘very limited’ due to vision, but ‘not at all 
limited’ on the other capabilities. 

There are five capability categories and three levels of limitation, so there are 
35 = 243 different possible fingerprints. However, it is possible to represent the majority 
of the whole population without needing to consider all of these possible combinations, 
because some fingerprints are more common than others. Only 97 different fingerprint 
combinations actually exist within the survey. Furthermore, considering only the top 36 
fingerprints would cover 90% of the survey participants, and considering only the top 16 
fingerprints would cover 80%. The 20 most prevalent fingerprints (for those with some 
kind of limitation) are shown in Fig. 4. 

Fig. 4. The prevalence of the top 20 fingerprints for those with some kind of limitation, shown 
separately for those aged 16–64 and those aged 65+. The fingerprints that are highlighted with 
arrows are discussed further in the body of this paper. 

These fingerprints are relatively straightforward to derive and frequency count, either 
directly within IBM’s Statistical Package for Social Sciences (SPSS), or using pivot 
tables within Microsoft Excel. The process of frequency counting fingerprints shares
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many similarities with performing a cluster analysis on the dataset, and a detailed 
comparison of these approaches is recommended for further work. 

Figure 4 shows that for some fingerprints (e.g. 21111 & 11211), the majority of 
people with this fingerprint are aged 16–64. For other fingerprints (e.g. 32222 & 22233), 
the majority of people with this fingerprint are aged 65+. 

The fingerprints shown in Fig. 4 provide a rational starting point for representing the 
diverse range of capabilities and co-occurrences within the whole population, which goes 
beyond stereotypical assumptions of young people who have no limitations and older 
people who have some limitations. The number of fingerprints that should be presented 
will depend on the purpose that they will be used for, and the fingerprints will be most 
useful if they are derived for a specific purpose. The number of unique fingerprints that 
will be produced depends on:

• the survey sample that is used (e.g. Germany);
• the degree of filtering that is applied to the survey sample (e.g. age/gender, region);
• the number of capability categories that are used (e.g. mobility and hearing might not 

be relevant for some applications);
• the number of levels used to describe each capability category (e.g. this paper used 3 

levels, but this could be simplified down to 2 levels). 

The decisions made in producing the fingerprints can be iterated until the number of 
fingerprints is appropriate for the specific purpose that they are created for. This process 
could also incorporate other user attributes, like digital competencies and attitudes to 
technologies (Goodman Deane et al. 2021). 

Furthermore, the fingerprints become extremely useful if the same questions are 
administered in both a nationally representative survey, and also to the people who take 
part in small-scale user research, which is typically opportunistically sampled. Once the 
fingerprints of the users that took part in the research have been derived, these can be 
compared to the prevalence of fingerprints from the national survey (e.g. Fig. 4), which 
helps to answer the following questions:

• how many people in the population have similar characteristics to each of the user-
research participants?

• what percentage of the whole population is represented by the sample of users that 
have been recruited so far?

• what kinds of people haven’t taken part in the opportunistically sampled user research?
• is the sample skewed towards those who have capability limitations, or those that have 

no limitations? 

Petyaeva et al. (2022) used a similar approach to compare the opportunistically-
sampled users that took part in user trials with a set of digital personas that were derived 
from cluster analysis of survey data, and further work in this area is recommended.



10 S. D. Waller et al.

5 Limitations 

This paper considers an approach to representing the diverse range of capabilities within 
the whole adult population (16+). Therefore, the results can only be derived from surveys 
that intend to sample the whole adult population. The Dignity German survey is one such 
survey with this remit, which had 1010 respondents. However, even with this sample 
size, only 13 respondents reported a single capability being ‘very limited’, with no other 
limitations. 

Although a detailed consideration of confidence intervals is outside of the scope 
of this paper, the authors acknowledge that many of the frequency counts presented in 
this paper are too small to achieve statistical significance. Furthermore, these results 
are based on self-report questions regarding limitations in daily activities, and different 
results might be expected if performance measures were used, and/or if the questions 
instead asked about functional capacities (Johnson et al. 2010). 

Achieving a manageable number of fingerprints necessarily involves using a small 
number of levels to define the level of limitation within each capability category. There-
fore, each individual level covers people who might be quite different in terms of the 
severity of their limitation. For example, the people who are ‘very limited’ due to vision 
may include those who are partially sighted, and also those who are blind, yet the most 
appropriate solutions for these different levels of limitation might be very different. 

This paper assumes that the intention is to understand and represent the limitations 
that exist within the whole population, prioritised according to the prevalence of these 
limitations. However, other design scenarios may have different intentions, like designing 
for particular subgroups of people. In this case, it might be more appropriate to generate 
personas directly from known users within this subgroup, using qualitative rather than 
quantitative methods. 

Nevertheless, despite these limitations, the approach presented herein could help 
to give an indication of how many people in the population are ‘similar to’ particular 
known users or personas, and this information ought to be of interest. Further work 
is recommended to explore the use of population-based personas and known-users to 
bridge quantitative and qualitative methods of representing users. 

6 Conclusions 

This paper has examined the prevalence of capability limitations from a survey that 
aimed to be representative of the entire 16+ population in Germany. This survey asked 
people whether they had any limitations in their daily activities due to their capabilities, 
regardless of whether these limitations were severe enough to merit being counted as a 
disability. 

The results from this particular survey indicate that over half of the sample self-
reported some kind of limitation due to their capabilities, with vision being the most 
commonly reported issue. Out of 1002 valid responses, 158 participants reported that 
something was ‘very limited’, yet only 13 out of these participants (8%) reported a 
limitation in just one capability category, with no other kinds of limitation. This result
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contradicts existing approaches for representing diversity in the population, which under-
emphasise the significance of co-occurring capability losses, and over-emphasise single 
severe kinds of capability limitations. 

Capability fingerprints have been introduced as a better way of understanding the 
diverse range of co-occurring capability limitations. In this particular survey, 16 different 
capability finger prints were sufficient to represent 80% of the survey participants. Further 
work is recommended to apply this approach more widely. 

The kinds of people that have not taken part in opportunistically sampled user 
research can be considered by comparing the fingerprints of those that took part in the 
user research with the fingerprints from a nationally representative survey, and further 
work in this area is recommended. 
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Abstract. Immersive technologies, such as virtual reality (VR) and augmented 
reality (AR), enable many new possibilities for audio-visual content consumption, 
in particular as a means of allowing for various new experiences that either mimic 
or surpass what can be experienced in real life. Since immersive experiences can 
add variety to a daily routine and thus improve quality of life, VR and AR content 
may be especially attractive to individuals with disabilities and older people who 
are often home-bound due to limited mobility. However, for VR and AR to be 
able to reach their full potential, it is important to ensure the design of such 
systems is inclusive. As an initial step in this direction, this paper provides a 
set of high-level user requirements from eight focus groups that involved users 
with a range of disabilities/capability loss types and consequent access barriers 
to the full enjoyment of VR and AR content and experiences. We clustered the 
user requirements around the participants’ prioritised strategies for overcoming 
access barriers. These strategies are customisation, interaction, information, and 
adaptation for VR; and customisation, interaction, and awareness for AR. Overall, 
we identify several common high-level user requirements across both VR and AR, 
including the need to support users in fine-tuning settings and to have available a 
rich number of modalities to support flexible interaction. 

1 Introduction 

Recent hardware and software developments have resulted in an ever-expanding range of 
virtual reality (VR) and augmented reality (AR) headsets offering increasingly advanced 
capabilities to engage in immersive audio-visual content, including movies, games, and 
interactive remote experiences, such as virtual attendance of a guided museum tour and 
participation in a music concert. 

Such forms of content consumption open up new possibilities for a wide range of 
immersive environments. However, for immersive content to be accessible to a wide 
range of user groups, it is necessary for system designers and developers to have 
an accurate understanding of users, including user groups of people with different 
disabilities/types of capability loss, and older people. 

To address this gap in the literature, this paper reports the results of a user require-
ments elicitation study that consisted of eight focus groups involving users across the 
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J. Goodman-Deane et al. (Eds.): CWUAAT 2023, Design for Sustainable Inclusion, pp. 13–21, 2023. 
https://doi.org/10.1007/978-3-031-28528-8_2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28528-8_2&domain=pdf
https://doi.org/10.1007/978-3-031-28528-8\sb {2}


14 L. Yin et al.

disability/capability loss spectrum. Our aim is to elicit high-level user requirements for 
inclusive content consumption that can serve as a starting point for a more refined and 
nuanced elicitation of requirements to cover the functions specifically related to VR and 
AR content consumption. 

A central approach in this work is the concept of inclusive design (Clarkson et al. 
2003; Keates and Clarkson 2010), which suggests we can reach much broader and more 
diverse user populations by specifically attempting to better understand user diversity. 
The consideration of inclusive content consumption in VR and AR is perhaps particularly 
important given the potential that such immersive experiences have to contribute to the 
quality of life for people with disabilities and older people (Garaj et al. 2022). As 
rationalised by the social model of disability (Shakespeare 2006), real-world social and 
physical environments can form profound constraints on disabled and older people’s 
access to daily life by limiting their physical mobility. VR and AR environments, on 
the other hand, facilitate virtual mobility, and may be able to substitute for the lack 
of real-world access and thus improve levels of engagement with life and its quality. 
Recently proclaimed visions of the Metaverse (Ravenscraft 2022) and the role it may 
play in complementing everyday interactions in society highlight a time critical need to 
make immersive technologies inclusive. 

So it is unsurprising that industry has formed initiatives to tackle the broader acces-
sibility issues. Two examples of these initiatives include XR Access Initiative (2022) 
and XR Association (2022). Targeted academic research still remains rather limited, but 
initial efforts include the survey by Wong et al. (2017) of attitudes and sentiments held 
by users with disabilities towards AR and VR and also the work by Garaj et al. (2019) 
on the inclusive design of immersive reality. 

2 User Requirements Study 

To elicit high-level inclusivity user requirements for content consumption in VR and 
AR, we carried out eight focus groups (FGs), four exploring VR (FG1-4), and a further 
four exploring AR (FG5-8), as summarised in the table below. The focus groups were 
carried out remotely on Zoom and participants were asked to reflect jointly on any 
past experiences with VR or AR and on specific videos displayed during the session 
showcasing representative experiences of VR and AR content. 

Participants: Focus group participants were recruited from a user panel managed by an 
external inclusive research and innovation consultancy. This user panel enabled efficient 
recruitment and facilitated stratified sampling of a wide range of capability loss types. 
Where possible, participants were assigned to focus groups based on their dominant 
capability loss. This assignment was imperfect due to scheduling constraints, and so 
there was some mixing of capability loss types within groups to ensure a reasonable 
number of participants per group. The assignment of participants to focus groups is 
summarised in Table 1. Some participants participated in both the VR and AR focus 
groups. Otherwise, all focus groups on a particular technology were unique.

Method: The focus group structure had four parts. Part 1 served as a warm-up and 
probed the group’s general reflections on their overall prior experiences with VR or AR.
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Table 1. Focus group participants summary 

Technology Group Disability/Capability loss type Total Female:Male 

Sight Hearing Touch Speech Cognition Mobility Multiple 

VR FG1 3 1 – – 1 1 – 6 4:2 

FG2 – – – – 1 3 1 5 5:0 

FG3 – – – – 4 1 – 5 2:3 

FG4 1 1 – – – 1 1 4 2:2 

AR FG5 3 – – 1 – 4 – 8 6:2 

FG6 – 3 – – 2 – – 5 2:3 

FG7 – – 1 – 1 4 – 6 4:2 

FG8 – – – – 1 5 – 6 5:1 

Overall Total 7 5 1 1 10 20 2 45 30:15

Part 2 involved a more detailed exploration of the group’s experiences in VR or 
AR through review of the user experience (UX) journey. The group reflected on past 
experiences and specific videos showcasing scenarios of (1) putting on and using relevant 
hardware (i.e. headsets and hand controllers for VR and tablets and smartphones for AR); 
(2) interacting with menus and other user interface elements; (3) the virtual content, 
environments and experiences themselves; and (4) the interaction techniques demanded 
by the operating systems and content. 

Part 3 was a co-design exercise with the aim of understanding high-level user require-
ments in order to design more inclusive VR or AR experiences. This part involved a card 
sorting exercise in which participants were presented with a range of strategies that might 
help make immersive interfaces and content more usable and enjoyable for everyone. 
Participants were asked to reflect on which ideas they felt were the most important for 
them and then specify the two or three solutions that were most relevant to them individ-
ually. The frequency of these individual selections was used as the basis for subsequent 
discussion in the group to arrive at a final ranking of the most relevant solution. 

Part 4 was an open discussion. 
For the card sorting exercise, we asked participants to consider the following high-

level accessibility strategies and choose the two most important to them. These were 
distilled from an online survey (n = 101) we had previously carried out and included 
the following ways to overcome access barriers:

• Customisation: Allows users to customise accessibility settings, for example, 
placement and styling of captions, scene contrast, and pacing of narratives.

• Assistive Technology: Allows users to benefit from their own assistive technologies, 
such as screen readers and switches.

• Familiarisation: Provides users with more tutorials and means of familiarisation, 
for example, offers greater assistance in learning about the technology and access to 
virtual environments that are familiar to users and thereby less confronting.

• Adaptation: Automatically adapts features to users’ abilities, for example, by letting 
the content or system adjust itself, such as by adjusting the difficulty of a game or by 
making objects easier to reach, or more visible.
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• Awareness: Allows users to maintain better awareness of the physical environment 
in which they engage with the immersive experience, for example, by making users 
aware of the physical world while not distracting them from virtual content.

• Information: Makes more information available to users, for example, provides hints 
and warnings, as well as presents the same information in multiple forms, such as 
captions or vibrations.

• Interaction: Supports more ways to interact, for example, by allowing users to select 
different modes of physical interaction, such as enabling interaction via hand tracking, 
head movement, controllers, etc. 

3 Results 

In this section we report on the results of the card sorting exercise as this was the 
primary focus of the workshop, and also generated the mostly lively and considered dis-
cussion among focus group participants. We group-elicited requirements by the common 
strategies listed above. 

3.1 Virtual Reality 

The most popular solution strategies among the focus groups (FGs) are Customisa-
tion (FG1, FG3, FG4) and Interaction (FG1, FG2, FG3). The next most prioritised is 
Information (FG2, FG4). In addition, one focus group also prioritises Adaptation (FG2). 

Customisation: A priority area that emerged from the focus groups is enabling fine-
grained adjustments of the visual appearance of the virtual world and any virtual controls, 
including brightness, contrast, inverted colour schemes, and other overall visual aspects 
(FG1, FG3, FG4). This area also includes the ability to adjust any text in terms of size 
and colour (FG1, FG3, FG4). Related, another highly preferred requirement is support 
for varying the speed of any animations, including scrolling text and video streams (FG1, 
FG3, FG4). 

Other prioritised elements involve support for captions, subtitles, and audio descrip-
tions of settings and surroundings (FG1, FG4). There was a desire for automatic tran-
scripts (FG1), ideally coupled with the option to mix text and British Sign Language at 
various points (FG4). 

One focus group (FG1) suggestion is to fine-tune interactions by allowing the user 
to control the speed of the pointer and click in the visual scene to access different areas 
(as opposed to having to navigate to reach them). Another suggestion is to include an 
option for an audio or vibration trigger to signal a request for user engagement. 

One focus group (FG3) request is an ability to manually configure support for users 
with variable dexterity by, for example, allowing users to adjust the amount of movement 
required to reach virtual objects, in order to reduce fatigue. 

In addition, we observe a range of other elicited user requirements: however, they 
are not as consistently prioritised across all focus groups.
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Interaction: There is a desire to support multiple means of interacting. Eye gaze is 
identified as one such modality (FG1, FG3), as one switch-based accessibility systems, 
such as an eyebrow switch and gaming controllers (FG3). 

Another prioritised group of requirements is voice control support, such as permitting 
users to use voice commands for positioning within VR and for navigating menus and 
interacting in general (FG2, FG3). 

In terms of mixing and matching modalities, one focus group (FG2) explicitly sug-
gests support for varying modalities according to current conditions, providing users with 
choices, but taking care not to force users to choose every single time the conditions 
change (FG2). 

The remaining elicited requirements are largely in the area of ergonomics. We iden-
tify an area of high-level requirements relating to the ergonomics of the headset, such 
as supporting shoulder braces for the headset to assist the user in holding the head up 
and ease, or eliminate, neck strain (FG1). A related requirement is to reduce the weight 
of the headset (FG1) and to eliminate the need to strap the headset to the head (FG1). 
Headsets should also be untethered and thus not require wired connections (FG1). Last, 
ideally headsets would either provide an ergonomic experience for users needing to wear 
glasses or eliminate the need to wear glasses with the headsets (FG3). 

In terms of hand control, headsets should work for users wearing gloves (FG1) and 
reduce neck and body movement by further hand controls, including gesture control 
(FG2, FG3). In terms of physical controllers, it is desirable to adopt the inclusive design 
approach and consequently implement light modifications to existing controllers to make 
them more accessible, as this may be more affordable for users than having to purchase 
expensive bespoke solutions (FG3). 

Finally, ideally there should be no requirement to install sensors in a room, and if 
there is such a requirement, the systems should make it easier to instal such sensors 
(FG1). 

Information: There is a desire to receive help spoken with a clear, pleasant voice and 
to avoid jargon (FG2). If it is necessary to introduce new concepts, then these should be 
clearly explained (FG2). Systems should provide a written and spoken tutorial on how to 
use them, suitable for first-time users (FG4). Another suggestion is to provide tutorials 
for each individual skill or task (FG2). 

To encourage exploration, systems should have ways of allowing users to explore 
different options and settings (FG2). 

Finally, systems should provide a way for users to assess their motion sickness in 
VR (FG2). 

Adaptation: One focus group (FG2) reflects on the solution focusing on adaptation. 
One important aspect of such adaptation is enabling user control by providing mecha-
nisms that allow the user to regulate the level of automatic adaptation and turn it off. 
In conjunction, it is suggested that it may be useful to have the option for users to pro-
vide data of their interactions and behaviours to improve system adaptation. Finally, 
users should be prompted when automatic adaptation may be useful and they should be 
allowed enough time to absorb new content and instructions before adaptation proceeds.
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In terms of system-side requirements on adaptation there is a suggestion of supporting 
variable automatic adaptation for fluctuating conditions and a desire for the adaptation 
system to be able to ignore unintended movements and actions with high accuracy. 

3.2 Augmented Reality 

The most popular is Customisation (FG5, FG6, FG7). The second most prioritised 
solution strategy is Interaction (FG5, FG7). Finally, one focus group (FG8) prioritises 
Awareness. 

Customisation: Similarly to VR, there is a strong desire to be able to fine-tune the 
visual appearance of graphical elements, such as adjusting the size and colour of all text 
(FG5, FG6, FG7) and changing colour, transparency, and contrast on all virtual content 
(FG5, FG7). Again, similarly to VR, there is a desire to vary the speed of animations 
and any scrolling text (FG6, FG7). 

In terms of user interface organisation, there should be options to reduce choices and 
simplify the interface (FG5, FG6) and change the layout of virtual objects and controls 
(FG7). There should be an option to prevent pop-ups (FG7) and an option for sticky 
menus that remain in view until they are explicitly dismissed by the user (FG7). Finally, 
users should be able to set the field-of-view (FG5, FG7). 

Audio design is another prioritised high-level requirement area. It should be possible 
to turn on and off audio, verbal prompts, subtitles and captions (FG5, FG6). In addition, 
there is a desire for the ability to configure audio cues to represent different elements of 
the design (FG5). There should be audio descriptions of text (FG5), and ways of probing 
the environment and receiving audio descriptions, such as “What is in front of me?” 
(FG5, FG6). 

There should be support for British Sign Language in addition to text and audio 
(FG6) and the ability to enable or disable vibration cues (FG5). 

In terms of ergonomics, it would be beneficial to be able to adjust the perspective for 
a user sitting upright or in a wheelchair (FG5). Object rotation could be supported by 
button interaction or manual input of degree of rotation, in addition to standard rotation 
interaction that requires the user to twist their wrist or fingers (FG5). 

Interaction: All focus groups (FG5–FG8) desire support for offline editing of AR 
content and enabling interaction without the need to hold a device. 

Again, similar to VR, a range of modalities are requested for input, including voice 
activation and voice commands (FG5, FG7), gaze interaction (FG7), and support for 
wearables to allow for longer reach and to enable alternative means of input and output 
(FG5, FG7). 

In terms of output, there is a need for audio and haptic feedback (FG5), voice output 
of menus (FG5), and context-informative audio cues when traversing menus (FG5). 
As with VR, there is also a suggestion of functionality that allows users to point at a 
particular location and receive an audio description (FG). In addition, there is also a 
request to provide soundscapes when moving around (FG5). Finally, systems should 
have audio-only and visual-only modes (FG7).
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Regarding user interface design, there should be a simple means of resetting the 
device, such as shaking the phone (FG5), and a mechanism for partitioning the user 
interface into separate chunks that can be used in isolation (FG7). 

Relating to ergonomics, systems should support multiple ways of holding or mount-
ing a device (FG5) and a variety of methods for users to hold equipment and tools, such 
as styli, to assist with dexterity and fine movements (FG7). 

Finally, one focus group (FG7) expresses a requirement for systems to provide easy 
means for users to remain aware of their physical surroundings, which we will elaborate 
on when discussing the requirements for the next solution strategy: supporting awareness 
of the physical world. 

Awareness: One focus group (FG8) considers this strategy. Systems should support a 
mechanism that allows users an easy way to leave AR and return to an unobstructed view 
of the physical surroundings. Related, another requirement is an ability to regulate the 
amount of virtual content to prevent virtual content clutter from obstructing the physical 
surroundings. Last, systems should maintain a view of virtual objects even when the 
user is moving, such as when using a wheelchair. 

Systems should be transparent on who can view the user’s surroundings and what 
these observers will perceive. In addition, systems should be aware of pavements and 
other surfaces, and their level of degradation, to ensure they can give users sufficient 
guidance to prevent accidents. 

4 Discussion 

This work represents a preliminary exploration of inclusivity requirements for VR and 
AR immersive content consumption. Our findings complement other efforts seeking to 
establish user requirements in this space. W3C’s XR Accessibility User Requirements 
(2021) is an excellent attempt to document specific user needs and requirements. Ocu-
lus, a major VR headset manufacturer and content developer, also now offers developer 
guidance on Designing Accessible VR (2022). We contribute to the emerging under-
standing in this space by capturing and summarising the voice of the user. This includes 
providing insight into the prioritisation of inclusivity requirements that are otherwise 
typically presented as if they all have equal importance to the user. 

We now briefly reflect on several limitations of this work. First, our assignment of 
participants to focus groups based on their dominant capability loss was imperfect due 
to scheduling constraints. This limits our ability to directly relate specific requirements 
to particular access needs. Nevertheless, a benefit of partly mixed groups was that the 
discussion could focus on high-level solution strategies that were broadly effective for 
different capability loss types. We consider this high-level discussion an advantage given 
the nascent stage of the requirements process. 

Another important limitation of this work is that participants had varying levels of 
exposure to VR and AR content. This limited prior experience may have reduced the 
specific insights participants were able to bring. In addition, it is difficult to separate 
usability issues associated with encountering a new and unfamiliar form of technology 
from those usability issues arising from a given capability loss.
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Future work involves using the identified high-level requirements as a basis for 
further investigation, including follow-up focus groups, to validate findings and elaborate 
further on user requirements, and iterative research around concrete solutions to access 
barriers to immersive content consumption. 
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Fig. 1. The prioritised solution strategies for more inclusive VR and AR 

5 Conclusion 

We have reported the outcomes from eight focus groups involving participants with 
disabilities. We used card sorting to understand users’ prioritised strategies for tackling 
barriers. Figure 1 summarises the number of focus groups listing each strategy as crit-
ical. For VR, we found that they were, in order of priority, customisation, interaction, 
information, and adaptation. For AR, we found that they were customisation, interaction, 
and awareness. 

We clustered the elicited high-level requirements and found that customisation was 
consistently of the highest priority to users and providing this is critical for fully inclusive 
VR and AR content consumption. 

We also found that interaction should be multimodal and allow users to mix and 
match hand tracking, controllers, gaze, and support for accessible technology, such as 
switch-based systems. In both VR and AR, users further desired means to point at various 
elements of an interface and be given descriptions. 

In VR, information and help was another area identified as being of high importance 
and a range of high-level requirements emerged, such as providing initial guidance, 
offering spoken help with a clear voice with careful pacing, and ensuring there are 
tutorials in place explaining how to achieve specific tasks or goals. 

In addition, in VR, one focus group identified adaptation as an important strategy 
that resulted in several high-level requirements, including the need to provide variable 
adaptation, means of turning it off, and means for users to provide deliberate training data 
to the system for adaptation. Finally, in AR, one focus group considered the strategy of 
allowing users to be aware of their physical environment to be important and suggested 
a range of requirements in this area. 

These focus group results provide the basis for the prioritisation of subsequent efforts 
seeking to establish more specific requirements and corresponding technological solu-
tions. We anticipate that this enhanced understanding of users’ needs and wants within
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this design space will be of greatest benefit in the immediate term to developers of 
immersive content who currently lack effective guidance on making VR and AR content 
accessible. 
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Abstract. The existing low-carbon behaviour change theories have not paid 
much attention to the particularity of the cultural values and experiences of older 
migrants in the UK. This paper reviews the relationship and role of the Low-carbon 
Behaviour Model, Theory of Planned Behaviour, Resilience Model, Accultura-
tion Model, Ecological Systems Theory, Behavioural Change Wheel, and other 
relevant theories in the low-carbon behavioural transformation of older Chinese 
migrants. An integrated model was proposed to explore net-zero to Chinese older 
migrants. 

1 Introduction 

All consumer activities that contribute to reducing an individual’s CO2 emissions can 
be considered low-carbon behaviours (Dubois et al. 2019). Older adults have played a 
leading role in driving greenhouse gas emissions. Between 2005 and 2015, their con-
tribution to total national consumption emissions increased from 25.2% to 32.7% in 32 
developed countries (Zheng et al. 2022). Despite the widespread attention to this issue, 
a definitive analysis of the challenges of balancing the needs of an ageing society with 
climate change mitigation is far from complete. Migration can also contribute to high 
carbon emissions. Most migrants come from developing countries or regions with lower 
per capita footprints; when they move to host countries with higher per capita footprints, 
migrants’ carbon footprints may increase (Zheng et al. 2022). 

Chinese migrants are a rapidly growing minority in the UK; they are one of the main 
minority groups (Gao et al. 2021). Traditional cultural values in China have an obvious 
role in promoting sustainable behaviour (Jiang et al. 2019). Context and environment 
influence and limit personal actions. When migrants have to adapt to different cultures, 
the language barriers they encounter, and the sense of well-being they experience all 
change with migration and the social environment of the place where they live (Suárez-
Orozco 2012). 
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Most studies of older Chinese migrants focus on their physical health problems 
(Gao et al. 2021), mental health problems, and life navigation problems (Caidi et al. 
2020). There are few studies on their carbon emissions. As the first step to understand 
low carbon behaviours of older Chinese migrants, we reviewed a number of theoretical 
models and frameworks. 

2 Methods 

This research involves concepts such as older Chinese migrants, acculturation, and low-
carbon behaviour. To better understand and establish the connection between them, we 
searched the library database of Brunel University. A total of 540 journal articles were 
found through searching “Older Chinese Migrant*” and “Elderly Chinese Migrant*”, 
and 134 were related to theoretical models. In addition, a total of 214,000 journal articles 
were found by searching “Cultural Adapt*” and “Acculturate*”, of which 38,200 were 
related to theoretical models. Besides, a total of 217,600 journal articles were found by 
searching “low-carbon”, “Sustainable”, “Pro-environment”, and “Net-zero”, of which 
38,108 papers were related to theoretical models. After skimming through titles and 
assessing their relevance, and reading the selected abstracts, the first author chose around 
20 models. Through discussion with the co-authors, a dozen models were selected for 
understanding the cultural adaptation process and behaviour changes of migrants. After 
looking into details of these models, the first author selected the final six as the most 
useful models to guide her PhD research. 

3 Results 

The selected models include the Low Carbon Behaviour Model, Theory of Planned 
Behaviour, Resilience Model, Acculturation Model, Ecological Systems Theory, and 
Behaviour Change Wheel. They are explained in the following three sections. 

3.1 Low Carbon Behaviour Model and Theory of Planned Behaviour 

Factors influencing low-carbon behaviour include interacting demographic character-
istics, internal factors such as attitudes and habits, and external factors such as social 
norms and economics (Wang et al. 2021). The theory of planned behaviour (TPB) is an 
extension of the idea of rational action and is widely used as the basic framework in low-
carbon behaviour studies. TPB as a framework for studying environmental behaviour 
can explain most intentions and future behaviour (Kaiser et al. 2005). According to 
TPB, personal attitudinal factors, normative factors, and perceived behavioural control 
determine one’s intention to engage in a behaviour. Ajzen (1991) added behavioural, 
normative, and control beliefs as additional factors that influence these to form a new 
theoretical model. 

The theory of planned behaviour (TPB) is an extension of the idea of rational 
action and is widely used as the basic frame in low-carbon behaviour studies. TPB 
as a framework for studying environmental behaviour can explain most intentions and
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future behaviour (Kaiser et al. 2005). According to TPB, personal attitudinal factors, nor-
mative factors, and perceived behavioural control determine their behavioural intention 
to engage in it. Ajzen (1991) added behavioural beliefs, normative beliefs, and control 
beliefs to form a new theoretical model (Fig. 2). 

Research efforts have been made to improve the explanatory power of the theory. For 
example, the extended TPB model that includes moral obligations helps to explain Tai-
wanese energy-saving and carbon-reduction behavioural intentions to mitigate climate 
change (Chen 2016). Psychological factors are the focus of low-carbon behaviour. Cul-
tural values as an antecedent variable of TPB have been validated in some cases (Wang 
and Wu 2016). Specifically, Chinese cultural values (e.g., man-to-nature orientation and 
collectivism) were added to the TPB model to better explain the home low-carbon con-
sumption behavioural intention in China, and to look into the specific role of cultural 
values in the model. Anticipatory pride and guilt was also introduced to compensate for 
neglecting emotional factors (Jiang et al. 2020). 

The above conceptual models explain what determines an individual’s behaviour 
from different perspectives. The two theories (i.e., Low carbon behaviour model and the 
TPB) complement each other and have different emphases. 

3.2 Resiliency Theory, Ecological Systems Theory and Acculturation Theory 

Resilience is the process by which individuals use their abilities, strengths, and resources 
to bounce back by overcoming or actively adapting to various risky or adverse expe-
riences that increase susceptibility to mental health symptoms. The components of 
resilience according to Mattelin et al. (2022) are courage, self-esteem, competence, 
self-confidence, capacity, trust, self-image, communication skills, and intelligence. 

Ageing has been described as a time of resilience. Some negative factors of Resilience 
Theory are associated with migrants’ backgrounds (Mattelin et al. 2022). For instance, 
the accumulation of factors such as limited English proficiency, withdrawal from the 
labor market, lack of social benefits, social isolation, cultural differences, and social 
status (Temple et al. 2022). These resilience-related negative factors appear decisive 
for older migrants. High resilience is significantly associated with positive outcomes, 
including successful ageing, lower depression, and a more active longevity (MacLeod 
et al. 2016). 

Ecosystems describe multi-person and multi-system interactions between individ-
uals and the environment at different levels (Bronfenbrenner 1992). For example, the 
microsystem includes interactions that affect the individual most directly, e.g., family, 
peers, and workplace. At increasingly distant levels, there are the mesosystem (interac-
tions between microsystems), exosystem (e.g., social services, local politics, and mass 
media), macrosystem (attitudes and ideologies of the culture) and chronosystem (time). 
Ecological Systems relate to the interactions between migrants and different people 
and the macro-level and time-level factors that affect migrants (Tolentino et al. 2022). 
Migration will bring about changes in these. Different environments and cultural atmo-
spheres may bring about changes in values for the older people (Kallis et al. 2022), 
such as changes in eating habits and changes in consumer habits. Changes in immigrant 
ecosystems will also affect carbon emissions in the lives of older migrants.
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For migrants, cultural adaptation involves physical, psychological, cultural and social 
changes as they adapt (Liu 2019). The acculturation model (Ward et al. 2020) incorpo-
rates a wide range of variables. At the individual level are the characteristics of both the 
person (e.g., personality, experience, and values) and the situation/environment (e.g., 
cultural distance, and the amount and quality of intra- and inter-group contact). At the 
societal level are the variables of the society of origin and the society of settlement, 
including social, political, economic and cultural factors. All of these contribute to 
cross-cultural transition, stress, stress coping strategies, responses and outcomes. 

3.3 The Behaviour Change Wheel 

The Behaviour Change Wheel (Michie et al. 2011) is often used in the analysis and 
research of intervention design. It incorporates three levels. At the centre are the sources 
of behaviour (covering capability, opportunity and motivation). At the next level, there 
are intervention functions, such as education, incentivisation, and restrictions). At the 
outermost level lie the policy categories, such regulation, fiscal measures, and service 
provision. 

With the emergence of behavioural change on low carbon politics and knowledge 
agendas, the question of how to understand and intervene in carbon-intensive practices 
becomes critical (Schwanen et al. 2012). Consumer behaviour is key to society’s impact 
on the environment. Changes in social practices and behaviours will lead to a reduction 
in carbon-intensive lifestyles (Moloney et al. 2010). 

4 Synthesis and Discussion 

Low-carbon targets can be divided into different levels; they correspond to different 
goals which have various degrees of impact on social development and the living envi-
ronment (Fig. 1). The high-level goals represent global sustainability, the middle-level 
goals represent the contributions that the community can make, and the low-level goals 
represent individuals, that is, those who have the long-term goal of net zero and will 
explore and practise low-carbon behaviours. 

Fig. 1. Different levels of low-carbon behaviour goals



26 Q. Ni et al.

Most of the internal factors that affect low-carbon behaviour are also the influencing 
factors of TPB. The external factors that affect low-carbon behaviour change with society, 
and there are different variables in different situations. Situational factors (also known 
as external factors) influence variables that do not occur within an individual but come 
from elsewhere (Boldero 1995). 

The influencing factors of Low Carbon Behaviour and Acculturation models have 
a lot in common. Therefore, they can be integrated into one for micro-level, individual 
behaviours. Ecological Systems Theory can provide a holistic perspective for other levels 
of action needs and the roles of relevant stakeholders. Figure 1 synthesises the factors 
influencing low carbon behaviour at different points in the system. 

In TPB, the subjective norm refers to the impact of social pressure on individual 
intentions and behaviours. This is more important than other factors in China, which 
is based on the influence of traditional Chinese collectivist values and culture (Wang 
et al. 2014). Perceived behavioural control variables imply that factors such as opportu-
nity, resources, time, knowledge, and skills are not under the control of the individual, 
thus influencing action intensively. Both morality and knowledge enable people to over-
come barriers to engage in low-carbon behaviours (Chen 2016). Attitude refers to the 
understanding of behaviour results and the estimation of value. The traditional Chinese 
man-to-nature orientation value has an impact on attitudes. 

Situational factors refer to external factors such as interpersonal influence (e.g., 
persuasion.), information, social norms, policies, economics, and technology. These 
external factors have mainly effects on individual energy consumption behaviour. 

The diverse characteristics of the population also affect energy consumption 
behaviour (Echegaray and Hansstein 2017). Numerous studies have shown that age, 
income, living environment, and education level significantly impact on low-carbon 
behaviour. 

The integrated model in Fig. 2 illustrates that low-carbon behaviour is affected by 
different factors at different levels (from the individual to the chronosystem); it provides 
a more comprehensive theoretical framework for studying low-carbon behaviour in older 
Chinese migrants. 

Low-carbon research on older Chinese migrants should consider their changing 
cultural adaptability and the change in perceptions caused by their migration experience. 
A preliminary model (Fig. 2) was proposed to utilise relevant theories at different stages 
of the PhD research.
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Fig. 2. An integrated model 

In Fig. 3, Ecological Systems Theory ‘oversees’ the whole process. Individuals’ 
resilience changes with the social and psychological changes caused by migration. Their
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consumption habits (e.g., eating, shopping) may change due to mental and environmental 
changes which Acculturation Theory can explain. TPB can predict changes in low-carbon 
behaviour. The Behaviour Change Wheel can be used to design interventions at a later 
stage. 

Fig. 3. Low-carbon to older Chinese migrants – a preliminary model 

5 Conclusions and Future Work 

Older people have been shown to generate excessive carbon emissions. There is evidence 
that Chinese migrants, with their increased cultural adaptability, are accompanied by 
higher-carbon dietary consumption, such as highly processed convenience food (Jin 
et al. 2017). However, there is not much research on the low carbon behaviour of older 
Chinese migrants, or on what low carbon means to them. 

The authors conducted reviews of theoretical models relating to low-carbon 
behaviour, migration and acculturation, and synthesised these models to guide future 
research on low-carbon behaviour in older Chinese migrants. By integrating different 
models into a single one (Fig. 2), the authors created a comprehensive framework to 
understand the influencing factors at different levels. The preliminary model (Fig. 3) illus-
trates that different models can be utilised at various stages of the research to understand 
the factors and their relationships, and guide the design of interventions. 

Future studies will focus on qualitative studies of the factors influencing older Chi-
nese migrants’ carbon behaviours. The theoretical models have provided the potential 
factors, and the findings (e.g., relationships between the factors) will help refine the 
integrated model. 
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Abstract. This paper presents initial findings and principles attained from an 
ongoing knowledge transfer project between academia and industry partners, aim-
ing to develop more inclusive later-living housing models against the background 
of current UK market stagnation and lack of suitability of existing stock. 

Housing for later-living in the UK lacks meaningful community engagement 
and hence frequently fails to embody genuine needs beyond basic accessibility 
principles. Potential residents are frequently reduced to simplified statistics or 
uncomplicated representations of ‘third age’. The lack of engagement has con-
tributed to unsuitable UK housing stock, inconsistent language use, and limited 
understanding of older peoples’ actual experiences and desires for their homes 
and communities. The UK faces the challenge of creating more human-centric, 
socially and economically sustainable spaces within homes and in the urban envi-
ronment, whilst avoiding age segregation. In recent years this has been acknowl-
edged, yet developments claiming to be designed for older cohorts continue to be 
poorly executed, through fragmented planning policies; failed designs; persistently 
institutionalised features and lack of inclusive understanding. 

This paper will discuss the prevalence of limited inclusive intentions and 
outcomes, particularly in terms of older populations, in architecture, and the con-
sequences of neglected community engagement within the architecture design 
process, pointing out uncodified methodologies and fragmented literature. The 
paper will present a successful example of a housing project for later living in 
Europe, and conclude by proposing a more human-centric approach and a set of 
initial inclusive design approaches and principles for housing. 

Keywords: Later-living · Housing · Human-centred architecture · Ageing 

1 Introduction 

Research indicates that there is a need to clarify the concept of inclusive design and asso-
ciated guidelines within architecture and built environment industries (Ormerod 2005; 
Sugiyama and Ward Thompson 2007; Harding 2020). This lack of clarity on inclusive 
design process and methods in architecture has led to the marginalising of elderly groups 
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through the routine development of institutionalised age-restricted housing complexes, 
so that segregation has doubled during the last 25 years (Kingman 2016). 

Prevalent terminologies have shaped policy frameworks, generating confusion, 
inconsistency and limitations. The typical emphasis on accessibility can prove reduc-
tive in terms of expanding inclusive approaches in architecture practice (Harding 2020). 
Another example is the ‘win-win’ proclamations around on-trend ‘solutions’ such as 
‘downsizing’, which in reality tend to maximise developers’ return on investment, rather 
than genuinely respond to older people’s aspirations. 

Furthermore, despite generalised inclusion recommendations in UK housing policy, 
at a local level it is not clear what typologies are needed for new housing developments 
for older people (Stirling and Burgess 2021). There is a lack of knowledge about older 
people’s experience of space both outside and inside their home, and a lack of clear pro-
cess and principles towards designing inclusive buildings. While it is relatively common 
to find good examples of product and service design output achieved through inclusive 
processes, in architecture the typical ‘Plan of Work’ (RIBA 2020) has focused on techni-
cal design and performance of the building (Harding 2020) rather than inclusive process 
and output. 

Based on literature, expert consultation, case study exploration and site visits, this 
paper proposes an inclusive implementation of RIBA’s Plan of Work, with a focus on 
‘Stage 0 - Strategic Definition’ through engaging architects with users. Further to this, 
three guiding principles are outlined for use in implementing Inclusive Design methods 
in Architecture. These principles highlight a range of spatial qualities and services that 
improve the human emotional, cognitive and multisensorial experience as a priority 
(Ritchie 2020), to be backed up by established and conventional intentions around space 
performance. 

2 Literature: Representation in Architectural Inclusion 

Although inclusive design has a long history in the UK context (Clarkson and Cole-
man 2015) discrepancies exist between academic recommendations and applied prac-
tices within architecture. Despite academic dialogue on user engagement and inclusive 
design strategies, within architectural practice there remains a distinct lack of under-
standing as to the benefits of such processes, and of approaches for applying them. In 
architecture practice, the narrative around participatory design processes is often dys-
functional, fragmented and self-referential (Jenkins and Forsyth 2010). Terms such as 
participation and co-design are underutilised, and conspicuous in their omission from 
the official RIBA (Royal Institute of British Architects) Plan of Work - the go-to process 
model within architectural practice, which include seven stages (0-Strategic Definition; 
1-Preparation and Brief; 2-Concept Design; 3-Spatial Coordination; 4-Technical Design; 
5-Manufacturing Construction; 6-Handover; and 7-Use). This is despite Inclusive Design 
being a recurring term highlighting good practice requirements by the RIBA (2020), in 
its architectural plan of work and stages: our research has identified that the knowledge 
and definition are often reduced to tokenism and simplification especially when concepts 
of less tangible disabilities, equity and differences are involved. There is a critical need 
to expand the scope of projects around housing to generate a more holistic definition of 
architectural inclusive design.
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Compounding this issue is the media portrayal of older people in the UK, which 
often includes concepts of care, economic dependency and an unproductive population. 
This can negatively influence policy agendas and contribute to discrimination (Lloyd-
Sherlock 2004). Schmid (2019) highlights a tendency to focus on numbers, statistics 
and potential housing options; however, the voice of older people is often devalued or 
totally absent: “Those wishing to enter the sector that do not begin with a person-centred 
operations approach, instead skip straight to the numbers, largely fail to bring a product 
to the market.” 

The only contact architects typically have with people and communities is their 
‘public consultation’, which typically happens at a late stage in the design process, when 
planning permission, technical drawings (up to RIBA Stage 3) and related documentation 
have already been submitted to local planning authorities. Post Occupancy Evaluation 
(POE) is another form of engagement to collect users’ input regarding buildings and 
spaces; however, as evidence demonstrates, it is still not fully integrated into typical 
design processes (Durosaiye et al. 2019). 

Architectural participation and co-design require inclusive design approaches which, 
as previously discussed, are limited in the architecture disciplines (Zallio and Clarkson 
2021). Inclusivity in its most simplified form is often equated to physical access for 
wheelchair users, neglecting other aspects of living in and experiencing space. On the 
contrary, inclusive methods, which are largely validated in other domains of design, 
encompass a variety of users with different needs, impairments and/or disabilities, and 
engage within multidisciplinary collaborations. The aim is to provide flexible and adapt-
able solutions that respond to the diversity of people across age, ability, gender and race. 
One key principle is to recognise exclusion through engaging with more extreme user 
experiences, understanding what bespoke solutions might be in those scenarios in order 
that they might be extended to all, acknowledging the diversity that occurs in reality 
(Zallio and Zanutto 2022). 

While in service design, for instance, there is five steps methodology (Bhavnani 
and Sosa 2008) that enhances user engagement through observations and ethnographic 
approaches as well as a linear process to generate ideas, refine and implement design. In 
architecture this process has not been revised by RIBA and so not integrated in its Plan 
of Work. 

In architectural practice there is a sense that the voice of less represented people 
is still not heard as it should be, and places and spaces are not actualising their poten-
tial, physically, emotionally or socially. This can be achieved by creating more intimate 
domestic spaces and healthier public spaces within the city, providing hybrid, some-
times deprogrammed spaces that can enable ownership and reappropriation of places 
for communities. In this scenario older people would be truly included in society, playing 
more active roles in the city and in the economy more generally. Architecture is not only 
about designing a building, but rather is about creating new relations and opportunities 
for people within the city where the building stands: “Buildings should liberate their 
users, not limit them”. (Rogers 2017). 

It is only by overcoming limited perspectives of integration and accessibility, of 
reduced standard dimensions and restrictions, and by looking at architecture through
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the magnified lens of inclusivity that we can truly improve people’s lives by creating 
meaningful places and spaces. 

3 Methodology: Literature Collation, Expert Consultation 
and Case Study Site Visits 

To investigate the lack of inclusive design in architecture and the built environment, the 
research collated architectural articles and academic publications selected accordingly 
to: their originality in the ageing space; focus upon (predominantly) older participant 
engagement; and analysis of well conducted case studies of later living housing models. 
The review provided overview and insight into prior studies that specifically emphasize 
factors influencing the understanding of inclusive design in architecture for later living. 
The literature also provided an initial list of relevant case studies that were considered 
to have been produced with inclusive motivations, providing insight into the success-
ful methods and perspectives relevant to business, architectural and built environment 
industries (Creswell 2003; Flyvbjerg 2006). 

Next a theoretical framework for selecting the top-scoring case studies of those gath-
ered was produced through three Delphi rounds, in order to validate quality-indicators 
(Hasson et al. 2000; Boulkedid et al. 2011) of best inclusive practice in architectural 
design for later living. The challenges, best practice and criteria for selection and assess-
ment used to map and evaluate the case studies were refined through gathering the 
opinion of eight UK experts in health and social care, senior living and policies, afford-
able housing and sustaining places and inclusive design who were recruited and continue 
to actively advise on the project. 

The wide collection of 60 international case studies enabled and supported the def-
inition of a theoretical framework for applicable solutions, and exploration of potential 
adaption and adaptation in the UK sector. This is a validated method in architecture and 
built environment (Harding 2020). 

The rational for case study selection was organised against nine criteria and their 
numerical evaluation through a yardstick appraisal (Yin 1994) as shown below:

The initial list of 60 potential case study sites was narrowed down to the 12 highest 
ranked examples that embodied current best practice in the sector. 

Each short-listed case study was visited for fuller data collection, and to gather 
detailed accounts from those involved in the design, construction and management as 
well as residents in situ. In this regard, sets of audit criteria, questionnaires and semi-
structured in-depth interviews related to inclusive design approaches, design challenges, 
residents’ involvement and the financial and operational aspects of buildings were devel-
oped and later put through thematic analysis. The logistics of the site visits were organised 
through a ‘site visit checklist’ in order to standardise the process and enable analysis of 
the data collected by several researchers involved in the process. 

The qualitative data obtained through these methods helped further develop a model 
with three main strands (Social, Spatial and Visual Connectivity; Sustainability and 
Diversity; Health, Wellbeing and Clarity). They were also translated into a briefing 
document, which acts as accompaniment to the RIBA Plan of Work.



Engagement Towards Creating New Models 37

Table 1. Criteria and evaluation for case studies selection 

Criteria Score Weight 

1. Location: Proximity to urban areas, amenities, GP, hospital, shops, services 0–5 10% 

2. Design Solution: Volumes, internal spaces, light, outdoor spaces 0–5 15% 

3. Inclusive Architecture: level of participatory design, residents’ involvement 
since an early stage, use of workshops, focus groups 

0–5 15% 

4. Tenure & Mix of Uses: Innovative tenure model, affordability, BTR. 
Intergenerational, multipurpose spaces 

0–5 15% 

5. Technology: Assistive technology provision, social apps, motorised 
building elements 

0–5 5% 

6. Construction Methods: Modern method of construction (prefabrication, use 
of innovative materials 

0–5 5% 

7. Sustainable Solution: Use of low-impacting materials, energy efficiency 
(i.e. photovoltaic panels), rainwater collection 

0–5 15% 

8. Care Provision: Care provided on site, 24h extra care service, physical 
activities space 

0–5 10% 

9. Financial Model: Affordability, rental model, tenure mix, Government 
incentives 

0–5 10%

4 Case Study Example: Agorhaverne Co-housing, Copenhagen, 
Denmark 

The selection of best practices from worldwide housing developments was made against 
the criteria listed in the methodology section (Table 1), contributing to better understand-
ing of process and elaboration upon the design principles. Beyond geographical location, 
the most successful later-living housing models presented recurring design themes and 
architectural inclusive design approaches as well as mixed functions and facilities. The 
example now presented demonstrates one exemplary case study from the 12 that provides 
a precedent to help develop a conceptual framework for pioneering housing models in 
the UK, as well as for improving the architectural RIBA work flow and stages. The case 
study presented is an affordable later-living development in Copenhagen, completed in 
2021 and designed by Sangberg Architects. 

Agorahaverne co-housing in Slagelse (Denmark) represents a successful inclusive 
design project where people, identity and nature complement each other and reinforce 
the sense of community within the development. One of the biggest challenges in terms 
of design, as architect Jonas Sangberg stated, was the interaction and balance between 
private and public spaces - “the study of how they [the residents] pass through the 
space”. Compositionally (see Fig. 1), the layout is developed around an internal covered 
courtyard which works as a green house and central core of public life, with different 
spaces designed for social activities. The rhythm is articulated through a grid of timber 
columns, which reduce the scale of the open space usually and support the double pitched 
trusses and glazed roof. The central courtyard is also characterised by cubicle rooms,
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accessible from ground level but also inhabitable on the roofs, which can be used for 
meetings and social activities. 

Fig. 1. Agorahaverne co-housing plan. Courtesy: Jonas Sangberg 

Fig. 2. Agorahaverne courtyard view. Source: Author 

The prefabricated apartments, all dual aspect, are distributed around the central void 
over two levels (see Fig. 2). In contrast to commonly found institutionalised aesthetic, 
the architect commented “there has been important attention to detail and to internal 
materials in order to enhance the domestic feeling and experience”. 

An innovative aspect in terms of architectural inclusive design is the collaboration 
between researchers, anthropologists and Urgent.Agency (a design company providing 
anthropological and demographical studies) which contributed to the brand of Agora-
haverne through four main values: 1. Freedom, 2. Life-long learning, 3. Community, 4. 
Central square and public spaces.
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The process of empathically engaging with potential and future residents was carried 
out by the developer Tetris together with anthropologists and researchers. This enabled 
analysis of the economy, the community aspirations and understanding of the dynamics 
of older people. During a site visit to Agorhaverne, this community-engaged approach 
was confirmed by residents - “during the design stage we were asked what we like, why 
and how our days look.” 

The level of engagement with local people also enabled future residents to know 
each other in advance and helped the developer to understand “what we shouldn’t do!”. 

5 Initial Findings 

Findings from literature, case studies and thematic analysis of the interviews with the 
main stakeholders and residents led to the identification of two key aspects that need to 
be defined in the UK context: Architectural Inclusive Design Process and Architectural 
Inclusive Design Principles, still uncodified and underestimated in architectural practice 
for later-living housing models. 

5.1 Architectural Inclusive Design Process 

The research project identified the need for a profound shift in terms of age-inclusive 
approaches in Architecture. There needs to be understanding of older people, including 
the social context, physical surroundings and including new disciplines such as neuroar-
chitecture that highlight experience of space sensorially and emotionally (Mallgrave 
2013). In terms of architectural projects, a deeper analysis, understanding site context 
and people’s needs, is fundamental, and should be integrated in the RIBA Plan of work 
stage 0 - Strategic Definition. A multidisciplinary research approach undertaken from 
the beginning of the project (as we identified from the case studies and literature reviews) 
where architects engage with people and communities, can be effective in challenging 
unsuitable briefs towards better design intent. As architecture is for people, we conclude 
there are strong ethical grounds to position inclusiveness as a fundamental intent. 

5.2 Architectural Inclusive Design Principles 

The following working diagram proposes three initial areas of investigation and their 
interrelated subcategories that form guiding principles for a more inclusive and sus-
tainable housing model for later-living. The main strands and their taxonomy of design 
principles summarise the findings collected and analysed so far from the case study 
projects (Fig. 3).

The first strand ‘Social, Spatial and Visual Connectivity’ helps to restore the sense of 
belonging to the place by creating more relation to the outdoor environment and commu-
nity. This can be achieved in ways such as opening buildings to the public; increasing the 
mix of uses, and the provision of more accessible levels and comprehensiveness of care. 
To increase the connectivity between people, and between people and spaces, flexible 
open spaces able to adapt to different situations as well as various services should be 
included in early stages of the project. The second strand ‘Sustainability and Diversity’
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Fig. 3. Inclusive design principles for later living housing model. Source: Author.

is about connecting people within a more self-sufficient environment through design that 
considers the sensorial experiences of the spaces. Moreover, the model aims to offer more 
flexible and alternative tenure mixes by proposing alternative rental fees for the private 
spaces, facilities and semi-public spaces. The third and final strand ‘Health, Wellbeing 
and Clarity’ includes a more domestic design of clear wayfinding and communal areas 
that facilitate healthy balance between social engagement and personal life. 

6 Conclusion 

This paper discusses the lack of inclusive intent and community engagement during the 
initial stages of architectural design proposals for later living housing developments in 
the UK. 

Some of the major findings are presented with the support of an exemplar case study 
provided as a highly ranked concrete example of our inclusion aspirations, which enables 
further discussion around the proposals for Inclusive Design Processes and Principles 
in architecture for later-living. 

Specifically, this paper identifies, in terms of Architectural Inclusive Design Pro-
cess, the need for codified forms of community engagement such as interviews, focus 
groups and studying users’ journey during the initial stage of the design; the need for a 
more collaborative process and greater range of experts, such as researchers, within the 
development team. 

In terms of Architectural Inclusive Design Principles for later living housing models, 
findings suggest three main areas (Social, Spatial Connectivity; Sustainability; Health 
and Wellbeing) where architects and other stakeholders can focus during the design 
process. These three areas are also elaborated upon through four subcategories of actions 
that can significantly enhance the design of a more inclusive housing model for later 
living. 
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Abstract. Promoting physical activity (PA) to older adults is beneficial for healthy 
ageing and addresses challenges posed by population ageing. The variable char-
acteristics of older adults makes it difficult for stakeholders to understand and 
address their needs. This study aims to find out the advantages and disadvantages 
of current ageing models and ways to promote PA for all populations. Literature 
related to ageing models and PA was reviewed, and 48 older adults from different 
places in the UK were interviewed. The challenge of inclusivity in ageing and four 
common ageing models were discussed. Finally, the study presents four ageing 
models to propose ways of promoting PA for people. By increasing the inclusivity 
of ordinary communities, the naturally occurring retirement community (NORC) 
could be appropriate for healthy ageing. Future researchers may want to do the 
data collection in a more systematic way to compare all the ageing models. 

Keywords: Physical activity · Healthy ageing · Ageing models · Inclusivity 

1 Using Physical Activity to Address Inclusivity in Ageing 

The rapid growth of the elderly population has become a global challenge. Population 
ageing challenges the healthcare industry as well as presenting opportunities for business 
expansion. For example, the emergence of healthcare industries has brought economic 
benefits to society and contributed to healthy ageing at the same time. 

Healthy ageing, defined as “The process of developing and maintaining the functional 
ability that enables wellbeing in older age”, has become the focus of the World Health 
Organization (WHO 2020). It is important to ensure that older adults are capable of 
living independently. 

Older adults’ diversity is reflected in the different needs they may have. The Ministry 
of Civil Affairs of the People’s Republic of China provided a classification method 
according to older adults’ health status. They can be classified into three levels: self-
cared elderly, device-aided elderly, and nursing-cared elderly (MCA 2001). The self-
cared elderlies are fully capable and can take care of themselves. The device-aided 
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elderlies need handrails, crutches, wheelchairs, lifts, etc. for daily living. The nursing-
cared elderlies have to rely on others for daily living, and they usually need medical 
care. Although older adults can be classified according to their physical capability, it is 
difficult to provide a one-size-fits-all solution for them all because of the great variability 
of older adults. 

So there are other factors to be considered to implement inclusivity in our soci-
eties, which are outlined below: 1) Cognitive Capability: there is no typical older per-
son (WHO 2021). At the same time, this classification is dynamic. When considering 
improving inclusion for older adults, physical and mental needs are equally important. 
However, compared with physical requirements, mental and emotional needs of older 
adults are more likely to be ignored. 2) Socio-Economic Differences: health inequal-
ities are widespread. Socio-Economic Status (SES) is a combined measurement of a 
person’s education, income, occupation, and other factors. People of high SES have 
more resources than people of low SES, such as better living conditions and medical 
resources (Stalsberg and Pedersen 2018). However, it does not mean that people with 
low SES cannot achieve healthy ageing. Making society more inclusive will help to 
reduce inequality. It is also worth thinking about how to make the best possible services 
for older adults based on their current economic conditions. 

Considering that more older people will have to share fewer resources in some 
developing countries such as China, more societies will need to think strategically to be 
inclusive. For example, the data from the National Health Commission of the People’s 
Republic of China (NHC) shows that in 2021 there were 190.64 million people aged 
65 and above, accounting for 13.50% of the total population (NHC 2021). Based on 
the demographic structure, the NHC proposed the “90-7-3 pattern”, i.e., 90% of older 
adults will age in place, 7% of older adults will age in communities, and the last 3% 
will age in nursing homes. However, the government can only provide limited support 
for people ageing in place because of dispersion and cultural differences. In this case, 
physical activity can be a strategy to follow to enhance longer and healthier life. 

Physical activity (PA), as one of the most effective, low cost, and sustainable solutions 
should be taken seriously. Among the many factors impacting ageing, studies have shown 
a positive connection between PA and healthy ageing (Daskalopoulou et al. 2017). A 
body of research has indicated that maintaining a reasonable level of PA weekly is 
beneficial for the health for all age groups (Davies et al. 2019) and it needs to be promoted 
everywhere for all ages and abilities. 

2 Four Ageing Models 

There are four common ways of ageing depending on the living environment: 1) ageing 
in place; 2) naturally occurring retirement community, 3) retirement community, and 4) 
care home. No matter where and how you age, remaining physically active is essential 
to keep healthy and independent. 

Ageing in place can be understood as “remaining living in the community chosen 
by the person, with some level of independence rather than in residential care” (Horner 
and Boldy 2008; Wiles et al. 2012). In other words, ageing in place is ageing in the 
person’s own home or property. The benefits of ageing in place include maintaining
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independence, autonomy, and social connections (Wiles et al. 2012). More importantly, 
ageing in place is the most affordable and inclusive way for the majority. The key element 
of ageing in place is that older adults should be able to keep their independence, which 
will not always be the case. The benefits of ageing in place should not be an excuse for 
government not to build specific care facilities. Older adults will need aid and care as 
time passes. 

A retirement community, usually known as a continuing care retirement community 
(CCRC), provides service and resources for all self-care, device-aided, and nursing-cared 
older adults. The idea of CCRC was originally proposed in the United States. The first 
CCRC, Sun City, was constructed by Del Webb in Arizona State, United States in 1960. 
They stipulated that all residents must be over 55 years old, and the rule applies still 
today. They were promoting the idea that retirement should be start of “golden years” 
instead of waiting for death. After half a century of development, CCRC numbered 
approximately 1900 in the United States in 2010 (Shinan-Altman et al. 2020). 

As opposed to CCRC which is specifically built for older adults, the naturally occur-
ring retirement community (NORC) was not originally designed for older adults but 
eventually attracted a lot of them (Jiaxuan et al. 2022). The concept of NORC was orig-
inated in the 1980s, in Georgia, United States (Ivery and Akstein-Kahan 2010; Jiaxuan 
et al. 2022). Since the NORC is not organised by company or government, studies are 
still trying to clarify the definition. It is commonly agreed that to become a NORC, more 
than 50% of residents should be over 60 years old (Hunt and Ross 1990; Yalowitz and 
Bassuk 1998). 

In order to provide optimal experiences for older adults for them to live indepen-
dently and comfortably, the United States proposed the NORC supportive service pro-
grams (NORC-SSPs) in New York City in 1986 (Jiaxuan et al. 2022). To make sure that 
the NORC-SSPs are effective, there are four objectives proposed by New York State 
(Maclaren et al. 2007). First, the services should be effective and integrated into the 
community in order to meet the diverse need of residents. Second, preventive care and 
services are necessary to keep residents independent; they can also help to reduce long-
term care which is more expensive. Third, the residents and social workers should be 
encouraged to participate in the decision process. Finally, the services should be per-
sonalised according to the residents’ characteristics by involving them in the decision-
making process such as by organising focus groups and co-design workshops. Although 
the NORC is not under the jurisdiction of the government or construction company, it 
will require funding to keep the NORC-SSPs on going, and the money usually comes 
from the government, based on the experience of New York. 

When older adults lose the ability to live independently, they will need to be taken care 
of by family or care workers either at home or in a care facility. According to a report 
done by Laing (2017, 2018), a business intelligence provider across health, care and 
education, there were around 421,000 people aged 65 or above living in care facilities 
in the UK, with 40% of those self-funding. Additionally, 650,000 people in the UK 
were receiving homecare services, which excluding people who received NHS funded 
care service at home. According to the Care standards Act (UK Parliament 2000), care 
were defined as “provid[ing] accommodation, together with nursing or personal care,
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for persons who are or have been ill, who have or have had a mental disorder, who are 
disabled or infirm, or are or have been dependent on alcohol or drugs”. 

It is essential for people who are less capable when getting old or suffering from 
certain diseases, such as dementia, to live in care facilities being taken care of both 
physically and mentally. However, barriers such as lack of adequate communication, 
being physically inactive, limited space, and fear of falling still exist and those will 
make residents frailer (Chen 2010; Kalinowski et al. 2012; Benjamin et al. 2014). 

For older adults, there is no best way of ageing, only the most suitable way for 
them. And it will depend on their physical capability, economic conditions, personal 
characteristics, family states, and their own lifestyles. It is also worth mentioning that 
the situation keeps changing as people get older. When an older person undergoes a 
major change, such as losing their partner or suffering from disease, they will need to 
re-evaluate their status and possibilities and sometimes choose another way of ageing. 
Different strategies should be applied to promote PA for older adults using different 
ageing models. 

3 The Study: Data Collection and Analysis 

This study was a literature review-based study and empirical data from interviews were 
used to test part of the results. This is because the study is part of an ongoing PhD 
research which is expected to finish in 2023. Literature related to ways of ageing based 
on living environments were reviewed, then four ageing models were explained. Two of 
the ageing models, ageing in place and CCRC, were focused on and discussed. 

In order to find out how to promote physical activity (PA) for older adults using dif-
ferent ageing models, semi-structured interviews were conducted during an 8-months 
period. The structure of the interviews was based on the factors related to PA adop-
tion including physical capability, social participation, technology, living environment, 
motivation, and enjoyment. A total of 48 participants were recruited including 27 peo-
ple ageing in place from Loughborough, Leicester, and London, 15 people living in two 
CCRCs, Gifford Lea and Charles Waterton House, and 6 volunteers or personal trainers. 

The interview was conducted both online via Zoom and Microsoft Teams and in-
person depending on the preference of participants. Most interviews were around 30 
min, some took longer if the person was talkative. All participants were provided with 
participants’ information sheet and consent form which was reviewed and approved by 
Loughborough University’s Ethics Review Sub-committee. All the sessions were audio 
recorded and transcribed, and NVivo was used for data analysis. 

There were two factors that most participants emphasised during the interviews, 1) 
the social aspect of the activity; 2) the accessibility and inclusivity of the activity. The 
social side of activity is essential. In fact, some participants consider being socially 
active is more important than being physically active. They would prefer to join a group 
with other participants of a similar age so that they can have a common topic to talk 
about. However, they will not refuse to let younger ones to join their circle as long as 
they are not the only few seniors. It is worth mentioning that more than half of the older 
adults in this study were involved in voluntary activities such as walking group leader, 
research group participant, committee member of charity etc., which is related to social
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needs and self-actualisation. Accessibility and inclusivity are related to the location, 
time, expense, and eligibility of the activity or event. It was common for the participants 
to give up an activity over a long commute and time conflict. The expense was also one 
of their primary considerations since most of them were pensioners, and they had to 
reflect on their financial status because of increasing inflation. Some participants also 
mentioned that they could not get a membership from the local leisure centre because of 
their medical condition. The leisure centre or other local activities are mainly designed 
for the general public. People who are less capable or suffer from certain illness may 
find them not inclusive enough. The situation was much better in the CCRCs because 
they have well-being navigators who can provide one-to-one support for people with 
needs. 

4 Discussion 

Ageing in place is the most common ageing model. Older adults live all over the city and 
they should be able to access all resources including public parks, gyms, leisure centres 
and clubs. However, it is not easy to design a specific intervention for them since they live 
all over the city and their capabilities are diverse. Thus, interventions for people ageing 
in place can only be general and less effective. For example a leisure centre is built for 
general public not for people who have disabilities or suffer from certain diseases A 
leisure centre will need a medical certificate if they think the customer is too fragile to 
use the facility, which stopped one of the interviewees being physically active. Another 
participant admitted that income prevents them having a membership at a local leisure 
centre. It is the government’s responsibility to make infrastructures inclusive enough for 
the public and consider how to encourage older citizens to be more physically active. 
For example, making the city more age-friendly can encourage older adults to engage 
in society since PA is not only about exercise but also related to activities of daily living 
(WHO 2007). More policy support such as bus passes, i.e., people can travel by bus for 
free if they reach 60 or the state pension age could be proposed, and it is also helpful to 
involve other stakeholders like charities and non-profit organisations. 

Older adults can maintain their autonomy and independence when living in CCRC. 
The first author visited Gifford Lea, a CCRC of Inspired Villages Group Ltd, which has 
a well-equipped gym with two fulltime wellbeing navigators, a relaxation swimming 
pool, and an outdoor area for exercise. They invited fishers, barbers, and cosmetologists 
to come to the community regularly for their residents. Most daily needs can be fulfilled 
while living in this community, which is what the company and the residents are looking 
for. 

However, it is easy to form a relatively closed environment, especially when all the 
residents are older adults. The CCRC can prevent some older adults, especially those who 
have mobility issues, from engaging with society. According to the interviews conducted 
with older adults living in CCRC, it can be difficult for them to visit their family or go 
shopping if they rely on public transport. A resident in CCRC mentioned that: “Now 
I can drive so I can visit Chester or Liverpool whenever I want, like the jazz band I 
mentioned. I cannot imagine what I am going to do without my car. Although we have a 
bus service here, it is not convenient and [it is] unpredictable. The transportation service
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from the community must prioritise those with medical needs.” Not everyone living in 
that community can drive, and some of them have not left the community for long time. 
Additionally, the CCRC can become dull if there are no more new people moving in, 
since current residents inevitable become less capable. 

Since older adults living in the CCRCs need to pay a service fee, funding is not the 
primary concern when organising events. CCRCs usually have facilities such as pools 
and gyms and they will organise PA events regularly. However, it is always up to the 
residents if they want to use the services or resources or not. It is important for CCRC to 
find the right motivation for their residents and provide different levels of PA for residents 
to address their specific needs. Since CCRC are normally far away from the city and 
public transport is not convenient, they should consider building connections with other 
stakeholders such as the local council, charities, and universities to increase openness 
to the community, especially for those who are not able to engage with activities by 
themselves. 

Compared with ageing in place, promoting PA for older adults living is NORC can 
be easier since they live in relatively concentrated areas, especially when the government 
provide NORC-SSPs for residents such as recreational and educational programs, vol-
unteer opportunities, and exercise groups etc. At the same time, NORC seems to retain 
all the benefits from ageing in place since it still is a normal community in the city and 
the residents do not need to pay extra fees for all the services they receive. However, it 
is important to make sure that the NORC-SSPs are sustainable, for example, encourage 
self-organised and voluntary activities. Otherwise, the activities are at risk of stalling if 
the government cut the budget. 

It is common that people living in a care facility lack motivation for doing PA since 
they do not see how it can be helpful. Family members and care workers need to find 
what each person values and come up with a way to persuade and encourage them. One 
of the interviewees mentioned: “When my husband lived in the care home, he refused 
to do any exercise. But I know what he wanted is just to get back to the car again. So, I 
said to him that, you have to do the stretch, and turn your neck to recover, so that you 
can drive again. And he did that. But I know he probably cannot drive forever. But the 
exercise is good for him, you know, the stretches.” 

Care facilities should deliver tailored training for people suffering from certain dis-
eases, as well as rehabilitation. Even for people who have very limited mobility, such as 
wheelchair users, PA is still essential. Since their residents are considered a vulnerable 
group, they should consult physiotherapists regarding appropriate activities to maintain 
their functional capability and avoid further injuries. 

5 Conclusion 

The government could provide support for older adults ageing in place and living in 
NORC. There are benefits to encouraging older adults to participate in society while they 
are still independent and healthy. The CCRC have better environment and resources, but 
only a few people can afford to live there. It is worth thinking that the CCRC not only 
benefits its residents but also contributes to people in that area by sharing its facilities. The 
collaboration could increase the openness of CCRC as well, otherwise the community
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will be very quiet and less active since residents are getting older as time goes by. Charles 
Waterton House, a CCRC near Wakefield, is collaborating with the local council and a 
primary school nearby to organise events together and the residents are excited to get 
themselves involved. Care facilities need to be more cautions when promoting PA since 
they are dealing with the most vulnerable group: inappropriate plans might harm them 
both physically and mentally. 

Against the background of population ageing, more efforts should be made to keep 
society working smoothly and properly. After considering the pros and cons of imple-
menting PA in the four ageing models, the NORC model appears more inclusive and 
by its integration with local communities by being more affordable and potentially an 
effective way for government to promote healthy ageing. It is cheaper for people to move 
and live in NORC compared with moving to CCRC if they feel they should get more 
support or they cannot manage cope with ageing in place, and the benefits of ageing in 
place could be retained. In this way, by providing NORC-SSPs, the government could 
provide localised support to more people using less resources. NORC-SSPs standards 
could be achieved if there are enough of them and connections can be built for them to 
share resources. At the same time, the network can also benefit people ageing in place 
because they can easily access the services near them. 

PA is not only about exercise: activities of daily living are also considered as PA. Older 
adults can participate more in society in an age-friendly city, for example by making 
new friends and doing voluntary activities. It is beneficial to reduce social stigma and 
promote active ageing, which can help to address population ageing issues. 

It is worth mentioning that data collection should be conducted in a systematic way to 
compare all the ageing models. Currently, researchers usually focus on one ageing model, 
and it is difficult to compare the result when participants are from different backgrounds. 
This study only interviewed people ageing in place and living in CCRC. One of the 
reasons is that the concept of NORC is not well accepted in the UK: most studies were 
conducted in the US and very few researchers in the UK are doing research on NORC 
and NORC-SSPs. Some interviewees’ neighbourhoods may meet NORC requirements; 
however, it was still difficult for the authors to classify them based on existing data. 
Researchers may consider developing a short survey to evaluate if older adults’ living 
environments are considered as NORC. Local authorities such as Borough Councils, 
might want to be involved in this as well because they will be able to develop tailored 
NORC-SSPs if they have the data to support their proposal. Also, future researchers 
should bear in mind that getting in touch with older adults living in care homes will 
require going through a stricter ethics approval process. However, more convincing 
findings will be discovered if the study is planned in more systematically which can 
bring potential collaboration opportunities between the government, CCRCs, and care 
homes, and NORC development in the UK. 
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Abstract. Telemedicine has served as an effective tool in delivering healthcare 
to many users via technical modalities. However, non-digital native elderly users 
who primarily reside in rural communities may naturally feel a digital divide; sub-
sequently having a negative user experience (UX) while navigating these appli-
cations. In addition to geographical residence, socio-cultural factors such as age, 
ethnicity, economic status, and/or education may be variables that cause their 
limited interaction with technology and lack of receptivity of its adoption. As a 
result, the functionality of telemedicine applications can pose a challenge without 
an adequate user interface (UI) design that emphasises their inclusivity. Hence it is 
important to consider demographic markers that can affect overall usability. The 
purpose of this paper is to identify and highlight the socio-cultural factors affecting 
rural elderly users that influence the perceived usefulness of telemedicine applica-
tions. Using a grounded theory approach, a qualitative study was conducted using 
a systematic review of existing literature for data collection to explore relevant 
usability challenges. Key factors were extracted using a thematic analysis method, 
with the aim of closing the gap in inclusivity by providing knowledge for further 
exploratory research – thereby offering opportunities to improve inclusion design 
for future research and tool development. 

1 Introduction 

The early phases of COVID-19 were undoubtedly unprecedented times throughout the 
world. During which period, both physicians and patients experienced a rapid turnaround 
involving the transition of continuing health services and the reintroduction of telehealth 
systems. Telemedicine, a subset of telehealth, was utilised within healthcare prior to the 
global pandemic – it was originally introduced in the United States during the 1960’s. 
Telemedicine is defined as a system of healthcare delivery in which physicians examine 
distant patients through the use of telecommunications technology (Tan and Ong 2002). 
While these applications prove beneficial in allowing patients to continue to receive med-
ical services, they also demonstrate some challenges in usability in less urbanised areas. 
Although telehealth is claimed to increase access to health services for underserved rural 
populations, there is a general consensus in existing literature that telehealth does not 
benefit everyone equally, and underserved rural populations are at a particular disadvan-
tage (Svistova et al. 2022). Equally important to their geographical residence, elderly 
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digital immigrants have a perception of risk in using technology due to the absence of a 
technical background or information technology (IT) training tailored to older users. 

Notably, during the transitional period of the stay-at home (lockdown) mandate and 
deploying telemedicine via information and communication technology (ICT) devices, 
these individuals were not harmoniously migrated – a particular challenge in rural com-
munities coupled with an increasing aging population and various socio-cultural factors. 
Per (Tacken et al. 2005), Dutch research reported participants in the age group 64–70, 
28% of men versus 8% of women were able to handle a computer. The presence of com-
puters is higher among men, the better educated, higher income and larger households 
(Tacken et al. 2005). Over 50% of older people experience problems in using a computer 
and a mobile phone (Tacken et al. 2005). Universal efficacy of any UI is still in its infancy, 
yet UX researchers can begin creating tools for optimal use across demographics. 

The foundation of making a tool optimal for elderly digital immigrants consists of 
communicating and displaying its projected value. Socio-cultural factors correlated with 
the aging population are extremely important in the context of telemedicine related to 
its perceived usefulness (PU) and perceived ease of use (PEU) as we move towards a 
digital society. It is important to go behind content analysis to investigate users’ percep-
tions of mobile health apps user interfaces (UI) (Alsswey et al. 2018). Given this, UX 
practitioners should be cognisant of possible age-related health deterioration (e.g., cog-
nition and dexterity) and cultural markers that affect the PEU of future interaction. Poor 
cultural aspects in UI design regularly mean poor user interaction and hence reduced 
user acceptance and satisfaction (Alsswey et al. 2018). Therefore, addressing cultural 
differences of use when designing UIs could improve acceptance, usability and help 
users to interact in a better way with the interface (Alsswey et al. 2018). 

Following decades of research focused on getting older adults to adopt technology, 
there has not been enough progress to ensure older adults are sufficiently adept to nav-
igate a society in which critical services are increasingly “online only” (Knowles and 
Hanson 2018). Designers must intermix specific functionality in tool development that 
will allow elderly digital immigrants in rural communities to engage with the technol-
ogy as effortlessly as possible. This paper aims to answer the following: R1: Does the 
adoption of technology affect one ethnicity more than others? 

2 Methods 

An exploratory research approach was undertaken for data collection by analysing sec-
ondary research (n = 53) including case studies, literature reviews, and usability stud-
ies employing qualitative methods for sampling, collecting, analysing, and extracting 
data. Studies were selected by searching scholarly databases. This methodology was 
selected to further understand the phenomenon of technology adoption by elderly users 
in rural communities. A qualitative approach was chosen as it emphasises knowledge and 
understanding of a problem, to provide an adequate synthesis on adapting to technology 
considering a multitude of factors.
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2.1 Search Criteria 

The following key terms were used: (Usability OR User Experience) AND (Challenges 
OR Barriers OR Difficulties) AND (Telemedicine OR Telehealth) AND (Patients OR 
Clients) AND (Covid-19 Pandemic) AND (Rural Areas OR Rural Communities) AND 
(Elderly OR Aged OR Older OR Elder OR Geriatric). The results of these searches were 
screened using an eligibility criteria. 

The inclusion criteria for this study included:

• publication written in English;
• full text;
• scholarly peer-reviewed journal articles;
• aging population;
• digital immigrants;
• primary rural residency. 

Studies including youth and adolescent age groups, users with sufficient ICT 
knowledge and settings in urban communities were excluded. 

2.2 Study Selection 

The selection of studies was completed by using specific search criteria in academic 
research databases such as ScienceDirect, ACM, Springer, ResearchGate and Journal of 
Medical Internet Research. Subsequent studies were also selected by reviewing closely 
related scholarly references citied in primarily selected studies. 

2.3 Eligibility Criteria 

Qualitative data was extracted from the studies and evaluated based on quality criteria. 
A checklist was created to further assess the studies and to rule out any discrepancies as 
illustrated in Table 1. 

Table 1. Qualitative research criterion assessment 

Quality criterion assessment Met criteria Did not meet criteria 

Does this study focus on qualitative research? 48 5 

Is the qualitative approach clearly identified? 50 3 

Is the approach clearly stated? 37 16 

Is the sampling method clearly explained? 41 12 

Is the method data collection clearly explained? 49 4 

Is the method of data analysis free of bias or obstruction? 53 x 

Are the findings supported by adequate evidence? 50 3
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2.4 Data Extraction and Analysis 

Data extraction was conducted independently via a methodological quality assessment 
based on inclusion criteria, and its validity established by cross examining the content 
on specific quality criteria for eligible studies. Extracted data includes thematic analy-
sis to further understand how elderly users in rural settings interact with and adapt to 
technology across ethnicities. A qualitative synthesis was conducted using the Tech-
nology Acceptance Model (TAM) framework, providing a grounded theory to better 
understand the adoption rate of users. This conceptual model helps to define a theoret-
ical basis whether technology will be accepted by users based on two primary factors: 
perceived usefulness and perceived ease of use. While cross examining socio-cultural 
factor markers, themes began to emerge – indicating data saturation as illustrated in 
Fig. 1. 

Fig. 1. Thematic analysis chart
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3 Thematic Findings 

Thematic findings are presented in two categories: Internal and External Determinants, 
based on socio-cultural factors found in digital immigrants within the aging popula-
tion in rural communities. Using an exploratory research method, a systematic review 
of literature established cultural determinants that accompany a projected UX. Inter-
nal and external sociocultural factors include health, age, cultural beliefs, geographical 
residence, social influence and education. Data on the adoption and use of technology 
such as computers have generally shown that a number of factors, such as education, 
socioeconomic status, attitudes toward technology, the perceived benefits of technology, 
and access to technology, influence technology adoption (Czaja et al. 2006). Common 
reasons given as to why older people report that they do not go online include costs, lack 
of skills, lack of interest and concerns about security of information (Czaja et al. 2006). 
Understanding this information early in the design process helps UX practitioners to 
create a positive experience. An effective user interface would be created based upon 
perspectives from the disciplines to maximise the overall usefulness (Punchoojit and 
Hongwarittorrn 2017). 

3.1 Internal Determinants 

As digital immigrants, perceptions of new technology in the aging population within 
rural settings are formulated based on a range of factors. 

Health tends to be a crucial factor in elderly patients adapting to using telemedicine 
services. For example, older patients may experience hearing, visual or dexterity diffi-
culties that will impact PEU during use of apps. Changes in vision are usually in the 
form of a reduced ability to see distant objects, a loss of the ability to see objects to one 
side, and a loss of the ability to see very close (even faces) and some colors (peripheral 
vision) (Kececi and Bulduk 2012). Rural elders are also more likely to have certain 
chronic conditions such as arthritis and hypertension that reduce self-assessed health 
status and impair the ability to perform various activities (Rogers 2002). 

Age influences the older generation because of past experiences, the origination of 
habits and beliefs and values – influencing the rate of technology adoption. Having lived 
longer lives, older people are more likely to have lived through more spheres of expe-
rience, and more reconfiguration of spheres of experience, than younger people: many 
family or friend-related experiences, numerous professional situations, situations related 
to social life, events related to leisure activities, diverse cultural events (Zittoun and Bau-
cal 2021). Age is often taken as a significant variable for studying elderly populations 
because the elderly’s physiological and psychological characteristics are distinct from 
their younger counterparts (Meng et al. 2020). Elderly users’ declining physical and cog-
nitive capabilities possibly cause them to suffer a high level of technology anxiety and 
health anxiety, which discourage them from using innovative technology (Meng et al. 
2020). Assuming that these users must recognise a beneficial impact of ICT – otherwise 
it is to be expected it will be underutilised voluntarily. 

Education and experience might provide additional insights into ICT acceptance 
and usage among such a highly heterogeneous population group as older adults 
(Macedo 2017). Traditionally, elderly users learn through human interaction rather than
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reading books or taking exams (Sergio et al. 2007). Learning styles may differ across 
ethnicities resulting in disparities in IT adoption. According to Felder and Silverman’s 
active vs. reflective learning dimension, African American learners were clearly reflec-
tive, while Caucasian learners were clearly active (Qureshi and York 2008). In terms 
of sequential versus global understanding, African Americans and Native Americans 
were clearly sequential, while other ethnic groups showed no significant preferences 
(Qureshi and York 2008). Given this, preferred learning styles are likely to affect IT 
adoption across demographics. This experience also shows that the social relationships 
established between the elderly and their social circles (namely, other adults, children 
and grandchildren) are important in the motivations and perceptions of elderly people for 
learning to use ICT (Sergio et al. 2007). With this in mind, it’s imperative to incorporate 
users’ learning styles to help them to learn efficiently. 

3.2 External Determinants 

Social influences, environmental stressors, geographical residency and the accessibility 
of healthcare and healthcare systems play a critical role in the adoption of IT in cultures 
across the world. Research has shown a slow rate of IT adoption rates in the United States, 
with generally less adoption in settings containing high proportion of minorities (Lopez 
et al. 2011). For example, in the case of Electronic Health Record (EHR) adoption, 
only 1.5% of hospitals in the United States have a comprehensive EHR system, and, 
depending on the definition used, between 8% and 12% of hospitals have a basic system 
(Lopez et al. 2011). 

Telemedicine services ideally have a different implementation approach based on 
geography. PU will be affected by where users reside due to the culture of these environ-
ments, as well as readily accessible resources. For instance, urbanised elderly patients 
may be less likely to resist ICT based on technical resources available and literacy. How-
ever, elderly patients in underserved rural settings may need more persuasion because 
they are not widely or equally exposed to IT on a daily basis or in routine use. Evidence 
shows decreased access to and use of the Internet for health-related information across 
age and social and ethnic strata (Lopez et al. 2011). Persons who are older or poor, 
belong to a racial/ethnic minority, or have a low education level are less likely to use the 
Internet (Lopez et al. 2011). Pew Hispanic Survey demonstrates that from 2006 to 2008, 
Internet use among Latino adults increased from 54% to 64% (versus 61% to 63% for 
blacks and 72% to 76% for whites) (Lopez et al. 2011). 

Using telemedicine applications can decrease the travel burden both for providers 
and families and allows providers to reach almost all rural areas since interactive tele-
video is already commonly used there for learning purposes (Hosseini and Yilmaz 2019). 
Rural elderly users, who are digital immigrants, are more likely to decline in physical 
and mental health because the environmental settings and lack of accessible resources. 
Environmental settings and social systems affect personal behavior by impacting one’s 
biological condition, and interacting with physiological processes to generate mood 
states that bias cognition and constrain social interaction (Cole et al. n.d.). In addi-
tion, technical resources such as internet and bandwidth are crucial components of ICT 
integration and utilisation.
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Elderly users are most influenced through sociocultural factors – ranging from sig-
nificant others, family members, church communities and neighbors who can increase 
the chances of technology adoption. Social networks can consist of multiple circles, with 
users particularly valuing the emotional and instrumental support of individuals in their 
closest circle and wanting to share the decision-making with them (Doekhie et al. 2020). 

4 Discussion and Conclusion 

The aim of this paper was to more deeply explore different factors and barriers to help 
develop more inclusive healthcare tools for the aging population based in rural settings. 
With the rapid growth of ICT functionality, current state healthcare tools provide a 
foundation to optimise inclusion via socio-cultural driven system performances. Adapt-
ing to technological advancements can seem a challenge to some users who do not 
have a sufficient IT background. By further examining social determinants, the survey 
reached a better comprehension of variables such as health, geographical residence, 
social influence, demography and income in relation to IT adoption. 

A systematic review was conducted to explore IT adoption in older users. Based 
on thematic analysis, synthesising academic literature and integrating the Technology 
Acceptance Model (TAM) framework, both internal and external social determinants 
support in PU and PEU of rural elderly users in ICT devices and telemedicine applica-
tions. The framework involving the acceptance of technology was developed to predict 
individual adoption and use of new information technologies (IT) (Venkatesh and Bala 
2008). It posits that individuals’ behavioral intention to use an IT is determined by two 
beliefs: perceived usefulness, defined as the extent to which a person believes that using 
an IT will enhance his or her job performance and perceived ease of use, defined as the 
degree to which a person believes that using an IT will be free of effort (Venkatesh and 
Bala 2008). Older adults in rural areas may deliberately choose to resist using technol-
ogy as they do not have readily available resources to help them get the skills to use ICT 
devices, as compared to other demographics. 

Using grounded theory analysis to better understand the research question (dis-
cussing whether the adoption of technology affects one ethnicity more than others), 
one can derive that there are disparities in IT adoption across ethnicities. Due to the 
perception of IT, the adoption rate will vary across users as some embrace the advance-
ments based on their way of life, while others adopt them based on cultural significance. 
Based on learning styles and access to literary resources, African American and Hispanic 
ethnicities have a lower adoption rate compared to other ethnicities. 

4.1 Limitations 

This study reviewed the adoption of technology in rural areas within the aging popula-
tion using only qualitative studies and literature. A systematic review of peer reviewed 
literature was conducted rather than using primary methods of data collection.
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4.2 Future Work 

While disparities may increase because of access inequalities, more research is needed 
to better understand the barriers to IT use with the aim of creating an adequate design that 
will improve health ICT use in vulnerable populations. Coupled with technical advance-
ments, existing technology can aid in designing a more inclusive tool based on focusing 
on social determinant barriers. To illustrate, innovative quantitative techniques could be 
useful to track unexpected information about psychophysiological (e.g., eye-tracking, 
heart-rate, galvanic skin response, non-verbal communication) responses of the users 
to assess their affective and cognitive reactions (Tuena et al. 2020). Eye tracking tech-
nology can also be used for evaluating usability and adherence (good > 80%) by using 
time spent, number of log-ins, or interaction modality, giving additional quantitative 
data (Tuena et al. 2020). Cultivating technology in ICT can aid in reducing dexterity 
difficulties while performing commonly overlooked tasks such as ability to turn sound 
and video on/off, modify screen brightness or adjust screen size. 

References 

Alsswey, A., Umar, I.N.B., Bervell, B.: Investigating the acceptance of mobile health application 
user interface cultural-based design to assist Arab elderly users. Int. J. Adv. Comput. Sci. Appl. 
9(8) (2018) 

Cole, G., Holtgrave, D., Ríos, N.: Internal and external factors that encourage or 
discourage health-relevant behaviors. Oak Ridge Institute for Science and Educa-
tion (n.d.). www.yumpu.com/en/document/read/8553343/internal-and-external-factors-that-
encourage-or-discourage. Accessed 25 Jan 2023 

Czaja, S.J., Charness, N., Fisk, A.D., Hertzog, C., Nair, S.N., et al.: Factors predicting the use of 
technology: findings from the Center for Research and Education on Aging and Technology 
Enhancement (CREATE). Psychol. Aging 21, 333–352 (2006) 

Doekhie, K.D., Buljac-Samardzic, M., Strating, M.M., Paauwe, J.: Elderly patients’ decision-
making embedded in the social context: a mixed-method analysis of subjective norms and 
social support. BMC Geriatr. 20, 53 (2020) 

Hosseini, H., Yilmaz, A.: Using telehealth to address pediatric obesity in rural Pennsylvania. Hosp. 
Top. 97, 107–118 (2019) 

Kececi, A., Bulduk, S.: Health education for the elderly. Geriatrics, pp. 153–177 (2012) 
Knowles, B., Hanson, V.: The wisdom of older technology (non)users. Commun. ACM 61(3), 

72–77 (2018) 
López, L., Green, A., Tan-McGrory, A., King, R., Betancourt, J.: Bridging the digital divide in 

health care: the role of health information technology in addressing racial and ethnic disparities. 
Joint Comm. J. Qual. Patient Saf. 37, 437–445 (2011) 

Macedo, I.M.: Predicting the acceptance and use of information and communication technology 
by older adults: an empirical exam. Comput. Hum. Behav. 75, 935–948 (2017) 

Meng, F., Guo, X., Zhang, X., Peng, Z., Lai, K.H.: Examining the role of technology anxiety 
and health anxiety on elderly users’ continuance intention for mobile health services use. In: 
Proceedings of the 53rd Hawaii International Conference on System Sciences, Maui, HI, USA, 
6–10 January 2020 

Punchoojit, L., Hongwarittorrn, N.: Usability studies on mobile user interface design patterns: a 
systematic literature review. Adv. Hum. Comput. Interact. 2017, 1–22 (2017)

http://www.yumpu.com/en/document/read/8553343/internal-and-external-factors-that-encourage-or-discourage
http://www.yumpu.com/en/document/read/8553343/internal-and-external-factors-that-encourage-or-discourage


58 M. Forbes and J. Chakraborty

Qureshi, S., York, A.: Information technology adoption by small businesses in minority and ethnic 
communities. In: Proceedings of the 41st Annual Hawaii International Conference on System 
Sciences, Waikoloa, HI, USA, p. 447, 7–10 January 2008 

Rogers, C.: Rural health issues for the older population. Rural Am./Rural Dev. Perspect. 17, 30–36 
(2002) 

Sergio, S., Patricia, S., Maite, G., Míriam, A., Laura, L.: Meeting educational needs of the elderly 
in ICT: two exploratory case studies. Crossroads 14(2), 1 (2007) 

Svistova, J., Harris, C., Fogarty, B., Kulp, C., Lee, A.: Use of telehealth amid the COVID-19 pan-
demic: experiences of mental health providers serving rural youth and elderly in Pennsylvania. 
Adm. Policy Mental Health 49, 530–538 (2022) 

Tacken, M., Marcellini, F., Mollenkopf, H., Ruoppila, I., Szeman, Z.: Use and acceptance of 
new technology by older people. Findings of the international MOBILATE survey: enhancing 
mobility in later life. Gerontechnology 3, 126–137 (2005) 

Tan, L.T.H., Ong, K.L.: The impact of medical technology on healthcare today. Hong Kong J. 
Emergency Med. 9, 231–236 (2002) 

Tuena, C., Pedroli, E., Trimarchi, P.D., Gallucci, A., Chiappini, M., et al.: Usability issues of 
clinical and research applications of virtual reality in older people: a systematic review. Front. 
Hum. Neurosci. 14, 93 (2020) 

Venkatesh, V., Bala, H.: Technology acceptance model 3 and a research agenda on interventions. 
Decis. Sci. 39, 273–315 (2008) 

Zittoun, T., Baucal, A.: The relevance of a sociocultural perspective for understanding learning 
and development in older age. Learn. Cult. Soc. Interact. 28, 100453 (2021)



Proposing a Systematic Assessment Tool 
for Evaluating the Architectural Variables 

of Dementia-Friendly Design in Nursing Homes 

T. Golgolnia1(B), M. Kevdzija2, and G. Marquardt1 

1 Chairs of Social and Health Care Buildings and Design, Faculty of Architecture, Technische 
Universitaet Dresden, Dresden, Germany 

{tahere.golgolnia,gesine.marquardt}@tu-dresden.de 
2 Institute of Architecture and Design, Faculty of Architecture and Planning, TU Wien, Vienna, 

Austria 
maja.kevdzija@tuwien.ac.at 

Abstract. The world’s aging population is growing rapidly; consequently, the 
population with dementia is also significantly increasing. The relationship between 
the built environment and Health and Care Outcomes (HCOs) of people with 
dementia has been established by a considerable amount of research on dementia-
friendly design. To implement the findings of studies on dementia-friendly design, 
an assessment tool of Architectural Variables (AVs) is required to evaluate the 
effectiveness of the design of built environments, such as healthcare facilities 
for people with dementia. Despite the existing assessment tools and studies con-
ducted in the field of dementia-friendly design, systematically evaluating the AVs 
is not possible in practice, because of some challenges discussed in this paper. To 
address these challenges, this literature-based paper examines the capabilities of an 
assessment tool (toolkit) to systematically evaluate the dementia-friendly design 
of nursing homes. For this, three main aspects of the assessment tool including 
(a) the development base, (b) the users, and (c) the capability of being kept up 
to date are investigated to find out how they could contribute to the creation of 
a systematic assessment tool. This paper also proposes a methodology for the 
development of an assessment tool in three steps. First, the AVs and HCOs, and 
their interactions should be organised in a database. Second, a structured database 
of data collection methods and the available data should be developed. Third, the 
development of analytical relations should be done to provide assessments. 

1 Introduction 

Dementia is an age-related syndrome that leads to generalised deterioration in cogni-
tive function that causes functional impairment including resulting disability in people’s 
daily lives (Plassman et al. 2007). It is beyond what might be expected from the usual 
consequences of biological aging (WHO 2021). Dementia affects memory, thinking, ori-
entation, comprehension, calculation, learning capacity, language, and judgment. With 
the aging of society, numbers with dementia are increasing. It is projected that the num-
ber of people with dementia in the world will increase from 55 million at the current 
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time to 139 million in 2050, and the cost annually imposed on societies will reach US$ 
2.8 trillion in 2030 (Hoffmann et al. 2020; WHO  2021). 

Also, the fact that the consequences of dementia affect other groups, including fami-
lies, caregivers, and society as a whole, makes it essential to address the challenges linked 
to people with dementia (Waller and Masterson 2015). On the other hand, evidence on the 
role of the designed and built environment in supporting people with dementia has been 
steadily increasing for almost 40 years (Calkins 2018). The physical environment is a 
critical component of a therapeutic setting for such people (Chaudhury and Cooke 2014; 
Zeisel et al. 2020, 202) to help them achieve their full potential and avoid unnecessary 
disability (Davis et al. 2009). 

Recently, there has been a much-needed increase in developing detailed and com-
prehensive design tools for design professionals and healthcare providers. Also, many 
empirical studies have been carried out that examine the effectiveness of physical envi-
ronmental features to support the quality of life for people with dementia in nursing 
homes (Zeisel et al. 2020). Specifically, the subject of empirical studies on dementia by 
researchers in the field of architecture is the examination of the “Architectural Variables” 
(AVs) of the built environment on “Health and Care Outcomes” (HCOs) of people with 
dementia. AVs are those items of the built environment that the architect plays a key 
role in determining (e.g., scale, density, building layout, and environmental attributes) 
(Marquardt et al. 2014; Calkins 2018; Chaudhury et al. 2018). HCOs are those outcomes 
related to various human aspects, including health (physical and mental health), behav-
ior, social interactions, and human identity (Kar and Sarkar 2017; Büter and Marquardt 
2020). 

By now, it has been established that the built environment in which people with 
dementia live and are cared for plays a key role in aspects, including their well-being, 
function, social abilities, and care outcomes (Marquardt et al. 2014). However, we argue 
that this potential of the built environment could be better used if the outputs of empirical 
studies were not only the subject of various literature reviews but organised into a 
systematic assessment tool. It is worth mentioning that although architectural quality 
cannot be achieved through any assessment tool, the tools can still help architects to 
make informed design decisions for the benefit of people with dementia. 

2 Definition of “Dementia-Friendly Design” 

To date, there is no precise definition of the term “dementia-friendly design” (Kirch 
et al. 2018). However, some efforts to define the underlying concept were made in 
recent years. The usage of the term “dementia-friendly” may vary, but in general, it 
refers to the “social” health of people with dementia versus their “medical” health. 
Defining attributes of dementia-friendliness includes empowerment, aspiration, self-
confidence, contribution, participation, meaningful activities, wayfinding ability, sense 
of safety, accessibility of local facilities, social acceptance, and human rights (Olson and 
Albensi 2021). The authors (Hebert and Scales 2019) reviewed the literature and iden-
tified various applications of the term “dementia-friendly” such as dementia-friendly 
initiatives, dementia-friendly communities, and dementia-friendly design. To give an 
example: the concept of “dementia-friendly communities£ refers to cities and commu-
nities that cultivate an understanding of dementia and support people with dementia to
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live well (Downs 2013). As another example, “people with dementia have the same rights 
as everyone else to be treated with dignity and respect, to lead independent, autonomous 
lives, and to continue to be active citizens in a society whose opinions are heard and 
acted upon” (Bartlett 2016). 

The concept of dementia-friendly design has been discussed in studies of dementia-
friendly initiatives in the environment of long-term care facilities (Hebert and Scales 
2019). Also, a set of design principles for dementia-friendly design has been proposed. 
In most research sources, the principles proposed by Marshall and Fleming–Bennett are 
mentioned (e.g., providing a human scale, creating a familiar place, and enhancement 
of visual access) and have been extracted and organised around a set of environmental 
design principles (Marshall 2011; Zeisel et al.  2020). Generally, although elements and 
principles of dementia-friendly design have been clearly articulated in the literature, an 
overarching definition has been conspicuously absent. Such a definition should highlight 
the importance of the experiences of people with dementia and the need to consider 
the organisational, social, and physical environments that influence those experiences. 
Hence, a dementia-friendly environment could be defined as a cohesive system of support 
that recognises the experiences of people with dementia and provides assistance for them 
to remain engaged in everyday life (Barbosa et al. 2017). 

3 Role of the Assessment Tool for Evaluating the AVs 
of Dementia-Friendly Design 

Although there is a considerable number of empirical studies which are the primary 
resource for dementia-friendly design principles, to our knowledge they have not been 
organised to be used effectively. Also, the lack of a cohesive definition of dementia-
friendly design could lead to various interpretations of its principles. It should also be 
considered that the research base of dementia-friendly design in long-term care facilities 
is more robust than that of acute care, so dementia-friendly specific studies require 
more consistent use of evidence-based assessment tools, with reporting of psychometric 
properties (Hebert and Scales 2019). Given the nature of an assessment tool, as well 
as the features it should have, an assessment tool for evaluating the AVs in dementia-
friendly design could play a role as both a definer and an organiser of the principles 
involved. 

Assessment means the process of testing and making a judgment about (Cambridge 
Dictionary 2022) the aspects of an environment to improve it for the purpose for which it 
was created. Assessment involves three steps: identifying influential variables, measur-
ing them, and collecting and analysing data on the measures needed to achieve a purpose 
(e.g., to specify design defects or to test theory) (Carp 1994). An assessment tool is based 
on the research evidence used for evaluating the built environment’s design. The assess-
ment tool focuses on those aspects of the physical environment known to impact people 
with dementia. It assesses not only the physical environment (such as floor coverings and 
the use of paint colors) but also the way that the environment encourages people to behave 
and interact (Waller and Masterson 2015). In all three steps mentioned above assessment 
tools use various types of information, including residents’ views, ratings by assessors, 
and technical measurements. Whether measurements are single items or sophisticated
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scales, either subjective or objective, they should assess the environment distinctly, not 
confounding it with other influences on outcomes under study (Carp 1994). Compre-
hensive assessment is essential in providing appropriate care facilities and improving 
the quality of life for people with dementia. This assessment tool will be suitable for 
use by researchers in the field of architecture in the process of evidence-based design. 
It will also be useful for architects in the planning process. 

According to the discussion above about an assessment tool, there are two questions: 

• Q1: How many and what kind of features and requirements for evaluating the AVs of 
dementia-friendly design have been included in the existing assessment tools? 

• Q2: How should the shortcomings of the existing assessment tools be addressed, and 
what shortcomings should be prioritised? 

A systematic review of existing assessment tools is carried out to answer these 
questions. To find out how specifically they evaluate the impact of the environment, 
particularly the impact of AVs on people with dementia, in long-term care facilities. 
In the following section, the method for conducting a systematic review is presented 
first, followed by the results, and finally by a methodology for developing an efficient 
assessment tool. 

4 Method  

In identifying and analysing existing assessment tools, inclusively and exclusively 
dementia-focused, two fundamental considerations have been considered. 

First, studies have been selected to give maximum coverage of pre-existing ones. 
For this purpose, two complementary systematic literature reviews covering the period 
from 1990 to 2021 were used to identify assessment tools. The first review by (Elf et al. 
2017) included publications from 1990 to 2016 and focused on a systematic review of 
environmental assessment tools for assessing the quality of the physical environment 
in health care. The second systematic review study conducted by Calkins et al. (2022) 
reviewed the period from 2017 to 2021 and focused on evaluating environmental assess-
ment tools for long-term care facilities for people with dementia. The search terms (tool, 
instrument, scale, assessment, measurement, evaluate, screening, the physical health-
care environment, healthcare space, healthcare setting, hospital, healthcare architecture, 
healthcare building, healthcare design) and the search databases (Medline, CINAHL, 
PsycInfo, and Avery Index) were identical in both studies (Elf et al. 2017; Calkins et al. 
2022). 

Second, a review of the identified assessment tools based on the following criterion 
has been done. The criterion determines the degree of relevance of each assessment tool 
to the aim of evaluating the AVs. Then, the existing assessment tools are sorted so that 
the ones most relevant to AVs are prioritised for analysis to answer the questions raised 
in Sect. 3. The next section presents the chosen assessment tools and their analysis.
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5 Result of Environmental Assessment Tools Analysis 

From the previously mentioned assessment criteria, 13 assessment tools were identified, 
which are presented in Table 1. These tools are sorted based on the degree of relevance 
of items in an assessment tool to the AVs. This criterion is described as R(i) in Eq.  1. 
In this relationship, TIs(i) is equal to the total number of items that are considered in a 
particular assessment tool (here i), and RIs(i) is the number of items that are related to 
AVs. 

R(i) = 
RIs(i) 

TIs(i) 
∗ 100% (1) 

R(i) as a criterion for sortation is crucial since the existing assessment tools consider 
items, some of which are unrelated to AVs. Thus, the greater the percentage is, the more 
an assessment tool relates to AVs, thus making it more relevant for architectural research. 

Table 1. The number of items allocated to AVs in environmental assessment tools 

R(i) Tool’s acronym Tool’s name 

Level 1 
0% 
to 
50% 

0% PEAP Professional Environmental Assessment Protocol 

0% EOH Experience of Home 

10% NURS Nursing Unit Rating Scale 

18% ACC-2.0 NH Artifacts of Culture Change 2.0 

Level 2 
51% 
to 
80% 

55% SCEAM Sheffield Care Environment Assessment Matrix 

60% EQuAL Environmental Quality Assessment for Living 

61% DEAP Dining Environment Audit Protocol 

68% EVOLVE Evaluation of Older People’s Living Environments 

70% EA-DDAT Environments for Ageing and Dementia Design 
Assessment Tool 

78% E-B Model Environment-Behaviour Model 

Level 3 
81% 
to 
100% 

86% EAT Environmental Assessment Tool 

86% EHE-EAT Enhancing Healing Environment - Environmental 
Assessment Tool 

90% TESS-NH Therapeutic Environment Screening Survey for 
Nursing Homes 

Considering the R(i) amounts, assessment tools are classified in three ranges includ-
ing 0%–50%, 51%–80% and 81%–100%. The assessment tools in the 81%–100% per-
centage range incorporate more AVs than any of the other tools. That is why they 
have been used as the most representative examples of environmental assessment tools 
(Table 2). 

On investigating the existing assessment tools, the answer to question 1 in Sect. 3 can 
be resolved into three main problems, whose resolution could result in more effective 
assessment tools.
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Table 2. Environmental assessment tools suitable as an analytical basis for evaluating the AVs of 
dementia-friendly design 

Tool’s acronym Individual tool features 

EHE-EAT • Developed for assessing hospitals and health centers
• Direct observational tool
• Divided into seven criteria that the environment should promote: 
meaningful interaction between patients, their families, and staff; 
well-being; eating and drinking; mobility; continence, and personal 
hygiene; orientation; and calm, safety, and security (Waller and Masterson 
2015) 

EAT • Developed for assessing hospitals and residential aged care facilities
• Direct observational tool
• Consists of 72 questions grouped into ten subscales: safety; size; visual 
access; reduction of unnecessary stimuli; highlighting of useful stimuli; 
provision for wandering and outdoor areas; familiarity; privacy and 
community; community links; and domestic activities (Smith et al. 2012) 

TESS-NH • Developed for assessing nursing homes
• Direct observational tool
• Divided into 84 discrete items plus one global item that covers 13 domains, 
including exit control; maintenance; cleanliness; safety; orientation/cueing; 
privacy; unit autonomy; outdoor access; lighting; noise; visual/tactile 
stimulation; space/seating; and familiarity/homeliness (Sloane et al. 2002) 

a. The basis of assessment tool development: The lack of the comprehensiveness 
needed to cover a wide range of AVs that affect the HCOs in dementia-friendly design 
could be considered the development base’s main problem. This problem results from 
the lack of a systematic classification of AVs for assessment, which explains why only 
some of the AVs in a not well-developed classification combined with some criteria and 
principles, are available in the existing assessment tools. These problems have caused 
other negative side effects. The existing assessment tools do not consider the cumulative 
interactions and correlated impact of AVs on HCOs. As a result, the existing assessment 
tools provide little to no flexibility for adaptation to a specific architectural research 
question. 

b. The usage and users of the assessment tool: The existing assessment tools are 
not widely used in architectural practice, which is also due to their lack of a classification 
of the AVs. Another limitation is the difficulty of using the existing assessment tools in 
the pre-construction stage (design stage). It is unclear for what type of users and level of 
expertise most assessment tools were developed. Specifically, to develop an assessment 
tool to evaluate the AVs of dementia-friendly design in nursing homes, the target users 
are architects and design researchers. 

c. The ability to be updated as a basis for further research: The existing assess-
ment tools are not as extendable and flexible as would be necessary for researchers 
and architects to better access the required evidence-based inputs for dementia-friendly 
design. More specifically, health-related variables in dementia-friendly design used in an
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assessment tool are not accessible through medium such as an online platform, database, 
or software. Thus, it is a problem for the existing assessment tools to incorporate new 
research effectively. 

Another problem is the difficulty of comparing the results of the tools because they 
use different variables to assess the built environment. A methodology is presented in 
the next section to address the problems discussed above, which also answers the second 
question in Sect. 3. 

6 Proposing a Methodology for the Development of a Systematic 
Assessment Tool for Evaluating the AVs of Dementia-Friendly 
Design 

A methodology is proposed to develop a systematic assessment tool that addresses the 
shortcomings of the existing ones. This methodology consists of three steps, as shown in 
Fig. 1. The steps are (1) comprehensive classification of AVs and HCOs as the first step, 
(2) creation of organised databases of data collection methods as the second step, and (3) 
defining and extracting analytical relations whilst emphasising quantitative relations. 
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Fig. 1. The steps for the development of a systematic assessment tool for evaluating the AVs 
of dementia-friendly design, (PwD = People with Dementia, NH = Nursing Homes, AVs = 
Architectural Variables, HCOs = Health and Care Outcomes) 

In the first step, which is the initial basis of the assessment tool development, the 
AVs, and HCOs, as well as their interactions and correlation with each other, will be 
recognised and organised in a database. The more AVs and HCOs are categorised and 
analysed in this step, the more comprehensive and reliable the assessment tool will be. 
AVs and HCOs will be recognised and gathered mainly through the existing literature 
reviews and the previous studies that provide a scientific development base for this 
assessment tool. Then, interactions between the recognised AVs and HCOs need to be
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identified, especially focusing on interplays originating from unequal and inconsistent 
effects that an AV could have on different HCOs. In other words, previous studies have 
considered the relationship between an AV and HCO mainly as a bilateral relation and 
have used the matrix method for tool development. Through the matrix method, an AV 
change could change another AV’s effectiveness on HCOs. For this purpose, when the 
effects of an AV on HCOs are investigated, its effect on other AVs, and consequently on 
HCOs indirectly, should be taken into account. 

Due to the behavior of the interactions between the AVs and HCOs, the “system 
dynamics” method can be considered an alternative to methods previously used. The sys-
tem dynamics method’s effectiveness in simulating complex systems such as healthcare 
systems has been proved in cases including subtle mutual effects, internal and external 
effects, and nonlinear behaviors of variable interaction. (Fone et al. 2003; Homer and 
Hirsch 2006; Forrester 2007) The system dynamics method was developed as an app-
roach to address the challenges of analysing systems that result from the complexities 
in their behavior (Mustafee et al. 2010). The main advantages of the system dynam-
ics method include its ability to identify system variables accurately, recognise linear 
and nonlinear interlinkages, examine the long-term effects of decisions on the system, 
and raise awareness of the nature of problems (Allahi et al. 2018). These advantages 
make the system dynamics method a potential solution for the first step of the proposed 
methodology development. 

In the second step, a structured database should be developed, in which a wide range 
of data collection methods and the available data gathered from previous studies are 
categorised. Users should be able to choose an appropriate and reliable data collection 
method to gather data for their cases when existing data sets from previous studies in 
the database do not meet their needs. Both data collection methods and data sets must 
be as extensive as possible to cover various types of cases that users may encounter. 
To mention but a few, there are considerable numbers of data collection methods, from 
questionnaires, cohort studies, and shadowing to using digital tools, which need to be 
organised in a database (Luz et al. 2018; Darlington et al. 2021; Julia Kirch and Marquardt 
2021; Kevdzija and Marquardt 2021). 

In the third step, the assessment tool should provide a group of analytical methods, 
mainly quantitative and mathematical relations, through which the suitable method of 
analysis can be selected, considering the characteristics of the data set formed in the 
second step. Hence, using the data set chosen from step two and the appropriate data 
analysis method from step three, the effects of AVs in a specific design case could 
be analysed quantifiably. Then decisions will be made on a solid base and systematic 
approach. This approach, also in line with previous steps, could address the lack of 
consensus among users around an assessment tool, and as a result boost its use in practice. 
Also, when an assessment tool is used, it would be more able to be kept up to date and 
consequently enhance its validity, since the most recent achievements in the field of 
dementia-friendly design would be reflected and included in that. 

The steps explained above lead to the formation of the assessment tool. After that, 
orienting the tool toward a platform should be considered. This would make it easier 
to connect the databases to users and enable them to participate effectively in updating 
it through the capabilities included in the platform. To accomplish this, an appropriate
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infrastructure should be identified as the medium for defining the assessment tool – 
for example, software. Then the platform’s access points are configured to clarify the 
accessibility of the information of the platform to users as well as the extent to which 
they could make changes in the platform. 

7 Conclusion 

Following analysis and recognition of improvement potential in the context of dementia-
friendly design, developing a systematic assessment tool is considered a reliable solution 
to the associated challenges. To this end, the steps required to develop the targeted assess-
ment tool were structured, which will serve as the foundation for ongoing research based 
on the findings of this study. First, a comprehensive and systematic classification of AVs 
and HCOs and the analysis of interactions between them needs to be done to cover 
as many of them as possible. This will likely lead to an acceptable level of consensus 
between user groups to avoid misinterpretation. Then, as the second step, data neces-
sary to analyse the interactions of AVs and HCOs should be gathered, which requires 
organised databases to increase their usability. Finally, analytical relations focusing on 
quantitative types should be developed to provide reliable and meaningful assessments 
that could result in effective design decision-making with as much consensus as possible. 

In terms of anticipated impacts, this assessment tool’s main effect is expected to be 
future research on dementia-friendly design conducted more systematically and based 
on standard processes. Also, other effects of this assessment tool could concern two 
groups, policymakers and architects. Policymakers will be enabled to optimally set 
specific standards and rules, or issue permits to design, build or modernise nursing homes 
for people with dementia. Architects could rely on this assessment tool to implement 
dementia-friendly design criteria. 
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Abstract. Independent Living has influenced strategies for ageing in place, 
impacting public policies regarding housing and care services. However, this app-
roach remains challenging as products and services for older people are stigma-
tising, reducing adoption levels. This study aims to understand how people would 
integrate care for their future selves in a home environment via two coproduction 
sessions (online and in-person). A multi-generational group of participants with 
lived experience as informal caregivers provided insights about built environment 
aspects, home and neighbourhood, meaningful relationships and advanced activ-
ities of daily living for later life. Data was analysed qualitatively. The outcomes 
show how coproduction can be used to develop home and care concepts for aging 
in place, including insights about preferred home configurations and how phys-
ical and digital interactions with products available in the market can improve 
quality of life as people age. This research can be used as a reference for design-
ing inclusive new-builds, home adaptations and assisted-living technologies and 
interfaces. By using this approach, independent living strategies could evolve to 
support positive interdependence networks of people to use digital and physical 
spaces involving and enhancing self-care and informal and formal care services. 

1 Introduction 

1.1 Rethinking Independent Living 

The population age shift is a global concern. In 2021, the World Health Organization 
(WHO 2020b) declared the start of the Decade of Healthy Ageing, a collaboration to 
improve older people’s lives, families, and communities. Most of the areas of this ini-
tiative are directly related to functional ability (Age-friendly environments, integrated 
care, and long-term care), which refers to the relationship between intrinsic capac-
ity (mental and physical) and environmental factors (home, community and society) 
(Moreno-Agostino et al. 2021); such environmental factors are perceived by users as 
barriers or facilitators and have high relevance for people to maintain functional abil-
ity, determining the level of age-friendliness of the Built Environment (BE). Functional 
ability is associated with Independent Living (IL), which refers to the degree to which 
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adults can care for themselves and their property; it can also be understood as a sense 
of autonomy (Enkvis et al. 2012; WHO  2020a; Lu et al.  2021). Ball and Nanda (2013) 
mention the importance of IL and its correlation to health and general wellbeing. Peek 
et al. (2014) found that increased independence reduces the burden on family caregivers, 
specifically when implementing assistive technologies. 

The IL assessment evaluates memory, orientation, money management, home and 
transportation, health and safety and social adjustment (Anderten-Loeb 2003). It focuses 
on basic, instrumental and advanced Activities of Daily Living. This last refers to pro-
ductive activity and leisure-time tasks (WHO 2022) and was introduced less than a 
decade ago by De Vriendt et al. (2013) to evaluate patients with mild cognitive disor-
ders. Researchers highlight the complexity of assessing the validity and reliability of a 
scale on advanced activities because the approach is highly individual (Dias et al. 2019). 

1.2 Designing for Independent Living 

Human-Centred Design has become a more common practice in technology development 
for assisted living and age-friendly environments. Crews (2022) notes that designing 
built environments to accommodate and improve human-environment interactions for 
frail seniors will enhance usability and accessibility for most user groups. On the other 
hand, assistive technologies have been researched thoroughly in reactive health scenarios 
(Haux et al. 2014; Hu et al.  2020). Studies focused on non-specialised technologies for 
assisted living have concluded that further investigation is required; i.e., Lopez et al. 
(2019) concluded after a heuristic evaluation of smart home technologies that off-the-
shelf devices needed further development to support older adults living independently. 

Coproduction can be used in product development to ensure alignment with users’ 
needs, including BE and integrated care (Caron 2019). Literature suggests some intersec-
tions between coproduction, co-creation, co-design and participatory design. According 
to Alzheimer’s Society (2022), co-creation is about designing with people instead of 
for them, with the ultimate goal of producing an outcome of higher quality, ensuring 
that the result is appropriate for individuals and impacts them positively. Wilton (2021) 
emphasises the change of the discursive approach from ‘What is the matter with you?’ to 
‘What matters to you?’, creating a bond of empathy when ‘seeing those who use services 
as equals and experts in their own experience’. Pirinen (2016) compared this approach 
with traditional developments for case studies of senior villages in Finland and high-
lighted the benefits of including residents in the design logic. Brookfield et al. (2020) 
used this method to design age-friendly homes and neighbourhoods in the UK. Rogers 
et al. (2021) used it to study the application of human-robot interactions. The benefits 
were twofold: developers practised an improved design process, and users showed an 
increased level of acceptance for the technology. 

There are opportunities to incorporate people’s lived experiences regarding care into 
IL solutions that include IoT and BE; however, this is yet to be studied from the point of 
view of end users who decide to plan for later life. This research answers the following 
question: How do informal caregivers use their lived experience to adopt age-in-place 
strategies?
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2 Methods 

A housing concept (formed by a modular house design and a series of off-the-shelf 
technologies, objects and systems) is proposed, guided by the Double Diamond Method 
(Design Council 2007). The method consists of four stages for product/service creation 
(from ideation to delivery): Discover, define, develop and deliver. The scope of this 
paper is to describe the ‘Develop’ phase of the housing concept. Peace (2022) suggests 
three scales for approaching this type of research; a micro-scale referring to locality; and 
meso and macro scales related to national and global aspects. For this research, the focus 
of environmental factors has been defined by a micro-scale, which includes dwelling, 
community and neighbourhood. 

The workshops were delivered online and in-person between Jun and Sep 2022, 
advertised as ‘Co-Production Workshop: Designing for my future self’. Recruitment took 
place via the Intergenerational National Network Scotland and MyCareMatters Network 
to reach a wide and diverse audience. The sample consisted of a multi-generational 
group of participants with lived experience as informal caregivers who provided insights 
about built environment aspects, home and neighbourhood, meaningful relationships, 
and activities to be sustained long term. All participants signed an Informed consent 
and filled out a participant information form (demographics and age-in-place strategy). 
Workshops lasted ~120 min, audio and video were recorded, and the conversations 
transcribed. Data were later processed using thematic analysis (Braun and Clarke 2022), 
and participants’ answers were anonymised. This research gained ethical approval from 
the SCEDT Research Ethics Sub-Committee at Teesside University. 

The workshops comprised two main sections: 1. Ice-Breaker: Participants discussed 
micro-scale preferences and priorities for their future home, selected a point in a timeline 
where they positioned themselves in the future, and described the location, house type 
and neighbourhood they preferred. 2. Coproduction session: A series of pre-defined 2D 
modules (Building Blocks) was introduced to the participants, so they could use them to 
create a house layout for their future selves. They chose between 2 approaches: 1) Drag 
and drop the Building Blocks into a blank canvas, or 2) Use a home template (4 templates 
with different arrangements were developed in advance). After the group agreed on a 
layout, they were introduced to a catalogue with a series of off-the-shelf products (IoT 
and design elements related to indoor air quality, daylight, thermal comfort, accessibil-
ity, and adaptability). The series of products were presented as a wish list to implement 
in the house designed previously. The wish list had the following prompts: ‘must have’, 
‘nice to have’ or ‘not important’ to inform the discussion. Then, the positive interdepen-
dence framework (Fig. 1) was discussed, and each participant brainstormed about their 
preferences for their future, including advanced activities of daily living (meaningful 
activities), Home, Community and Support Networks, as well as the preferred interac-
tions (Digital or Physical). In this section, participants were asked how their experience 
with care provision impacted their strategies for ageing in place in later life.

3 Results 

This research aimed to understand how people plan for the future and integrate their 
experiences into a housing solution. Twelve people participated (aged 32–82; 5 women,
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Fig. 1. Positive interdependence framework. Based on Carnemolla (2018)

7 men) in online (7 participants) and in-person (5 participants) workshops. All of them 
were living in rural locations in Scotland, had a strategy to age in place by home adap-
tation or newbuild (custom-build) and had lived experience as informal care providers. 
The results of this work are presented in three sections, describing the micro-scale pref-
erences, technologies and interactions, and how the care experience is transferred into 
participants’ strategies. 

Fig. 2. Layout intervention outcomes from online session using a digital collaboration platform 
(Miro.com) (Left); In-Person Session (Middle); Interventions with Post-it notes over the Positive 
Interdependence Framework prints (In-person Session) (Right). 

3.1 Micro-scale Preferences for Place Attachment 

There was a general awareness of the challenges of living in a rural area and how this 
could affect participants’ lifestyles in the long term. Themes have been divided into 
micro-scale components: community, neighbourhood, and dwelling. 

Community and Neighbourhood: Participants living in accessible small towns men-
tioned that, if required, they could use the bus to get groceries and continue activities in 
their communities: “I kinda like the isolation, but I also like to have that choice to be able 
to go home, come back, and there’s still having another community contact… human 
contact […] sometimes living in a block of flats in the centre of a big city can be just as 
lonely, cause you don’t know your neighbours, you don’t speak to your neighbours and 
you don’t see them.” P6, 57, Female.
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Dwelling: Place attachment was discussed, as well as home adaptations. Participants 
living in buildings with stairs showed more concern about their strategies. The installa-
tion of a stairlift was prompted in the conversation; however, participants did not show 
interest: “I live in an upstairs flat, so that also has stairs…It would be… it’s good exercise 
for me, but it might become challenging.” P1, 82, Female. Others explained how they 
moved a bungalow to facilitate moving around. When discussing the type of dwelling 
they preferred for later life, all the participants mentioned they would prefer to live in a 
detached building to avoid noise from neighbours and increase the sense of privacy. The 
Building Blocks showed how to produce a home layout, and 4 layouts were provided. 
Participants in both workshops preferred using pre-defined layouts. In both workshops, 
2 double bedrooms were added, indicating the need to allocate space for visitors (Fig. 2 
Shows the addition of 2 bedrooms into one of the layouts, as well as the relocation of the 
mobility storage). Another area that kept participants engaged in the discussion was the 
bathroom/wet room. One group decided to keep the bath, and the other one to change it 
to a wet room layout. 

3.2 Technologies and Interactions 

The dataset describing technologies and interactions was coded, and the results have 
been divided into technology reliance and reluctance themes to map the polarised ideas 
discussed during the workshops. 

Technology Reliance: Some participants discussed its potential uses for their future 
self, presenting possible scenarios and the interactions expected in case of an event: 
“Having a watch [points at smartwatch on wrist], it’s something I’m already used to 
wearing. So I think I could continue using it and in case of emergency, fall down the 
stairs or something like that, I could reach to an emergency or to contact someone 
for help.” P3, 32, Male. Having experience with telecare for physical and mental health 
prompted others’ perspectives regarding the use of digital medical records: “I have some 
health records on my phone, some of my medical history… If something was to happen 
to me, they could get into my phone, and they would see that stuff .” P2, 47, Female; and 
virtual reality: “I have a ‘remote care’ network already, and that’s why I make time for 
online activities because if someone is not there, the question comes thrown up. In the 
groups that I take part in, quite a number of people are disabled, so we always have that 
in mind and say: ‘Is anyone okay?’, we just want to make sure… If someone doesn’t 
reply or just appears to not being there, there’s like ‘Aha. Somebody make sure just to 
double check with that person’.” P8, 33, Male. 

Technology Reluctance: Some concerns included security and privacy: “[…]think 
about how secure are these systems? What can I say… I’m thinking of ‘Big Brother-ish’” 
P1, 82, Female; and concerns about technology advances affecting cognitive health: “My 
fear is that it will make people less visible, less active and that our brains have to think 
less.” P10, 63, Male. Other technology reluctance aspects were related to price or per-
ceived value: “It’s one of those things that if you have the extra budget for it, it’s worth 
it.” P9, 32, Female. Another participant shared his preference for digital applications to
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enhance smartphone capabilities instead of needing additional sensors, i.e. wearables: 
“I would rather have the apps in my phone because they tend to be free and cheap-ish” 
P8, 33, Male. 

3.3 Transferring Informal Care Experiences 

Some of the care experiences participants had had in their lifetimes showed an impact 
on their actions and on how they would potentially use technology: “I keep tracking my 
steps, and unless I’m short on steps before I take my shower in the evening, I can run 
in one spot to add steps. You don’t need to go out, and you don’t need lots of space to 
do physical activity. Even do stretches, as my mum did since she was much younger, 
and she is still active and independent. I think that’s the mentality I want to have” 
P10, 63, Male. Another participant describes her experience of how care provision has 
been supported by family members and the concerns about family medical records: ‘My 
mother had dementia for her last 10 years after an operation….[as did] my grandmother 
[…] I just had a hip replacement 2 months ago […]. The odds are I may well end up 
with dementia…which I don’t want to but wouldn’t be surprising if I did’. P11, Female, 
68 When explaining her family’s experience with informal care and mentioning she did 
not have children, she expressed concerns about later life care: ‘The health and social 
care system depends on family members, not just for doing things but for advocating… 
then it’s quite scary to think you don’t have access to that yourself.’ P8, Male, 33, also 
mentioned that his choice of not having children, plus not wanting to be a burden to 
his sister in later life, meant that his meaningful connections in later life would not be 
family members but that he expected the health system to offer care when required. 

4 Discussion 

This paper aimed to explore the conceptualisation of a residential BE for ageing-in-place 
using coproduction. Thematic analysis revealed three relevant areas: 1) Micro-scale 
preferences: Findings align with previous research about the challenges for social rela-
tions, connectivity and place attachment (Barken 2021; Seamon 2021) in rural settings 
(Porteus 2018; Skinner 2021). Results regarding dwelling layout show some similarities 
to the features suggested by Pickles (1998) (i.e. wide doors and wheelchair-accessible 
circulation spaces); however other features (i.e. having 3–4 bedrooms) differ from lit-
erature where typical layouts include 1–2 bedrooms to facilitate property management 
and reduce energy costs, assuming that downsizing (Park et al. 2016) is bound with 
ageing-in-place. These differences could be associated with perceived property value 
(Zahirovich-Herbert and Gibler 2014). The authors suggest further research with partic-
ipants with a new-build strategy for ageing-in-place. 2) Technologies and interactions, 
which highlight the need to use technologies to enhance human-human connections 
(Briede-Westermeyer et al. 2020) and deliver services that promote these interactions 
instead of attempting to substitute for them (Sikali 2020), as well as the ability to select 
and implement according to their personal preferences (De Vriendt et al. 2013; Cornelis 
et al. 2019;Dias et al.  2019). 3) Transferring informal care experiences into strategies
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to age in place, which showed how caring for loved ones can inform housing choices 
in later life (i.e. choosing to move to a single-storey property) and lifestyle influenced 
(i.e. keeping track of physical activity). Another discovery was that participants did not 
describe their informal care experiences as a burden; however, when foreseeing scenar-
ios for their future, they did; this could be attributed to their particular experiences of 
care provision, as suggested by (Collins and Kishita 2020; Rodríguez-González et al. 
2021); so collecting and analysing data regarding the type and length of care and con-
ditions in further research should be considered and included when using the Positive 
Interdependence Framework. 

This paper can be used as a reference for further studies incorporating coproduction 
to involve end-users in the development phase of the Double Diamond Method (Clune 
and Lockrey 2014; Cahya et al. 2018; Fleury and Richir 2021; Miolo de Oliveira et al. 
2023). 

5 Conclusions 

The present study provides an initial framework to integrate informal care provision to 
shape a concept for housing. The outcomes show how coproduction can be used to con-
ceptualise and develop housing alternatives for ageing in place, including insights about 
preferred home configurations and how physical and digital interactions with products 
available in the market could improve quality of life as people age. This paper can be 
used as a reference for designing a more inclusive BE, home adaptations, smart home 
technologies and assisted-living technologies. The Positive Interdependence Framework 
can help conceptualise the BE and/or its interventions (i.e. home adaptations, assisted 
living technologies) and support people in maintaining functional ability, specifically by 
mapping advanced activities of daily living. By using this approach, independent living 
strategies could evolve to support positive interdependence networks of people using 
digital and physical spaces involving and enhancing self-care and informal and formal 
care services. 
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Abstract. Public spaces provide people with a platform for political, social, and 
cultural activities, greatly enhancing the quality of life for all. But not everyone 
benefits equally from these spaces. Across the world, women are seen to use 
public spaces differently from men for various reasons. This study is an attempt 
to understand the ongoing application of tools and methods that are used to study 
how women perceive and use spaces differently from men. It is a narrative-based 
review of the published papers on women-centric studies in urban public spaces 
to highlight the tools and methods being used. A total of 28 papers were reviewed, 
which included studies of countries from both Global North and Global South. 
The results show that the most common choice of method is direct observations, 
followed by surveys, in-depth interviews, mapping, and photography. The paper 
demonstrates that the most effective way to collect women-centric data is to apply 
mixed methods. It also reveals some interesting and unconventional methods, like 
crowdmapping and social media, that are being used to collect large-scale data 
without going into the field. The paper concludes with the need for an intersectional 
approach in selecting the tools and methods to identify how women’s sociocultural 
identities create varying degrees of exclusion from public spaces, and how these 
can be measured. 

1 Introduction 

Public spaces are an essential part of our urban infrastructure. They provide social and 
health-related functions, and they play a key role in improving the quality of life and 
well-being of city dwellers (Polko and Kimic 2022). However, public spaces have never 
been completely inclusive for all (Mehta 2014). Globally, women represent 49.58% of 
the world population (StatisticsTimes.com 2021). They not only use and perceive cities 
in a different way from men, but at the same time, they also use public places in diverse 
ways. (UN Women n.d.). In most cases, their travel pattern is impacted by their greater 
dependency on public transportation. Most women visit a public space with a sense of 
purpose rather than the intention of simply loitering around for recreation (Ollivier et al. 
2022). Preference for any public space is influenced by the availability of amenities like 
safe and clean public toilets for women, with childcare facilities, adequate illumination 
after dark, last-mile connectivity, presence/absence of people in that space, etc. Gen-
der differences exist in how people use urban open spaces, and the suggested reasons 
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are mostly related to preferences, cultural norms, and individual choices. Additionally, 
women are more often observed to be in small family groups, their activities reflect-
ing traditional gender and family roles (Huang and Napawan 2021). In most cultures, 
women are more likely to be victims of violence; as a result, even if women have access 
to a particular public space, they may not feel safe using it (Valentine 1990). It is worth 
mentioning that throughout the paper, gender is seen as nonbinary and derived from an 
individual’s personal identity based on a spectrum of biological, mental and emotional 
traits. This paper only examines cases of inclusion for people in public spaces who 
identify themselves as women. 

The term ‘gender inclusive’ denotes an approach that has an inclusive view of all 
genders, and their intersectionality like race, ethnicity, income, class, age, and ability, 
to make sure everyone’s opinion is considered, and the projects are designed, delivered 
and evaluated to promote gender equity (Terraza et al. 2020). The inclusion of women in 
public space studies is a complex domain owing to its qualitative and subjective character. 
A woman’s experience in a public space differs depending on the public space and it 
may vary from one woman to another. Women’s experience of public space is related to 
its design. Gender-inclusive design strategies require a comprehensive understanding of 
gendered differences in the experience of space in specific contexts (Huang and Napawan 
2021). 

There are tangible and intangible elements that have an impact on the use of public 
space. While assessing the inclusion of women in public spaces, it is easier to observe 
the tangible elements but very often the intangible ones get overlooked. So the selection 
of the right tool and methodology is important to analyse a public space with a holistic 
approach. 

The Sustainable Development Goal 11.7 aims to give universal access to safe, inclu-
sive, and accessible green and other public places, especially for women, children, the 
elderly and persons with disabilities (The Global Goals 2022). This further highlights the 
importance creating inclusive public spaces for everyone. Gender disaggregated data in 
any field are useful to identify gaps, issues and challenges and make it easier to address 
them with suitable solutions. Similarly, we need innovative tools and methods to collect 
quantitative and qualitative data from the field to understand and analyse the preferences 
and perceptions of women about those spaces and suggest ways to make them inclusive 
to women. This study is a desk-based narrative review of research papers particularly 
looking for a focused method to study women and their everyday experiences in public 
spaces. Its primary aim was to identify existing tools and methods to map the perceptions 
of women in public spaces. The paper brings together in one place different tools being 
used in this domain, for easy reference, and discusses their role in various contexts for 
similar future studies. 

2 Material and Methods 

The review was done using the online tool Google Scholar and covered 28 published 
papers. The literature was assessed based on specific keywords (gender, public spaces, 
women, inclusion, urban park, built environment, and social inclusion) in published 
works related to studies regarding women and their presence in urban spaces. The search
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was further streamlined by considering titles and abstracts for the term “Gender”, and 
“public space”. These directly dealt with women’s safety and mobility were filtered out 
to those relevant to the chosen subject of women and their everyday use of public spaces. 
Only those papers were included in the review that utilised unique tools and had a strong 
method-based approach to evaluate the use and perception of public spaces by women. 
The papers reviewed were selected to cover the maximum from various countries from 
Global North and Global South. Only the studies conducted in the past two decades 
were selected from the existing literature to get the most up to date tools and methods. 
Those that reused tools and methodologies were excluded. It is to be noted this search 
method is limited and it may have underrepresented studies in similar fields. The review 
concentrates primarily on the methods of data collection. The data analysis part of the 
studies is beyond its scope. 

3 Results 

3.1 Overview of Reviewed Papers on Inclusion of Women in Public Spaces 

The 28 papers examined in this review mostly come from the United States of Amer-
ica, the United Kingdom, Poland, Turkey, Iran, Iraq, Saudi Arabia, Pakistan, India, 
Bangladesh, China, Indonesia, Malaysia, New Zealand, and Australia. It should be noted 
that most studies have come from various countries in the Global South. The maximum 
number of papers came from India followed by Iran. The review shows that there is a 
significantly higher concentration of method-based studies on women and public spaces 
after the 2010s (Refer to Fig. 1). 

Fig. 1. Number of papers in the past two decades (2002–2022) 

3.2 Tools and Methods Used in Reviewed Papers 

The papers were reviewed according to their use of tools and methods that probe into 
the everyday lived experiences of women in public spaces. Most studies used a mixed-
methods approach to study gender in public spaces. However, a few studies also came
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to light that had used new ways of data collection. The tools and methods extracted 
from the reviewed literature were classified on the basis of their use, the procedure 
of implementation and the medium under the following categories (Refer to Fig. 2): 
Observational Tools, Participatory Tools, Technology-Based Tools and Online-Based 
Tools. 

1. Observational Tools. Mapping, counting, tracing, sketches and field notes were used 
to conduct studies of the papers reviewed. Mapping was used to record the activities of 
women– whether standing or sitting, either present in a group or alone, etc. (Gupta 
and Wadwekar 2018; Natu  2018; Mahadevia and Lathia 2019; Jabeen 2020; Zhang 
et al. 2022). Counting was extensively used to get the number of users in a particular 
space, their gender, counting items such as sitting spaces, streetlights, number of CCTV 
cameras, etc. Counting was also used to generate quantitative data. Tracing was used to 
understand the walking patterns of men and women on sidewalks in a study from Riyadh 
(Almahmood et al. 2017b). Tracing gave good details about women’s circulation when 
used for neighbourhood-scaled studies. All of the above methods were used as a part of 
safety audits conducted in a case from New Delhi (Viswanath and Mehrotra 2007). 

Photographs, videos and time-lapse recordings provided excellent information on 
women’s behaviour in public spaces. Photography was the most popular method in 
most studies (Bagheri 2014a; Peimani and Kamalipour 2016; Almahmood et al. 2017b; 
Anwar et al. 2018; Gupta and Wadwekar 2018; Jabeen 2020; Lin et al. 2020; Roy and 
Bailey 2021). It was combined with other tools that gave very rich and deep insights 
regarding women’s experiences and needs in public spaces. In gender inclusion studies, 
the photographs help to capture the emotions and behaviour of women that otherwise 
don’t get recorded on paper. In the case of a study in Tehran, women showed specific 
facial expressions and other body languages when they talked about their feelings in 
public spaces (Bagheri 2014b). Such expressions could not be translated into words. In 
a study from Mumbai and Singapore, time-lapse video footage was shot across three 
locations in each city to study the loitering patterns of men and women in parks, roads and 
other public spaces. In another study from Mumbai, video recording was used to study 
the use and preference of leisure spaces by men and women (Mahimkar and Gokhale 
2015).

2. Participatory Tools. Surveys, in-depth interviews, focus group discussions, partic-
ipants’ workshops, on-site interviews, and photo simulations were a few participatory 
tools that were used in the reviewed papers. Researchers used surveys extensively to 
gather information from a larger number of participants. One such study to look into 
gender disparities in parks was carried out in Poland by using a survey method. (Polko and 
Kimic 2022). The survey was able to take inputs regarding the spatial features and phys-
ical attributes of parks but the personal experiences remained undiscussed. However, 
the most interesting and relevant information regarding women’s perception of using 
public spaces came from in-depth interviews (Johnson and Miles 2014; Tuncer 2015; 
Anwar et al. 2018; Natu  2018) and focus group discussions (Viswanath and Mehrotra 
2007; Jabeen 2020; Roy and Bailey 2021; Zhang et al. 2022). During these interac-
tions, women were observed to be candid about their experiences and wishes in public
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Fig. 2. Classification of reviewed tools and methods

spaces. They also explained why they chose to stay longer at a given location and their 
reason for choosing a different route from others. During such discussions, they even 
expressed their expectations of how public spaces could cater to their needs in a better 
way. In a case from Bhopal (Gupta and Wadwekar 2018) where there was a shortage 
of time to conduct in-depth interviews, on-site interviews were seen to be helpful. One 
study from London (Navarrete-Hernandez et al. 2021) used on-site photo-simulations 
to record participants’ perception of safety as per gender by showing them the existing 
and proposed designs for certain parts of public space. In a study conducted in Riyadh, 
a participants’ workshop was conducted after a GPS tracking exercise to understand the 
influence of sociocultural factors in the movement patterns of men and women using a 
street (Almahmood et al. 2017a). 

3. Technology-Based Tools. Global Positioning System (GPS) tracking, Geographic 
Information System (GIS) visualisation and Space Syntax are relatively newer tools 
used for gendered data collection that have been in increasing use since the 2010s. They 
are useful to map the user movement patterns across built environments over a large scale 
and help to analyse why certain movement corridors are preferred over others. In one of 
the studies, GPS tracking was used to analyse the difference in walking patterns between 
men and women in a street in Riyadh (Almahmood et al. 2017a). In a study conducted in 
Tehran, Qualitative GIS (QGIS) visualisation was employed, linking images, sketches, 
and other narratives to the GIS data. As per the researcher, QGIS helped to manage 
large data sets, and understand the spatial use of social systems but they also mentioned 
that data exclusion occurred while trying to translate the narratives of women into the 
software (Bagheri 2014b). Space Syntax was used to conduct visibility analysis, map the 
connectivity of street layout and trace the pedestrian movement in a study from Turkey 
(Güney 2014). The study revealed the great divide between the use of streets by men 
and women at a city scale. It was also used in a case from Indonesia and Malaysia to



88 A. Isha and G. Raheja

study perception of safety by men and women by mapping the walking patterns around 
the street network for the city centres (Hidayati et al. 2020). However, smaller elements 
like illumination and visibility, which are important in making spaces safer for women, 
could not be accounted for in space syntax. 

4. Online-Based Tools. Online surveys, crowdmapping and newly emerged social 
media posts/comments were a few online-based tools that were identified from the 
reviewed papers. These tools are useful in gathering information in large quantaties 
without having to in the field. A study in Northern England conducted online surveys 
containing a mix of closed and open-ended questions to get quantitative and qualita-
tive data from participants (Roberts et al. 2022). The study was conducted to analyse 
the perceptions of safety and experiences of interpersonal violence by men and women 
during their time as students, both on and off the university campus. In another case, 
crowdmapping was used to collect data on experiences in public spaces from different 
parts of the world from female participants in the five cities of Delhi, Kampala, Lima, 
Madrid and Sydney (Tanner et al. 2020). Crowdmapping was helpful in situations when 
women were hesitant to share information with the researchers directly. This tool enabled 
them to stay anonymous and give their feedback and share experiences on this platform. 
In the study, crowdmapping allowed the female participants to submit feedback for spe-
cific geographic coordinates which led to high data accuracy. Real-time, spatial data set 
output could also be generated in a visual format for mass viewing. In another study, 
the social media platform of Facebook comments was reviewed to analyse the reactions 
of people over a feminist art piece installed in the city of Sulaimani, Iraq (Alizadeh 
et al. 2021). Data were collected from 10 popular Facebook pages that were chosen 
based on their popularity, number of followers and focus areas. Choosing this method 
gave the researchers information about natural responses from people but it failed to get 
demographic data (gender and location) of commentators. 

4 Discussion 

Any gender-space study would be incomplete without getting personal insights from 
women who have been using that particular space. It was found that every tool reviewed 
is also commonly used to assess human behaviour in general. However, the studies from 
the cases reviewed were conducted with a strong gender lens that greatly influenced the 
results to create women-centric data and present gaps in the existing built spaces that can 
be exclusionary to women. The review also draws the importance of mixing emerging 
technologies with participatory methods to gather a comprehensive understanding of 
women’s needs, behaviour and perceptions of public spaces. Although online tools for 
data collection have been a revolutionary way of getting authentic information and 
responses from women, they fail to represent all sections of the target user groups due 
to lack of access to technology and the internet. The review saw the relevant role of the 
researcher in conducting gender studies. Women participants were hesitant to interact 
with a male researcher as seen in a case in Riyadh (Almahmood et al. 2017b). The 
major outcome of this paper is the compilation and classification of available tools and 
methodologies being used in similar studies across the world. This will benefit future
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studies on women and public spaces where researchers can refer to the list of tools 
mentioned. This study comes with certain limitations. The tools mentioned in the paper 
come from a few selected reviewed works. With the rising awareness of the need for 
inclusive cities, many other toolkits are also being used by urban practitioners that can 
be explored for conducting similar studies in the future. 

5 Conclusion 

The study is relevant for anyone, like architects, planners, urbanists, sociologists, urban 
local bodies, NGOs etc., who plans to examine public spaces with a gendered lens for 
women. Although each study has been done for a specific context, it has been realised 
that most tools and methods can be adapted to suit the requirements for future studies 
to break down the complex relationship between women and the built environment. It 
has been seen all four categories of tools; namely, Observational Tools, Participatory 
Tools, Technology-Based Tools and Online-Based Tools are effective to study cases 
with women and public spaces and they all come with their strengths and limitations. 
The review reveals the most commonly used tools are direct observations, surveys, in-
depth interviews, mapping and photography. It shows that the most relevant information 
regarding the perception of women about public spaces comes from participatory tools 
like- in-depth interviews, focus group discussions, participant workshops and on-site 
interviews. Technology-based and online data collection does not have a large-scale 
application in places with inadequate technological and online support. A large part of 
the urban population in Global South countries still doesn’t have access to digital and 
online facilities to conduct online studies. Social media posts can also be analysed and 
used to complement other tools used in public space and public life studies. This analysis 
can be combined with interviews and focus group discussions hosted on online meeting 
channels and online surveys, to validate existing observational data and survey results in 
cases where it is not possible to collect information from the field. The tools evaluated 
can be chosen based on the following factors: (1) the scale of implementation (city or 
neighbourhood scale); (2) the amount of time available for the study; and (3) the type 
of data needed—qualitative or quantitative. It is recommended to have an intersectional 
approach while selecting the tools and methods to identify how people’s social identities 
overlap with the built environment and create varying degrees of exclusion from public 
spaces. The paper concludes with the importance of mixing the available four categories 
of tools in order to get the most holistic understanding of the existing issues faced by 
women in public spaces. The findings from the studies can be taken up with the local 
authorities to make suitable changes in the public spaces as suggested by the researchers. 
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Güney, Y.İ.: Gender and urban space: an examination of a small Anatolian city. A|Z ITU J. Faculty 
Architect. 11(2), 153–172 (2014) 

Hidayati, I., Tan, W., Yamu, C.: How gender differences and perceptions of safety shape urban 
mobility in Southeast Asia. Transport. Res. Traffic Psychol. Behav. 73, 155–173 (2020) 

Huang, Y., Napawan, N.C.: “Separate but equal?” Understanding gender differences in urban park 
usage and its implications for gender-inclusive design. Landsc. J. 40(1), 1–16 (2021) 

Jabeen, H.: Gender-responsive urban planning and design of public open spaces for social and 
economic equity: challenges and opportunities in Dhaka City, Bangladesh. Glob. J. Hum.-Soc. 
Sci. E Econ. 20(5), 1–14 (2020) 

Johnson, A.M., Miles, R.: Toward more inclusive public spaces: Learning from the everyday 
experiences of Muslim Arab women in New York City. Environ. Plan A 46(8), 1892–1907 
(2014) 

Lin, M., Bao, J., Dong, E.: Dancing in public spaces: an exploratory study on China’s Grooving 
Grannies. Leis. Stud. 39(4), 545–557 (2020) 

Mahadevia, D., Lathia, S.: Women’s safety and public spaces: lessons from the Sabarmati 
riverfront. India. Urban Planning 4(2), 154–168 (2019) 

Mahimkar, S., Gokhale, V.A.: Gender space dynamics of urban outdoor public leisure spaces, In: 
Proceedings of the International Conference on Changing Cities II: Spatial, Design, Lanscape & 
Socio-economic Dimensions. Porto Heli, Greece, 22–26 June, pp. 1649–1658 (2015) 

Mehta, V.: Evaluating public space. J. Urban Des. 19(1), 53–88 (2014) 
Natu, A.: Gendered use of landscapes: a case of community open spaces (2018) 
Navarrete-Hernandez, P., Vetro, A., Concha, P.: Building safer public spaces: exploring gender 

difference in the perception of safety in public space through urban design interventions. 
Landsc. Urban Plan. 214, 104180 (2021) 

Ollivier, G.P., Nikore, M., Lnu, S.N., Vasudevan, V., Shah, S.N., et al.: India-Toolkit for Enabling 
Gender Responsive Urban Mobility and Public Apaces: Volume 1–The’What-To-Do’Note for 
Policymakers. World Bank Group (2022). 

Peimani, N., Kamalipour, H.: Where gender comes to the fore: Mapping gender mix in urban 
public spaces. Spaces Flows Int. J. Urban ExtraUrban Stud. 8(1), 19–30 (2016) 

Polko, P., Kimic, K.: Gender as a factor differentiating the perceptions of safety in urban parks. 
Ain Shams Eng. J. 13(3), 101608 (2022) 

Roberts, N., Donovan, C., Durey, M.: Gendered landscapes of safety: How women construct and 
navigate the urban landscape to avoid sexual violence. Criminol. Crim. Just. 22(2), 287–303 
(2022) 

Roy, S., Bailey, A.: Safe in the City? Negotiating safety, public space and the male gaze in Kolkata. 
India. Cities 117, 103321 (2021)



Examining Inclusion of Women in Public Spaces 91

StatisticsTimes.com: Gender ratio in the World. 26 August 2021. https://statisticstimes.com/dem 
ographics/world-sex-ratio.php. Accessed 16 Jan 2023 

Tanner, S., Kalms, N., Cull, H., Matthewson, G., Aisenberg, A.: Disruption and Design: 
Crowdmapping Young Women’s Experience in Cities (2020) 

Terraza, H., Orlando, M.B., Lakovits, C., Lopes, J.V., Kalashyan, A.: Handbook for gender-
inclusive urban planning and design (2021). World Bank, Washington, DC . https://openknowl 
edge.worldbank.org/handle/10986/33197 License: CC BY 3.0 IGO. Accessed 16 Jan 2023 

The Global Goals: Goal 11: Sustainable cities and communities (2022). www.globalgoals.org/ 
goals/11-sustainable-cities-and-communities/. Accessed 16 Jan 2023 

Tuncer, S.: Going public: women’s narratives of everyday gendered violence in modern Turkey. 
In: Proceedings of Papers of International Conference on Knowledge and Politics in Gender 
and Women’s Studies (2015). https://doi.org/10.13140/RG.2.1.2111.6646 

UN Women: Creating safe and empowering public spaces with women and girls. UN Women 
Headquarters (n.d.). www.unwomen.org/en/what-we-do/ending-violence-against-women/cre 
ating-safe-public-spaces. Accessed 16 Jan 2023 

Valentine, G.: Women’s fear and the design of public space. Built Environ. 1978, 288–303 (1990) 
Viswanath, K., Mehrotra, S.T.: ‘Shall we go out?’ Women’s safety in public spaces in Delhi. Econ. 

Polit. Weekly, 1542–1548 (2007) 
Zhang, Y., Chen, G., He, Y., Jiang, X., Xue, C.: Social interaction in public spaces and well-being 

among elderly women: towards age-friendly urban environments. Int. J. Environ. Res. Public 
Health 19(2), 746 (2022)

https://statisticstimes.com/demographics/world-sex-ratio.php
https://statisticstimes.com/demographics/world-sex-ratio.php
https://openknowledge.worldbank.org/handle/10986/33197
https://openknowledge.worldbank.org/handle/10986/33197
http://www.globalgoals.org/goals/11-sustainable-cities-and-communities/
http://www.globalgoals.org/goals/11-sustainable-cities-and-communities/
https://doi.org/10.13140/RG.2.1.2111.6646
http://www.unwomen.org/en/what-we-do/ending-violence-against-women/creating-safe-public-spaces
http://www.unwomen.org/en/what-we-do/ending-violence-against-women/creating-safe-public-spaces


Geography, Indoor Mobility and Activity Space: 
Informing Inclusive Healthcare Design 

J. Sturge(B) 

Department of Design, Production and Management, Faculty of Engineering Technology, 
University of Twente, Enschede, The Netherlands 

j.l.sturge@utwente.nl 

Abstract. The design of the built environment of a healthcare setting impacts all 
users. As a result, it is becoming common practice to design and create healthcare 
environments that are inclusive of the needs of patients, staff and visitors. Trans-
lating how people interact with the environment into design requires a theoretical, 
methodological level of understanding the dynamics within the built environment. 
There are a number of social science concepts, methods and frameworks that 
demonstrate how individuals interact with environments. The aim of this chapter 
is to establish human geography, with a focus on indoor mobility and the con-
cept of activity space, as a theoretical concept to explore the spatial and temporal 
movements of users of indoor healthcare environments. This new knowledge of 
spatial behavior can provide valuable insights into how indoor healthcare facilities 
work in practice and inform future design solutions based on users’ needs. 

1 Introduction 

There is a growing interest in a research-based approach to healthcare architecture, par-
ticularly concerning sustainability, health and well-being and how the built environment 
shapes these outcomes. However, there remains a research-to-practice gap in informing 
the architectural design process in each area (Tvedebrink and Jelić 2021). Meanwhile, 
there is a movement to create socially sustainable buildings designed to benefit the users 
by understanding what they need from places and how they interact with built environ-
ments (Lami and Mecca 2021; Nenadović and Milošević 2022). Translating the dynam-
ics of human interaction with built environments into design and architecture requires 
a theoretical and methodological understanding. Further, interdisciplinary collabora-
tions from a range of research disciplines, with an interest in humans’ interactions with 
buildings, are being encouraged to inform the design and construction of built environ-
ments that promote equality and inclusion of diverse users (Becerik-Gerber et al. 2022). 
Social scientists can bring a number of theories, methods and frameworks to understand 
how people interact with environments which can be then integrated into design. For 
instance, a design anthropological approach has been used to inform hospital design 
and architectural design processes (Pink et al. 2020). As a health geographer, I present 
the advantage of the discipline of human geography to explore the interaction between 
healthcare users and the environment. In addition, I propose extending the concept of 
activity space to explore mobility within healthcare environments so the design can 
improve usability and well-being. 
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1.1 Geography and Healthcare Design 

The discipline of geography has informed healthcare design for over thirty years. The 
most notable contribution is the early work of geographer Roger Ulrich who found 
patients recovered faster from surgery in hospital rooms with of nature views than 
those without (Ulrich 1984). This research is considered to be a foundation study of 
evidence-based design. Evidence-based design is an interdisciplinary, scientific process 
that translates research to improve health outcomes into the design of the built environ-
ment of healthcare facilities (Hamilton and Watkins 2009; Halawa et al.  2020). Related 
to evidence-based design is Ulrich (1991) stress reduction theory which identified design 
features, such as a controlled acoustic environment, glimpses of nature and daylight, that 
can improve patient health outcomes and reduce stress. This theory has been applied to 
the design of healthcare environments, including a Swedish psychiatric hospital. Studies 
confirmed that design features, such as floor layouts and natural views, reduced stress 
and aggression, and moreover improved patient and staff safety (Ulrich et al. 2018; 
Lundin 2021). 

The geographic concept of therapeutic landscapes has also been applied to healthcare 
design. The therapeutic landscape concept, defined as ‘how the healing process works 
itself out in places’ (Gesler 1992: pp.743), was initially formulated to explore outdoor 
phenomena but later adapted as a framework to examine the relationship between place 
and health in indoor home spaces (Williams 2002). The concept of therapeutic landscapes 
has since been applied to several studies to explore places and indoor environments, 
including how the design of hospitals (e.g., inpatient psychiatric environments) can 
support or constrain health and relations between staff, patients and family (Curtis et al. 
2007; Wood et al. 2015). 

1.2 Indoor Mobility and Healthcare Design 

Design features in healthcare settings can objectively positively impact patient out-
comes (Elf et al. 2020). However, until recently, there was limited understanding of how 
healthcare design and architectural features come together and work in practice (i.e., 
are experienced by users and impact clinical practice) (Simonsen and Duff 2020a, b; 
Simonsen et al. 2022). One way to understand how features work in practice is to use a 
variety of research methods to explore patient, staff and visitor mobility within healthcare 
environments. For instance, Colley et al. (2018) used observation methods to explore 
how patients and staff used corridors in a rehabilitation environment as care and social 
space. This research suggests further research on how connective spaces (i.e., corridors) 
can be designed to contribute more deliberately to the positive experiences of all users. 
In another study in a rehabilitation setting, Annemans et al. (2022) used walking inter-
views and activity trackers to identify design features that hamper or motivate physical 
activity and social interaction. Kevdzija et al. (2022) mapped the wayfinding behaviour 
of persons with stroke in a rehabilitation environment through patient shadowing and 
a patient survey. This study identified patients’ spatial preferences, including corridors 
and patient rooms. In another publication from the same study, the authors focus on 
the travel distances between spaces in rehabilitation clinics and how the distance and 
other barriers impacted patient mobility (Kevdzija and Marquardt 2022). Further, the
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configuration of hospital spaces has recently been investigated by adapting the social 
network analysis method. This study suggests that further research is needed to follow 
indoor mobility to capture routines and movement between different destinations (Sailer 
2021). 

Geographers have studied mobility and the factors that influence health and well-
being over time and place for decades (Kwan and Schwanen 2016). Exploring the geo-
graphical dynamics of the movement of individuals and interaction within healthcare 
environments would complement indoor mobility research. This level of insight can 
be achieved through various data collection methods that capture mobility patterns and 
experiences of patients, staff and visitors. For instance, health geographers have used 
mixed methods (e.g., Global Positioning Systems, walking interviews and travel diaries) 
to identify features of the built environment that can support or hinder the well-being of 
specific groups such as older adults and persons with dementia (Meijering and Weitkamp 
2016; Sturge et al. 2020). Most geographic mobility studies have focused on interactions 
with outdoor environments. However, a focus on movements within indoor environments 
is starting to emerge (Meijering 2019). 

1.3 Activity Space and Healthcare Design 

Activity space measurement of healthcare environments would complement indoor 
mobility studies by providing a spatial and temporal understanding of mobility. Activity 
space is a familiar concept in geography to explore mobility and spatial interactions 
with the environment. The concept was developed by Hägerstraand (1970) to explore 
daily travel behaviors based on space and time. Activity space can be defined as space 
outside the home that includes a subset of routinely and non-routinely visited locations 
and the corresponding travel routes which an individual uses over time (Golledge and 
Stimson 1998; Hirsch et al. 2016). Activity space is a valuable health research concept 
to explore environmental determinants of health and inequalities (Kestens et al. 2018), 
diet and physical activity (Zenk et al. 2011), accessibility of healthcare opportunities 
(Sherman et al. 2005) and social health of people with memory problems and dementia 
(Sturge et al. 2020). According to a recent systematic review, 47 articles have applied 
the concept of activity space to physical activity within to the environment (Smith et al. 
2019). However, none of these studies identified indoor interactions, indicating a lack 
of research into them. 

Conceptualising indoor mobility, including when and how long people are moving 
around specific locations, would provide a unique perspective on users’ experiences 
within healthcare environments. For example, in dementia wards, there are a variety 
of places (i.e., activity nodes) and routes that residents take as a part of their daily 
routine (Fig. 1). The resident’s activity space in such an environment can be measured 
and evaluated using different data collection methods. For instance, data from door 
sensors, step counts, walking interviews, participatory observations, and semi-structured 
interviews would provide an insight into how certain built environment features can 
enhance daily routines and well-being. Examining the time structure, such as the length 
of time spent at activity nodes or independently wandering between nodes, could inform 
the placement of assistive technologies or wayfinding features within the building. A 
focus on the size and structure of individual activity spaces may also optimise staffing by
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determining in advance the spaces that residents use and for which purpose. For instance, 
similar to the findings of Colley et al. (2018), Kevdzija et al. (2022) and Pink et al. (2020), 
it is likely that the corridors of dementia wards will be a common space (activity path) for 
interaction between residents and staff. Identifying how and when the residents choose 
to use the corridors could be beneficial for staff to plan for indirect, interactive care that 
meets residents’ needs. Data can be analysed independently or further triangulated with 
other types of data, such as occupancy data, critical incidents or clinical assessment data. 
Combining data can provide a more in-depth understanding of the spatial configurations 
of the built environment that can impact mobility, patient outcomes and staff satisfaction. 
Further, comparing and layering spatial data using qualitative Geographic Information 
Systems (Cope and Elwood 2009) would provide an enhanced understanding of the day-
to-day interactions of all users plus the routines and usability of the built environment. 
Such an overview of user interaction with the built environment would be valuable to 
inform operational decisions or identify features that need to be enhanced or renovated. 

Fig. 1. An example of activity paths and nodes of a resident’s activity space within a residential 
dementia care unit 

2 Conclusions and Implications for Healthcare Design 

To ensure that built healthcare environments are designed to support the diverse needs of 
patients, staff and visitors, researchers from various disciplines employ mixed methods 
to investigate the interaction between mobility and the built environment. Geographical 
methods, concepts and analyses would complement this research by providing insight
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into people and how they use the environments over time. In particular, adapting the 
concept of activity space to conceptualise indoor mobility would capture the complexity 
of the structure and distinguish the routines of patients, staff and visitors when they 
navigate and interact with the built environment on a daily basis. Exploring indoor time-
space mobility with specific layouts, design features, and technology would enhance 
our ability to design environments that promote equality and inclusion. Additionally, a 
focus on activity space would provide a person-centred, theory-informed, comprehensive 
insight into the spatial configuration of indoor healthcare environments and how the built 
environment works in practice. This new direction for geography and activity space 
research promises to contribute to a growing knowledge base, including evidence-based 
design, human-building interaction research and post-occupancy evaluation. Translating 
this user-based knowledge across disciplines provides an opportunity to bridge a gap 
between theory and applied science resulting in the design of environments that improve 
the well-being and opportunities of all users. 
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Abstract. Legislation, standards, and policies (LSP) are essential means to pro-
mote and regulate accessibility, i.e., inclusion of vulnerable groups in society, 
especially concerning healthcare services. This study aims to analyse how public 
policies relate to inclusive design (ID) by promoting accessibility and inclusion 
in a Brazilian oncology service. We performed an exploratory case study; we 
analysed the Brazilian LSP, conducted in-depth interviews, and carried out non-
participant observation. The results were analysed through thematic analysis and 
categorised into the following themes: service access, architectural and environ-
mental aspects, information and communication aspects, technological aspects, 
and attitudinal aspects. In summary, we found that despite Brazilian LSP promot-
ing the inclusion of patients in health services, the observations and interviews 
showed that there are many gaps in the area of inclusion and accessibility. The 
results highlight the complexity of working within political and regulatory con-
texts when implementing and managing such public policies. Then implementa-
tion and management should not be ignored, as they ensure the effectiveness of 
ID; long-term and ongoing actions at different levels of policy, implementation, 
and management must be taken to provide a more comprehensive understanding 
of ID in healthcare services. 

1 Introduction 

According to the United Nations (2016), people worldwide face exclusion, lack of access 
to opportunities, and comfortable participation in society. In the context of services, 
people have been excluded across human history, not being assisted adequately and 
fairly (Fisk et al. 2018). Given this scenario, inclusive design (ID) seeks to consider user 
needs in order to make it possible for people, especially those with reduced functional 
capabilities, to use products, services and environments without difficulties (Persad et al. 
2007). 

Healthcare services may impose certain limitations on patients, who need to be 
capable enough to access and use them in an integrated, fair, and satisfactory manner 
(Liu et al. 2021). Thus, the ID principles are important to design services that meet 
patients’ needs, enabling proper access and use (Liu et al. 2021). This work is focused 
on the experience of patients undergoing cancer treatment. These patients have a series 
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of vulnerabilities, disabilities, and limitations caused by the disease itself, the treatment, 
or pre-existing conditions exacerbated by the disease/treatment (Naughton and Weaver 
2014). Since ID embraces the needs of persons with disabilities, older people, individuals 
from diverse social and cultural backgrounds, and others in vulnerable conditions (GDIH 
2022), we highlight the importance of using the lens and principles of ID for oncological 
patients and services. 

Patients diagnosed with cancer should be treated in a holistic, multidisciplinary, and 
humanised way (Costa et al. 2003). Although the importance of humanised assistance is 
noted and recognised, not all services and professionals recognise and apply it. So, several 
barriers undermine fair and equitable access to health services, such as architectural 
(Geraldo and Andrade 2022), technological (Carayon et al. 2019), attitudinal (Hashemi 
et al. 2022), and informational/communicational aspects (Geraldo and Andrade 2022). 

Brazil has a set of laws, standards, and policies (LSP) that govern accessibility, inclu-
sion, and health, seeking to guarantee the right of access of all people. Accessibility in 
this study is defined as the possibility and condition of needing the safe and autonomous 
use of spaces, furniture, urban equipment, buildings, transport, information, and com-
munication, including their systems and technologies (Brazil 2015). The formulation of 
these public policies seeks to promote social sustainability for cancer patients and their 
families, based on the fulfillment of their needs. Despite all efforts, inclusive actions in 
healthcare end up not being promoted, causing marginalisation (Garnelo et al. 2020). 
Therefore, this study aims to analyse how public policies relate to ID by promoting 
accessibility and inclusion in a Brazilian oncology service. 

2 Method  

A case study was carried out in an outpatient oncological service of a Brazilian hospital. 
For data collection, initially, we analysed the LSP existing in Brazil that aim to promote 
the accessibility and inclusion of people in health services, especially oncology ser-
vices. Afterwards, we identified and collected these documents in the digital databases 
of the bodies responsible for regulating and managing this issue in Brazil. Then we 
conducted in-depth interviews and carried out non-participant observations. The study 
was approved by the UFCSPA’s Institutional Review Board (Bohn et al. 2022). 

The service under analysis assists around 1 200 unified health systems (SUS) patients. 
This service provides consultations, medium-complexity examination, surgical treat-
ment, and chemotherapy. We observed external and internal spaces of the outpatient 
clinics for surgical consultations, the environments of medical examinations and the 
chemotherapy space. The surgical consultation offices have a reception, two medical 
rooms, a bathroom, an administration room, and a dining area for employees. To access 
this environment, the patients need to go up a slope, and there is an access ramp to the 
door. The chemotherapy room is accessed right behind the offices, through a flat corridor 
outside the building. It has a reception, two medical offices, an oncology pharmacy, and 
the chemotherapy application room, which has a stretcher and 8 hospital sofa-chairs. 
This room is shared and patients do not have individual spaces to receive treatment. 
There are two spaces for carrying out clinical examinations: one on the ground floor and 
the other one on a different floor in the same building. One of them is intended for onco-
logical referrals from SUS. The other is intended for hospitalisation, emergency care,
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and for patients contaminated by COVID-19. These environments have a reception, a 
screening room, the examination rooms (breast ultrasound, mammography, tomography, 
magnetic resonance, general ultrasound and X-ray), and administrative rooms. 

We carried out in-depth interviews with three health professionals and six users of 
the outpatient oncological service. The interviews followed a semi-structured script that 
explored the patient’s experience. They were recorded and transcribed, registered in field 
diaries by the two researchers separately, and the data was tabulated for further analysis. 

Regarding observation, this was indirect and took place for eight days, in different 
shifts, according to the availability of the service and prior arrangement with the staff. In 
the observation process, the researchers did not interact with the patients, moving through 
the service spaces in non-participatory ways capturing information. Field diaries guided 
the process and the following aspects were observed: the identity of the place and people 
involved at the time of observation; patients’ interactions with the service; impressions; 
and what needs further clarification. 

For data analysis, thematic analysis was performed (Braun and Clarke 2014). 

3 Results 

Data was classified into five categories, considering aspects related to: access to the 
service, architecture and environment, information and communication, technology, and 
attitudes. 

Concerning service access, data refer to universal and equitable approaches to ade-
quate treatment. We verified that the Brazilian legislation presents guidelines regarding 
the form of access to health services and the deadline for patient access to treatment 
upon diagnosis of cancer (Brazil 2021). SUS seeks to ensure universal, equitable, and 
integral access for all people in Brazilian territory (Brazil 1988; Brazil 1990). The form 
of access considers the degree of complexity. In terms of time, access to services gener-
ally depends on the schedule of the respective services demanded. However, for patients 
diagnosed with cancer, there is a legal provision for access within 60 days to start treat-
ment at a reference oncology service (Brazil 2021). Although we identified a robust 
conception of LSP, the form of access is not as effective as public policies predict and 
is poorly understood by a significant number of cancer patients, impending their access 
to the service, and confronting the principles of SUS. Cancer patients report access to 
specialist consultation within the established deadline, but the effective start of treat-
ment takes longer than the established deadline, as do examinations. So, most of the 
so-called access routes were not equally available to all patients. High demand is one of 
the reasons. 

Regarding architectural and environmental aspects, data refer to any issue in 
spaces and buildings that may promote or hinder a person from accessing, moving in 
and making full use of them safely. Brazilian LSP pay special attention to these aspects, 
ensuring that people with disabilities and reduced mobility can integrally access physical 
spaces, with necessary adaptations (Brazil 2002a, 2002b; (Brazil 2011). Especially NBR 
9050 brings detailed specifications for built spaces, highlighting, for example, aspects of 
signage (visual, sound, and tactile) capable of finding for any user any place they want 
to reach and access (ABNT2015). Figure 1 shows the architecture of different service 
environments.
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Fig. 1. Architectural images of different service environments 

We observed that regulations fit the concept of ID, seeking access for all people. 
However, the physical spaces of the institution and the oncology service do not follow 
the parameters required to include all users, regardless of their needs. There was no 
signage that met the visual, sound, and tactile needs. That is, a user with reduced vision, 
or deaf, could face difficulties or be excluded from care. 

When we asked about aspects of physical accessibility both for professionals and 
users, in the interviews, the answers always referred to spaces structured to receive 
wheelchair users. However, we know that accessibility is not just for wheelchair users. 

Most of the inclusive environments have not been user-friendly in actual practice. 
The findings suggest that while policies are an essential precondition, implementation 
and management must not be ignored because they ensure the effectiveness of ID. One 
reason that justifies this finding is the fact that the premises that house the oncology 
service pre-dated the establishment of the currently existing LSP, requiring adjustments. 
Furthermore, it is essential to understand that an environment must be ready to receive 
users whatever their needs. 

As regards information and communication aspects, data refer to any question, atti-
tude, or behavior that promotes or hinders the expression or comprehension of messages 
and information. Laws 10.098 and 13.146 recommend the adoption of comprehensive 
forms of interaction, which include Brazilian Sign Language (Libras); the visualisation 
of texts in Braille; signaling or tactile communication systems, enlarged characters, etc. 
(Brazil 2000; Brazil 2015). 

In practice, these aspects were rarely observed. We identified that communication 
and access to information are mostly carried out orally or in writing, disregarding the rec-
ommendations of LSP. Adopting clear communication and easy-to-understand terms is a 
good starting point for patient safety and effective communication. When the information 
is easy to understand and uses simple language, it improves the receiver’s knowledge and 
satisfaction, helping to clarify doubts and develop reflective skills, to provide autonomy 
and adherence. 

About technological aspects, data are those that promote or hinder people with 
vulnerability from accessing technologies, such as existing treatments, qualified teams, 
assistive technologies, and others. Laws 10.098 and 13.146 recommend the implemen-
tation of assistive technologies so that people with limitations have their access or use 
of services and spaces facilitated, with technologies adapted to their needs (Brazil 2000; 
Brazil 2015). In the oncology service observed, however, assistive technologies adapted 
to the needs of all people were not perceived nor was the application of any technology 
observed. This may be because the service analysed is from the SUS, despite its having 
a large amount of financial resources, sometimes it is not enough to cover the thousands 
of people who need to use it.
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However, within the technological scope, the service provides access to the different 
existing treatments, as required by Law 14.238 (Brazil 2021). Despite this, it was found 
that patients have access to treatments covered by the SUS that are considered traditional. 
On the other hand, patients do not have a proper understanding of the rights guaranteed 
by legislation since we found that the decision-making about which treatment to adopt 
is largely defined by doctors. 

The last category of analysis refers to attitudinal aspects, which means attitudes or 
behaviors that promote or harm the social participation of vulnerable people on equal 
terms with others. To reinforce human practice in the provision of health services, in 
2003, Brazil established the National Humanization Policy (NHP), aimed at full access, 
universal and equitable spaces, in the daily life of health service users (Brazil 2004). 
Furthermore, Laws 13.146 and 14.238 ensure the promotion, under equal conditions, of 
the exercise of fundamental rights and freedoms by people with disabilities, with a view 
to their social inclusion and citizenship rights. 

In the oncology service, humanised attitudes were reported mainly in situations of 
patients’ interaction with the oncology service, i.e., medical, nursing, and administrative 
professionals, which was defined as good by patients. The humanised reception gener-
ates a relationship of trust and respect, increasing the feeling of well-being and a positive 
experience, corroborating Hashemi et al. (2022). However, situations that generated dis-
comfort in the patients were observed, throughout the service. Following the guidelines 
of the Statute of the Person with Cancer, humanisation must be encouraged, and care for 
cancer patients must be aligned with the guarantee of physical, psychological, emotional, 
and social well-being (Brazil 2021). 

4 Discussion and Conclusions 

We identified that LSP can foster inclusive public policies and facilitate the inclusion of 
patients in health services, including at local levels. We noted the importance of establish-
ing systematic top-down public policies related to ID. However, having comprehensive 
public policies is not enough to guarantee the effective implementation of the require-
ments. Implementation is an essential step in planning accessible and inclusive services, 
putting defined policies into practice. However, one of the difficulties identified in the ser-
vice has been the non-implementation of inclusive services required by legislation to sat-
isfy real patients. Finally, management is a fundamental resource that ensures the effec-
tiveness of accessible and inclusive services, encompassing maintenance, evaluation, 
supervision, and participation. 

Considering the context presented, we verified the establishment of Brazilian laws 
and norms that apply the principles of ID, aiming to promote accessibility and inclusion. 
The incorporation of ID principles has taken place in an evolutionary process over time, 
according to Fig. 2. We noted that the regulations fit in the concept of ID, seeking access 
for all people. The findings also failed to identify any practices in addition to what is 
provided for in the LSP. 

From this case study, we can confirm some good practices. We emphasise the under-
standing that public policies related to ID are an essential base, to enhance social sus-
tainability. In this sense, we recommend that the design of these laws and regulations



106 P. R. Bohn et al.

includes participatory processes for different actors, aiming to obtain different perspec-
tives on the same issues. Besides that, implementation and management are vital as they 
ensure the effectiveness of ID. So, long-term and ongoing actions at different levels of 
policy conception, implementation, and management must be taken to provide a more 
comprehensive understanding of ID in healthcare services. To inspire better practices of 
inclusion and accessibility in developing countries with public health systems, the main 
lesson learned is that health services must be in line with the country’s public policies. 
Furthermore, there must be a dialogue between service providers and managers. For-
mulators are key players in guaranteeing rights, but they need to understand the needs 
of service practices and their users. In this sense, ID has much to contribute through a 
creative design process to promote the role of design in healthcare. 

We understand that this study has limitations. First, it is focused on the laws and 
patient experiences, and future studies may expand the scope by bringing different pro-
fessional views. Second, this case study described a particular service, so results are 
not generalisable. For future studies, participatory design processes involving all service 
stakeholders may help generate solutions to make the service more inclusive. In addition, 
quantitative studies are suggested, as well as comparative studies, to make results more 
generalisable. 

Fig. 2. Evolution of the relationship between public policies and inclusive design 
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Abstract. Research that aims to support human-centred architectural design 
increasingly recognises people as everyday designers. What remains unclear, 
however, is how architects can design in ways that support everyday design. We 
addressed this question in a one-week course in architectural engineering. The 
course started from a real-world design brief – the redesign of a child oncol-
ogy ward – and combined design exercises with lectures, discussions with vari-
ous experts, observational exercises in a school, and watching a TV-documentary 
together to gain insight into the design of care environments, and children’s every-
day practices. As data we use individual and group student work and as themes 
for analysis we select lessons learned and design interventions suggested by the 
students in relation to the question we started from. In terms of implications we 
emphasise attention to people’s involvement in practices as strategy in designing 
for everyday designers, integrating possibilities for user-feedback as part of design 
proposals in architectural education, and TV-documentaries as possible sources 
of information in designing for sensitive and hard-to-enter contexts like hospital 
wards. 

1 Introduction 

A fundamental understanding in human-centred design is that use cannot be predicted, 
and that people’s interactions with the human-made world may differ from what was 
intended during the design process (Van der Bijl-Brouwer and Dorst 2017). Design 
research that aims to address the distance between design and use predominantly has 
two starting points: either 1) how design impacts on people; or 2) what people do with 
and in it (cf. Pink et al. 2020). 

Studies in the field of architectural design focussing on the second starting point 
examine interactions between the built environment and its users and show how people 
consciously or accidentally redesign it through (everyday) practices (e.g. Sharif 2020). 
People are considered ‘everyday designers’ (Wakkary and Maestri 2008). In relation 
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to architectural design practice, very few studies (if any) address the question of how 
architects can design in ways that support people as everyday designers. 

This gap in research can be linked to a more general issue in architectural design, 
namely that design-use complexities – i.e., issues of agency and control – are rarely 
made explicit in design processes (Stam et al. 2020). Architects through design influ-
ence social life, but these outcomes can never be designed directly – they are deeply 
contingent (Redström 2008). Gaining insight into how design-use complexities figure 
during design processes and how architects deal with them is thus important. This con-
tingency and its complexities related to design processes in architecture is particularly 
foregrounded in relation to children’s interactions with the human made world (Jelić et al.  
2020). More than most adults, children seemingly care less about designed intentions, 
and spaces/objects offer them possibilities for action that cannot be anticipated – the 
world of children appears to be less or undetermined (cf. Noens and Ramaekers 2014). 
In contemporary discourse about spaces for children, however, there seems to be a split 
between everyday life and care environments (Tutenel et al. 2022). In design (research), 
children in care environments tend to be considered as passive, acted on by these environ-
ments (more control, less agency), while children outside of care contexts are considered 
as active, able to act upon the environment (more agency, less control) (cf. Adams et al. 
2017). 

In view of these observations, we divide the question of how to design for everyday 
designers into three research questions: (RQ1) if we recognise that the design process 
continues after a design leaves the drawing board or when a building has been con-
structed, what does this mean for architects when designing?; (RQ2) how can architects 
design in ways that support children as everyday designers?; (RQ3) how does the idea 
of children as everyday designers question or reinforce current discourses and practices 
surrounding children in architectural design? 

The study reported on here addresses these questions in the context of a one-week 
course in architectural engineering, which set off to rethink indeterminacy in design 
through exploring children’s everyday practices. 

The course was organised as part of a broader research project on how experiences of 
children affected by cancer may inform the design of cancer care environments (Tutenel 
2021). With the redesign of a child oncology ward as an overall approach, the course com-
bined concepts and lessons learned from the research project with design experiments 
in a series of seminars and hands-on design (and) research sessions. 

2 Methodology 

2.1 Course Set-Up 

The course was organised in March 2022 in the framework of an international academic 
network – the Athens Network. The eight attending students – Benedetta Ballabio (IT), 
Daniele Florenzano (IT), Anna Nektaria Georgiou (GR), Theoni Gkesiou (GR), Nour 
Naim (LEBN), Jan Pospíšilík (CZ), Stavroula Tziourtzia (GR), and Vasco Pinto (PT) – 
were in their master’s programme in Engineering sciences: Architecture. The authors of 
this chapter were the course organisers; an anthropologist, an architect and design tutor, 
and a design researcher all working in the field of inclusive architectural design.
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As our overall approach to the research questions we worked by way of case study 
around the redesign of a child oncology ward in Belgium (Fig. 1). The design brief 
was explored through materials (architectural drawings and pictures taken by research 
participants) gathered in earlier research by a master student (De Boeck 2019). Now that 
the building has been inhabited for a few years, it turns out to deter some people from 
participation in practices, e.g. informal gathering. 

The case was approached from multiple angles: informing, researching, exchanging, 
designing. 

Students were informed through lectures and seminars. The third author linked a 
focus on children’s practices to inclusive design. Starting from the understanding that 
‘disabled is not something one is, but something one becomes’ (Moser 2005) she pointed 
out how human-made environments can either hinder or support children in their prac-
tices and that designers can create or resolve problems by creating disabling or enabling 
environments. The first author lectured about his research on children’s everyday prac-
tices in an oncology ward (Tutenel 2021). He explained how conceptualising of children 
as everyday designers helped him to see these children not (only) as vulnerable but (also) 
as active constituents of the world (cf. Leeder-Mackley et al. 2015). Finally, the second 
author discussed with the students her approach to designing the Padiglione Infanzia 
by BarrioBalmaseda (Ariadna Barrio, Alba Balmaseda) and Esaú Acosta; an inclusive 
play space for children in Milan (IT) that represents the idea of universal design, which 
favors autonomy, active use, and comfort. 

Research consisted of observational exercises. To become more attentive to chil-
dren’s everyday practices and their interactions with the environments they are in, stu-
dents worked with school children for half a day through participant observation. Because 
we were not allowed to visit the hospital due to Covid measures, as a second observation 
exercise we watched a documentary together. Designers and researchers have already 
been experimenting with documentary filmmaking to inform designers. These design 
documentaries ‘aim to get access to the elusive, inconsistent fabric of everyday life and 
understand it on its own terms’ (Raijmakers et al. 2006, p. 237). We decided to use, 
instead, a TV-documentary ‘Pilotenmasker’ (de Jong 2017) about the daily life of chil-
dren in an oncology ward, which was not specifically produced with the aim of informing 
design. 

Next to observing children’s everyday practices, exchanging with others was impor-
tant. To get to know each other as (future) professional designers students introduced 
themselves by presenting one of their design projects. Another form of exchange was 
through online interviewing, consulting and discussing with various experts – an inte-
rior architect, a paediatric oncologist, a head nurse, a design researcher, and two young 
cancer survivors. 

The students worked as a group on redesigning the child oncology ward. A first exer-
cise we call ‘speed designing’ (cf. Zimmerman and Forlizzi 2017) – a termborrowed from  
romantic speed dating. This exercise was the starting point of the redesign. Throughout 
the week students were given time to work on the redesign. During design time the first 
two authors were present to reflect with the students on their design considerations.
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2.2 Material and Methods 

We use as data for analysis in this chapter a video-recorded presentation in which the 
students jointly discussed online the course’s trajectory and the design outcome with 
different experts, and the individual written assignments in which students reflect on 
what they have learned in relation to the aims of the course. This assignment (1000 
words limit) was given as a take home exam and students had two weeks’ time to hand 
it in. 

Initially we had not intended to analyse the course, but the lessons learned from it 
in relation to the question(s) we started from motivated us to do so. Because of this we 
did not collect materials in a systematic way during the course’s trajectory. However, to 
establish rigour in our analysis and presentation thereof in this chapter we limit ourselves 
to the above three types of materials – a recorded presentation, student design outcomes, 
and written student work. 

As themes for the analysis we selected lessons learned and design interventions 
foregrounded by the students in relation to the question we started from. These were 
analysed in accordance with aspects of QUAGOL (Dierckx de Casterlé et al. 2012), 
which is a method guiding qualitative data analysis originally based on a grounded theory 
approach. Characteristic of this method is its extensive pen and paper phase planned to 
develop a holistic understanding of the data gathered. For our analysis, the first and 
second author independently developed initial concept schemes based on re-viewing the 
presentation and re-reading the student papers. These schemes were iteratively refined. 
Each step along the way was discussed among the three authors until consensus was 
reached. 

As regards to research ethics, we distinguish between research ethics applied to 
running the course, and research ethics related to studying it. Concerning the former, De 
Boeck (2019) obtained informed consent from the architecture firm, the hospital research 
ethics committee (ref. BC-4807), and the children who participated in her Master thesis 
research for the materials used to explore the design brief. For the school visit, we asked 
permission via the school principal, who informed the children, parents and teachers 
of our observational exercise. Compliant with the General Data Protection Regulation 
we agreed with the school to not take pictures, only sketching and note taking were 
allowed. Ethical issues also come into play when using a TV-documentary as research 
material, e.g. to use it for a different purpose than was intended by the makers. In our 
course, we used ‘Pilotenmasker’ (de Jong 2017) to learn about everyday life in a child 
oncology ward, which aligns with the purpose of the makers. Related to the analysis 
for this chapter we asked students’ consent to use their assignment as data only after 
the evaluation and grading took place; and sent them a draft of the chapter before final 
submission. Consent for recording the presentation to and discussion with the experts 
was asked before the discussion started. 

3 Findings 

In answering the question of how to design for everyday designers, the students used 
the metaphor of a sponge to describe their design outcomes: like a sponge’s infinite 
patterns and its ability to take many shapes, the design interventions aim at integrating 
open-endedness into the oncology ward to support children as everyday designers. First,
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we briefly discuss the students’ design proposal, then we unravel their approach to better 
understand what can be learned in relation to our research questions (student quotes are 
in Italics). 

3.1 The ‘Sponge-Therapy’ Design 

The students agreed that small things can be important. Their redesign is made up of 
a series of micro-interventions (Fig. 1), which aim to create enabling moments for users 
and are easily adaptable to the existing environment (Fig. 2). 

Important aspects were communication and familiarity in and through design. ‘A 
simple, friendly, and to a certain extent familiar environment seems to be the way to go.’ 
A concern of the students was to improve everyday life in hospital environments, being 
‘able to help them [children] find those happy moments during the challenge they are 
facing with the disease’. Finally, the replicability of the proposal in other medical care 
environments seemed relevant to them. 

In order to obtain feedback on the design proposal, it was complemented with a 
survey for the users of the child oncology ward and an Instagram account. 

Fig. 1. Diagrammatic floor plan of the child oncology ward. The outer walls are omitted to respect 
non-disclosure. The students’ micro-interventions are marked in pink. In response to the misuse 
of the informal meeting space (marked in light pink) the students proposed to specify their use 
through design while creating openness at other spaces in the ward. © Athens 2022 students. 

Fig. 2. From left to right: ‘(Un)folding boxes’ consist of storage spaces of different heights 
allowing storage of medical equipment on the upper parts, while children can benefit from lower 
cabinets for their toys, books or drawings. The exterior works as a skin where children can 
communicate with each other or make drawings; ‘Capsules of Intimacy’ are small spaces that can 
be used as private nooks; ‘Tactility portals’ make it possible for the children in isolation to interact 
with the children in the adjacent rooms; ‘Mix and match’ furnishes the parents’ room/playroom 
with modular equipment. © Athens 2022 students.
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3.2 Unravelling the Students’ Approach 

3.2.1 Becoming Aware of the Relevance of Seeing Children Differently 

Approaching the case from multiple angles changed the students’ ways of seeing chil-
dren and questioned some of their conceptions of normality, inclusion, and familiarity. 
Challenging normality was triggered by recognising diversity among and different 
perspectives of children. In this reading, children are re-thought as having their own 
ways of participating in everyday practices that cannot be standardised or generalised. 
This showed in how the students ‘came to see’ children: ‘They [the children] did not 
seem to worry too much about the obstacles, they just tried to solve the issues straight 
away in a simple way.’ And it showed how the students seemed to become more aware 
that children’s perspectives are often narrowly defined (or forgotten) by adults: ‘Many 
times adults focus on the playful side of children forgetting their very own personal 
perspective’. 

Another concept foregrounded by the students was unfamiliarity, which meant 
recognising that professional designers often know little about the spaces they design, 
about who the client is or the users will be. ‘As designers, our role is to envision and 
deliver projects that affect and are used by “Others”, but “Others” can mean a lot of 
things’. 

3.2.2 Understanding Children as Everyday Designers 

Observing children in different contexts allowed the students to identify or recognise 
particular practices. At different occasions students referred to children as active agents. 
The notion of everyday design seemed to amplify this idea. This led to conceptualising 
children as having a natural tendency towards exploration, imagination and creativity: 
‘Observing children interacting between one another and [with] their environment but 
also with [them]selves was a great way to experience their infinite creativity.’ From this 
perspective, children create possibilities of using spaces and objects, provide different 
perceptions of the world and reveal unexpected patterns ‘of adaptability and problem-
solving’. Observing children’s ways of interacting with the school or the hospital envi-
ronment helped the students to recognise different manifestations of children’s everyday 
design practices in how they make and shape spaces for themselves or reinvent settings. 
To this end, children appropriate certain spaces, even if the space is not intended for 
them. ‘They [children] treated unconventional surfaces such as glass windows as their 
own canvas or the moving bed as their own Ferrari.’ 

In their reflections on the TV-documentary, students recognised how practices 
express the emotional experience of care environments, and the benefits of commu-
nication and contact to mitigate the feeling of vulnerability, loneliness when isolated, or 
the importance of being accompanied by familiar objects. ‘I noticed that […] even when 
they use the medical equipment, children were more relaxed when they knew exactly what 
was happening, when they were aware of the procedure and informed by the doctors.’ 

3.2.3 Designing an Oncology Ward for Children as Everyday Designers 

Reflecting on the design process students emphasised the importance of direct inter-
action with various experts – new to them. The conversation with one of the cancer
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survivors helped students to understand better what isolation in a hospital environment 
entails, what matters to hospitalised children, and what makes them feel better. Another 
activity of relevance to the process was carefully (closely) observing children’s every-
day practices in care and other environments. Next to interacting with and observing 
children, students found designing and researching together in a network of people 
(students, lecturers, experts, and children involved) and a transdisciplinary atmosphere 
was important. This provided the ‘opportunity to investigate design using so many dif-
ferent approaches’. In a structured and highly complex environment such as a children’s 
oncology ward, the students foregrounded the role of ‘constraints as a booster for cre-
ative and design process’. Finally, in the design process, feedback from actual users was 
considered important to open up a horizon for future improvement. Students recognised 
that designing is a ‘a vice versa procedure’ in which designers and users can mutually 
benefit. 

3.2.4 Implications for Design Practice 

Beyond this specific redesign the different angles seemed to stimulate reflection in the 
students about designers’ responsibility more generally. The students’ understanding 
of responsibility involved rethinking existing definitions and proposing solutions for 
specific uses and users. ‘This project made me more empathetic, responsible, and aware 
of the impact we have on people’s (especially aspiring young humans’) everyday lives.’ 

Next to these reflections, students described the need for a change in attitude towards 
the role of professional designers: ‘The role of [an] architect will thus not be to strictly 
categorise the different areas of the hospital spaces as we have been used to, but rather 
to create opportunities for the interaction of different forms that can change over time. 
It will then be up to the children themselves to what extent they would wish to engage’. 
On the one hand, a recognition that architects can contribute to create opportunities for 
interaction, on the other hand, the understanding that reality is ever changing, accepting 
that in the end the decision is the user’s and that professional designers cannot meet 
or control everyone’s needs. Related to these issues concerning agency and control 
students emphasised collaboration: for example, one student wrote that ‘professional 
and everyday designers design together’, thereby situating design as an ongoing activity 
and process. 

4 Discussion and Concluding Remarks 

What does the students’ redesign of a child oncology ward and their reflections on 
the course teach us about the research questions we started from? We learned, first, 
that to recognise that the design process continues is to see architects and everyday 
designers as designing together; it requires a change in attitude related to agency and 
control; and shows the potential of everyday practices as a starting point in design (cf. 
RQ1); second, designing in a way that supports children as everyday designers starts 
with taking children seriously and designing spaces that allow indeterminacy and are 
not separate from the fabric of everyday life, be it in a hospital ward, a shop, or on a 
pavement (cf. RQ2). And third, understanding children as everyday designers helped the
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students to recognise (balance) children’s vulnerable situation when being hospitalised 
while keeping an eye on how even in such precarious situations children shape spaces 
for themselves; to understand their responsibility as professional designers to support 
these children’s agency (cf. RQ3). 

How do these preliminary findings relate to previous research, and what are their 
implications? To start with, research that focusses on how architects deal with design-use 
complexities in practice shows that strategies related to developing specificity include 
gaining insight into perspectives of (possible) users, discussing scenarios with clients, 
etc. (Stam et al. 2020) For the students who participated in our course, a strategy to cope 
with architecture’s contingency precisely was to pay close attention to how children 
are involved in everyday practices in order to create openness in their design proposal. 
And, in relation to understanding children as everyday designers the students designed 
interventions that may support children as such not outside or at the margins (e.g. in the 
playroom) but right in the oncology ward, as part of ongoing everyday practices. 

Second, although not common in architectural education, the participating students 
included possibilities for feedback from people with relevant expertise as an integral 
part of their design proposal. For them it was a logical next step in dealing with design’s 
indeterminacy, complementing their proposal with a survey related to (possible) every-
day uses and an Instagram account. The survey was the students’ way of acknowledging 
that architects do not have (full) control over design outcomes and need feedback from 
a broad range of users to steer the proposal further in relevant directions; and that, in 
the end, it will be up to the children/users to what extent they wish to engage with the 
outcome. As such, integrating possibilities for feedback, like the students did, may be an 
important strategy for student-architects to deal with design-use complexities. Moreover, 
it may shed a different light on, for example, post-occupancy evaluations, understanding 
these as part of design processes and based on everyday uses (cf. Simonsen et al. 2022). 

Finally, research suggests that professional designers are attracted to information 
presented with maximum use of graphics and limited text (Annemans et al. 2014). 
They prefer raw data in a format that is condensed to be design-relevant, allowing them 
both to quickly pick up overarching themes and to discover depth relevant to a specific 
project (McGinley and Dong 2009). In our course we worked with an existing TV-
documentary. Watching it together using everyday design as lens helped students to 
focus on interactions between children and the material care environment. Our findings 
suggest possibilities of using TV-documentaries as one possible source of information 
in sensitive and hard-to-enter contexts like hospital wards. 

An important limitation of the study is that because we did not originally intend 
to study and write about the course, the materials we could use for the analysis were 
limited – recorded and written work. Related to this, the reflections of the students were 
part of their evaluation, which means that the content of the reflection papers could be 
influenced also by e.g. wanting to achieve good marks. Thirdly, students suggest the 
need for a change in attitude towards the role of professional designers. Studying this 
would require an analysis of their (design) work done after the course is finished, which 
we did not do. Finally, since the students’ design proposal was not realised and did 
not lead to interventions in the oncology ward, we cannot say much about whether and 
how it will support children as everyday designers. The discussion with the experts,
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however, brought to the fore points of attention in the students’ design proposal related 
to practicalities and materialisation: not taking into account hygiene standards in an 
oncology ward, materials that can or cannot be used, extra maintenance work, etc. 

We see three key areas for future research. The first follows from the circumstances 
that made the course: this was the first time we organised a course on children’s everyday 
(design) practices that was both research-based and design-oriented, there were not many 
examples available that have followed this format which we could take as a reference, 
the context of the international academic network challenged us to introduce students 
to a broad and unfamiliar topic in just five days, and the course had to adapt to the 
constraints of the COVID-19 pandemic, which is why meetings with experts took place 
online, and the idea of using a TV-documentary arose. In light of these limitations a first 
area for future research would be a second iteration of the course, also because this would 
allow a more systematic gathering of materials. A second area is to further explore TV-
documentaries as a way to inform design for sensitive contexts and develop an ethical 
framework that allows this. And finally, it would be interesting to extend the experience 
from students to professional designers, working on real-world design projects. 
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Abstract. This paper presents the results of an expert usability evaluation study 
focusing on the accessibility, medical exigency, and user independence of a 
COVID-19 Home Testing Kit that employed a smartphone app for communi-
cation. The paper also proposes a set of guidelines for designing medical testing 
kits employing smartphones as a bridge technology. Researchers have argued for 
co-design approaches for usable technology for disabled consumers. Acknowl-
edging disabled users as experts of their contexts of use and using their valuable 
lived experiences with day-to-day technologies are essential steps in inclusive 
design. Engaging design researchers’ experiences of working with disabled users, 
we revisit these challenges in the context of this kit to evaluate the effectiveness 
both for accessibility and usability. Since our test discovered several design issues 
with the interaction design of the kit and the assistive technology embedded in the 
testing process, we argue for more comprehensive models for designing medical 
testing kits that would integrate both assistive technologies and other elements 
seamlessly and accessibly. The designer/engineer’s ability to view technology 
design as one element in a larger usability ecosystem, including nontechnolog-
ical factors, is central to an independently performable home test. Other impor-
tant factors are: designer/engineer’s familiarity and comfort with disability, prior 
experience of working in a disabled community, use of similar existing assistive 
technology designs for this user group, and an understanding of the complexity 
of the users’ environment where technology is employed. 

1 Introduction 

The international standard ISO 9241-210 describes user experience as: “a person’s per-
ceptions and responses that result from the use or anticipated use of a product, system 
or sendee” (ISO 2019). This standard is an extension of ISO 9241-11 which deals with 
the concept of usability (ISO 2018). Whereas usability focuses on measuring the effec-
tiveness and efficiency of a product, process, or system in accomplishing tasks, user 
experience (UX) is dynamic, context dependent, and among others includes user satis-
faction in its widest terms, ranging from the response to related factors—how quickly 
the product has been shipped, how difficult the package was to open, and the user emo-
tions aroused by their interactions with all aspects of product use (Law et al. 2009).
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Research on the application of these standards to the design of medical diagnostic tests 
in disability contexts is not yet common. 

Six months after the US government made free COVID-19 home tests available to 
citizens, the U.S. president announced the availability of an accessible COVID-19 home 
test kit for the blind by Ellume on 23 June 2022. Using the case of this Ellume COVID-19 
home test kit—sometimes also labeled as audio test for the blind on the manufacturer’s 
website—we underscore the technology gaps in the kit design. We chose to test the 
Ellume home test for two reasons: 1) Ellume is made available by the US government 
free of cost to the blind and 2) the only other test with a claim of accessibility by 
the blind—Cue—sells for $450 and up and is beyond the reach of most blind users, a 
majority of whom live on disability income. After testing the usability and accessibility 
of the Ellume kit, the primary author of this paper reached out to the company for 
their Voluntary Product Accessibility Template (VPAT) for this product in July. The 
company did not have a VPAT available (Personal email 13 July 2022). We might note 
that Section 508 of 1998 of the revised U.S. Rehabilitation Act of 1973 requires suppliers 
to provide a VPAT for assuring product accessibility (Section 508.gov). 

2 Relevant Literature Review 

Researchers have highlighted the centrality of assistive technology to vulnerable pop-
ulations, particularly to the disabled or older adults, during the COVID-19 pandemic. 
Isolation, fear of infection, and lockdowns took away most support systems from this 
class of users and when assistive technologies did not work, or were not available, these 
groups suffered more than the rest of the population (Jutai and Tuazon 2022). Dis-
abled people in general had difficulty receiving care in times of health crisis during this 
pandemic (Guidry-Grimes et al. 2020; Brown et al. 2022). 

A primary purpose of universal design (UD), inclusive design, and accessible design 
approaches is to make consumer products, interactive technologies, healthcare services, 
and environments available to a variety of users with and without disabilities (Milne 
et al. 2014; Persson et al. 2015). Universal design is based on Ronald Mace’s barrier-
free and accessible design principles that advocate for access to all environments (Mace 
et al. 1991; Connell et al. 1997; Vanderheiden 1998). ISO’s guide 71 defines UD as 
“design focused on principles of extending the standard design to persons with some 
type of performance limitation to maximise the number of potential customers who can 
readily use a product, building or service [that] is usable by most users without any 
modification” (ISO/IEC 2014). 

3 Methods 

This study used a basic usability test with accessibility for blind users in mind (Dumas 
and Redish 1999). We conducted two expert tests with an observer taking notes. The 
primary author served as the expert tester and the second author played the role of an 
observer and note taker. The expert tester was familiar with both Windows based screen 
readers and iOS VoiceOver screen reader; had previous experience of testing physical 
equipment and digital interfaces; and could perform testing steps without using sight.
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The usability and accessibility test was repeated twice to capture data in depth and to 
detect any overlooked details. We split our original notes into two parts, usability and 
accessibility test of the smartphone app and the actual COVID-19 test. We recorded our 
testing session for later reference during the analysis (Table 1). 

Table 1. Questions guiding our study 

Criteria for Testing the Kit 

1. Is the website for ordering the COVID-19 Test accessible? 
2. Is the COVID-19 Test package designed for a blind user’s convenience? 
3. Are the various components of the COVID-19 test easy to unpack and iden-
tify with or without accompanying instructions? 

4. Is simple and straightforward language used for labeling and describing 
equipment, explaining the procedure, and giving step-by-step instructions? 

5. Are the warnings and alerts given at the appropriate point in the test? 

4 Description and Use of Ellume COVID-19 Home Test Equipment 

Mobile application (App)-based COVID-19 at-home self diagnosing test kits have been 
introduced in the U.S. market widely although stand-alone analysers without a mobile 
platform are more common (Zai et al. 2022). Therefore, for the purpose of this study, 
we ordered 12 Ellume tests which arrived in a large box with a print-only address label. 
This test kit consists of an analyser with a Bluetooth reader (the testing unit), a collection 
tube which Ellume labels as a dropper, a vial of processing fluid, a nasal swab for taking 
samples, a quick start guide, a 9-fold, two-sided product information leaflet, and a QR 
code printed on the right panel of the kit box. The box does not include a biohazard 
bag for disposal of the kit after use. The manufacturer provides a downloadable app for 
iOS and Android smartphones that communicates results from the analyser through a 
Bluetooth connection. 

4.1 What is Involved in Performing the Ellume COVID-19 Home Test 

The steps for completing this home test can be split in three phases: 1) downloading the 
mobile app on the user’s smartphone and entering user data, 2) performing the COVID-19 
test using the analyser, and 3) reading the results from the mobile app. 

5 Results 

Overall, the testing kit and the app were easy to use and navigate visually. However, 
when we tested the kit solely depending on the spoken directions from the iOS app, other 
sounds, such as beeps and blips, and touch to conduct the test, the whole procedure was
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not only tedious but also patchy due to the accessibility gaps in the spoken directions. 
Textual or audio descriptions of buttons and procedural steps in this app lack a meaningful 
structure. In addition, several buttons in the app were mislabeled or not labeled at all 
for the iOS screen reader, VoiceOver. Some of the instructions were poorly worded, the 
video narration was slow, and the information in the animations had no alternative text. 
The kit provided no accessible description of the equipment, and a blind user will have 
to guess which part is what. The individually packaged parts had few or no tabs and 
would be difficult to open for anyone with arthritis. 

During the two expert tests, we identified a number of accessibility barriers for the 
blind. In addition, we also found several usability problems even when the test was 
otherwise accessible. The video instruction manual provides little information of the 
location of the on off button on the analyser. Once the video has been started, it can not 
be paused. The video shows animated images, but the oral instructions do not describe 
the imagery; the oral instructions are minimal and require some imagination. When 
repeating the test, the user is forced to watch the video again because the app has no skip 
button. The video does have a pause button, but it is not labeled for the screen reader. The 
run test label reads only as “next button”. The 15-min timer for processing the sample 
has no audio notifications. When the app displays the test results, the only automatic 
announcement is “IMG menu”—read by VoiceOver because this image is unlabeled. 
The blind user has to use touch to have the screen reader read the results instead of the 
app automatically announcing them (Table 2). 

Table 2. Basic steps a blind user might take to perform the COVID-19 home test 

Workflow for Completing the Ellume Home Test 

• After opening the Ellume kit box, the blind user reviews print instructions 
with sighted help or searches for the same online 

• The user locates the unmarked QR code on the kit box and downloads the 
Ellume app on a smartphone 

• The user enters required and optional information in several steps in the 
partially accessible Ellume app 

• The user watches mandatory video with directions for performing test from 
the app 

• The user turns on the analyser and connects it to the Ellume app 
• The user transfers processing fluid from the sealed vial to the dropper 
• The user collects a nasal sample using the swab 
• The user screws the nasal swab onto the dropper 
• The user squeezes out 5 drops of processing fluid from the dropper into the 
analyser sample port 

• The user presses the Run Test button on the app and the analyser starts pro-
cessing the test sample 

• After 15 min, the smartphone app displays the test results
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6 Discussion 

This accessible kit was issued during summer 2022 when the COVID-19 pandemic had 
already been pushed out of the public consciousness by most of the federal, state, and 
local government agencies in the United States having eliminated most safety require-
ments—masks, social distancing, and testing requirements. For blind individuals with 
other underlying conditions and at a higher risk for COVID-19 infection, getting a reli-
able home COVID-19 test is still a basic need. With most safety mechanisms gone, 
these individuals are at a greater risk in public and sheltering at home has been their 
best mechanism for self protection. Blind users had also stressed to the U.S. government 
the transportation barriers to accessing these tests from healthcare facilities (National 
Federation of the Blind 2022). No doubt, they were also at a greater risk of exposure in 
traveling to such sites. By the time this semi-accessible kit was made available, other 
people in U.S. had easy access to free home tests although this access also declined after 
3 September 2022, when the Federal Government stopped funding COVID-19 home 
testing kits across the board. 

It is hard to determine if the gaps in product accessibility are simply due to the 
shortage of experienced accessibility designers, or due to the emergency conditions 
under which the design work on these home testing kits had to be undertaken. In either 
case, it is difficult to rationalise the accessibility gaps in this audio COVID-19 Test Kit 
because it was announced by the U.S. Government specifically to meet the demand for 
an accessible home test kit for the blind. 

Although disability activists have stressed the need for inclusive designs, in medi-
cal contexts a universal design for all users may not serve everyone’s needs (Charlton 
1998). To address specific disability contexts, researchers have advocated ability-based 
designs—designs that cater to the specific needs of users with specific abilities (Wob-
brock et al. 2011). When we are thinking of making the affordances of our technology 
accessible, as well as usable for consumers with disabilities, the concept of accessibility 
has to be complicated for the sheer reason that the contexts-of-use for this population 
might have additional variables requiring added affordances. These essential affordances 
might vary from disability to disability. In considering these users’ needs, the designers 
also need to pay attention to how these differing contexts-of-use are reshaping the nature 
of the desired activity. Further, we need to pay attention to how the revised activity affects 
the expected user experience. 

The context-of-use in the case of the COVID-19 home test is not complex in the tra-
ditional sense of the term because the testing task has a well-defined purpose—checking 
whether or not the user is presently testing negative or positive, has a clear-cut pro-
cedure to perform the test, and involves a set number of variables for performing the 
test. However, from the disabled user’s perspective, the task is more complex because 
they have to accommodate their body to the procedural needs of a test designed for 
visual users. Since the kit has quite a few images explaining different aspects of the test, 
sighted users can easily follow the procedure. On the other hand, a blind user might be 
altogether unfamiliar with the basic equipment required for testing and managing the 
relevant information to complete the test.



Study of a Smartphone App as a Bridge Assistive Technology 123

Because a sighted user also receives cues from the layout and visual design of the 
app, the step-by-step instructions often assume certain details. When the step-by-step 
instructions are interrupted by warnings and alerts, an aural user is repeatedly distracted 
from the procedural task. To address these issues and to enable the user to complete the 
medical test with a high degree of accuracy, the user instructions need to anticipate the 
inexperienced users’ often asked questions and answer them adequately. 

To understand how disabled people use medical devices and procedures, it might not 
be enough to employ generic usability evaluation methods. Seeking out disabled expert 
users of such contexts might be essential to gain insights into how these users perform 
complicated tasks successfully with the available sensory affordances and compare their 
techniques to the less experienced users’ ways of approaching the task. 

Researchers have also emphasised the importance of providing strategic information 
for designers to develop accessible technologies (Goodman et al. 2006). We further 
emphasise that codesigning and testing prototypes with actual users does assist designers 
to identify user concerns and pain points early on in the design stage and to come out 
with a product that matches users’ needs and expectations (Hall 2001; Oswal  2014; 
Shinohara et al. 2016). 

7 Conclusion 

Overall, the usability and accessibility tests suggested that the kit did not meet the needs 
of blind users. Making a medical test technically accessible is not sufficient, it also 
has to possess the general usability affordances available to visual users. It is also not 
clear if any input was received from blind users in the early stages of design; otherwise, 
this product should not have had the obvious design issues we identified. Considering 
the barriers posed in completing this diagnostic test without sight, the claim that this 
COVID-19 home test kit provides independent access for blind users is untenable (White 
House COVID-19 Response Team 23 June 2022). Nevertheless, the availability of a free 
test to the blind with some accessibility has opened a door for further improvements. 

The lessons learned from this study of a COVID-19 home test can also be excep-
tionally valuable in other fields where disabled users require autonomy in performing 
technical procedures. Our study also highlights the need for engaging disabled users 
in the design process from early on and throughout the product’s development cycle. 
Further, it draws attention to the need for designing more effective interfaces between 
medical equipment and the digital apps employed for communicating user instructions 
and test results. 

We present a set of guidelines in the table overleaf (Table 3) for designing medical 
kits of this nature that offers strategic information for designers and developers to con-
ceptualise accessibility and usability for blind users. These guidelines answer a crucial 
question: “How do you design for ‘best practices’ for accessibility in medical diagnostic 
tests and related procedures?”.
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Table 3. A set of guidelines for designing an accessible home test for the blind 

19 Guidelines for Designing a Home Medical Test Kit 

1. Think of the whole ecosystem within which a blind user will handle the 
equipment and perform the test 

2. Apply universal design (UD) principles across the board when designing 
test equipment 

3. Apply Web Content Accessibility Guidelines for mobile apps to the digital 
interface of the test 

4. Ensure that the website for ordering the kit is accessible, including its 
images 

5. Pay attention to the size and shape of parts and tools at the design stage to 
meet the unique needs of blind users 

6. Test the prototype with blind users to seek feedback at the concept-forming 
stage because retrofitting accessibility after the fact is costly and often less 
effective (Wentz et al. 2011; Horton and Sloan 2014; Oswal  2019) 

7. Make the various components of the diagnostic test easy to unpack and 
identify with or without accompanying instructions 

8. If using a mobile app for communication, integrate an audio signal system 
in the analyser to show test status 

9. Provide a list of equipment parts and label each part in braille and large print 
10. Include use scenarios for diverse user settings 
11. Present step-by-step instructions with clues for confirming the accurate 

performance of each step 
12. Make the sequence of steps for performing the test as predictable as 

possible and draw from blind users’ existing experiences with technology 
13. Test the instructions to assess the burden they place on the user (Suh et al. 

2016) 
14. Provide auditory or haptic landmarks when a particular task is completed 

successfully 
15. Prepare users ahead of time with cautions and warnings to avoid mistakes 
16. Place specific warnings and alerts at appropriate points in the test 
17. When using digital interfaces, employ both large print and audio cues to 

support the needs of blind and visually impaired users 
18. Create a troubleshooting section in the user manual that covers the salient 

pain points experienced by blind testers during user testing 
19. Test FAQs with blind users to ensure that this information serves their needs 
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Abstract. This paper provides a narrative review of dyslexia literature to illu-
minate some broader topics to consider when designing assistive technology for 
adults with dyslexia. It introduces the fundamental underlying concerns of adults 
with dyslexia who face stigmatisation and discrimination, both real and perceived, 
at work. In doing so, it provides insight into how multidimensional stigmatisation 
is experienced and its consequences for assistive technology use and design. As 
a way to avoid existing pitfalls, a co-design approach is introduced to explore 
and define solutions to address multidimensional stigmatisation, including assis-
tive technology use and design for research work. For designers and researchers, 
this means starting with the correct problem. Collaborating, exploring, and tak-
ing action helps construct a picture, interpret the real issues, and determine if 
progress is being made in a better direction. Ongoing and future work focuses 
on preliminary aspects to evaluate assistive technology-related stigma for doc-
toral students with dyslexia. The study intends to develop a standardised scale to 
measure perceived multidimensional stigmatisation among doctoral students with 
dyslexia. 

1 Introduction 

There is a good chance that Human-Computer Interaction (HCI) designers may have had 
a misguided their approach to assistive technology design in the workplace for adults 
with dyslexia. The fear of stigmatisation and its effects on assistive technology users 
has been overlooked due to unnoticed clues that should have been noticed. It is easy to 
assume that stigma is not a design issue and is more a societal concept (Shinohara and 
Wobbrock 2011). However, designers need to go beyond surface understanding to see all 
the different factors that impact everyday interactions. It is important to develop a non-
reductionist perspective when working towards correct solutions to address unmet needs 
of adults with dyslexia, identify root causes, and understand users’ priorities when using 
assistive technology (Shinohara and Wobbrock 2011). By thinking in systems, designers 
can gain more insight into the people they are designing for in their daily life (Meyer 
and Norman 2020). 
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2 Background 

2.1 Dyslexia Complexities 

Globally, dyslexia is the most prevalent learning disability; in some instances, it presents 
difficulty with reading, decoding written text, and spelling (Snowling et al. 2020). The 
core challenges of poor reading, writing, and spelling persist into adulthood, yet debate 
continues over adult reading comprehension struggles (Moojen et al. 2020). As such, 
there is still no agreement about definitions, and our understanding has been noted as 
unclear but evolving; despite all efforts, dyslexia remains complex (Protopapas 2019). 
Comorbidities such as hyperactivity disorder (ADHD), dyspraxia, dyscalculia, dys-
graphia, and emotional and social effects may also be present; (Moll et al. 2020); however, 
dyslexia is a standalone reading disorder. 

The diverse language used to describe dyslexia, competing theories, expanding def-
initions, and a lack of clear diagnostics complicate our understanding (Snowling et al. 
2020). Defining it remains controversial because the term is not universally accepted 
(Kirby et al. 2020). Questions have been raised about the credibility and unscientific 
understanding of dyslexia and the lack of scientific distinction between dyslexia and 
poor reading (Elliott 2020). Yet approaches based on pitting poor readers against stu-
dents with dyslexia and the dyslexia myth are problematic (Ramus 2014). In sum, the 
repeated focus on an exact definition may lead to researchers ignoring that the root causes 
of dyslexia are multiple (Protopapas 2019). 

In this context, it is useful that these opposing voices and shared ideas are understood 
as parts of a complex interactive system. Addressing these tensions through co-design 
supports inclusion that may drive some improvement (Meyer and Norman 2020). 

2.2 Dyslexia in the Workplace 

Most adults with dyslexia describe a fear of real and perceived stigmatisation and dis-
crimination in the workplace, including medical doctors, police officers and staff, aca-
demics, and nurses (Shaw and Anderson 2017; Macdonald and Cosgrove 2019; Major 
and Tetley 2019). When non-disclosure is chosen, access to reasonable accommoda-
tions such as assistive technology is at risk, although there is uncertainty surrounding 
the effectiveness of these adaptations (Locke et al. 2017). However, disclosure is a per-
sonal choice with no legal requirements to disclose (Kinsella et al. 2017). Additional 
perceived barriers include stereotyping, a lack of understanding of dyslexia, question-
ing work competencies, threats to career progression and job security (Macdonald and 
Cosgrove 2019). Furthermore, individual identities and self-concepts can range from 
perceived superpowers to disability to non-identification (Doyle 2020). 

Despite our growing understanding of dyslexia, there may still be much to learn 
about it in the workplace (Norstedt 2019; Hamilton 2020). What is evident is that most 
people’s invisible disabilities remain invisible at work, including in academia (Syma 
2019). 

For designers, understanding the fundamental issues and the user context early on is 
essential, as is understanding that real problems often stem from multiple root causes. 
Given that most adults with dyslexia have expressed fears of stigma, it would be a mistake
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to ignore its possible impact on assistive technology use and design in academia. By 
ignoring the perceived stigma, designers may be designing not for people with dyslexia 
but instead for their own assumptions about what should work (Norman and Stappers 
2015). Moreover, a challenge for designers is asking the right questions; a good question 
may illuminate underexplored issues that concern users. 

2.3 Challenges for Human-Computer Interaction Designers 

Adults with dyslexia should not be viewed as a homogenous group (Johansson et al. 
2021). Individual differences and identities, language and cultural diversity, and wide-
ranging emotional consequences are prominent (Livingston et al. 2018). Besides, lived 
experiences and emotional consequences are widely individual (Nalavany et al. 2018). 
The understudied emotional effects of dyslexia, together with the lack of knowledge 
of some HCI designers about emotional design, as well as teaching emotional design 
for dyslexia, are also problematic limitations (Crabb et al. 2019). Additionally, some 
professionals report a lack of understanding of accessibility guidelines for dyslexics 
(e.g. WCAG 2.0 and 2.1) (Pichiliani and Pizzolato 2019). Another consideration is that 
a one-size-fits-all approach to assistive technology design will not work for this user 
group; customisation is essential (Schröppel et al. 2021). 

There has been criticism of tokenism and marginalisation of scholars with disabilities 
in assistive technology design. Some are calling for an end to the perception of them 
as lacking credible knowledge about their everyday circumstances (Ymous 2020). Yet, 
despite best efforts, a lack of recruitment persists for scholars with disabilities including 
adults with dyslexia in HCI studies (Motti 2019). 

Based on these insights, it appears desirable that HCI, dyslexia, co-design, and stigma 
experts work with doctoral students with dyslexia to balance different perspectives, 
improve human agency, better unpack lived experience and collaboratively deconstruct 
assumptions, whilst focusing on users’ real-world settings. 

2.4 Universal Design, Stigma and Assistive Technology Design Gaps 

The Universal design (UD) principle of equitable use specifies that designers should 
avoid segregating or stigmatising users (NDA 2020). A clear focus is placed on equity, 
autonomy, and digital inclusion. Despite the desire to provide universal access, design 
access for all approaches remains controversial in attempts to remove all obstacles in 
the real world for people with disabilities (Shakespeare 2013). He argues that achieving 
universal access is nearly impossible because it implies removing all barriers for all 
disabilities and degrees of the same disability. 

Within this space, there is a need to consider the effects of stigma on an already 
stigmatised user group which is using stigma-sensitive interventions (Schröppel et al. 
2021). For example, the evidence suggests that multidimensional stigma includes public 
stigma, self-stigma, cultural stigma, product-related stigma, and structural stigma (Vaes 
et al. 2016; Desmond et al. 2018; Macdonald and Cosgrove 2019; Jacobs et al. 2022). 
As it turns out, perceived stigma triggers assistive technology abandonment and may 
betray the invisible identity of the user (Schröppel et al. 2021). The paradox is that
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assistive technology users face stigma in both accepting and rejecting their technologies 
(O’Brolcháin and Gordijn 2018). 

A tension between mainstream technology, accessibility and stigma issues for users 
with dyslexia was noted during the COVID-19 pandemic. For example, some online 
meeting tools do not offer text-to-speech functionality (Das et al. 2021). Against 
this backdrop, a lack of understanding of stigma-free design can lead to misleading 
assumptions and unintentional exclusion of users (Schröppel et al. 2021). 

3 Methods 

A realistic review (ongoing) approach was used to synthesise preliminary evidence and 
explain how interventions work or fail to work, for whom, how and in what circum-
stances (Wong et al. 2013). It explores the assumptions behind how and why specific 
interventions are expected to work (or not). The initial programme theory (IPT) consid-
ers the effectiveness or failure of assistive technology interventions for dyslexic adults. 
It explains why and how complex interventions such as assistive technology are adopted 
and/or abandoned in different contexts for and by adults with dyslexia. A co-design app-
roach was adopted to develop a pilot questionnaire to collect data on assistive technology 
use and stigma experiences. Based on the pilot questionnaire and with the intent of co-
design, the building of a standardised scale for multidimensional stigma was explored to 
assess the dimensions of assistive technology stigma for doctoral students with dyslexia. 

3.1 Plan and Design: Phase One 

To prevent further misunderstanding, a panel of international experts and doctoral stu-
dents with dyslexia was established to ensure that expertise and lived experience stand 
on equal footing when exploring the stigma associated with assistive technology design 
and use. Among the members are experts in HCI, dyslexia, co-design, stigma research, 
and doctoral students with dyslexia with first-hand experience in navigating academia 
and utilising assistive technology. This approach established equality of collaboration in 
assistive technology design and addressed concerns that not all collaboration is perceived 
to be equal. 

Part of the problem with dyslexia is its complexity, as addressed previously. A real-
istic review approach focuses on unpacking extensive evidence that distinguishes what 
interventions work or do not work, for whom, in what circumstances, and how and why 
(Wong et al. 2013). In this case, it meant uncovering the underlying assumptions about 
how assistive technology for adults with dyslexia is supposed to work (or not) and the 
expected impacts. Preliminary findings suggest a significant theme of perceived stigmati-
sation and discrimination in varied workplaces, which has been relatively underexplored 
in the empirical literature, specifically in HCI design. 

Based on the initial realist review, a preliminary questionnaire was developed for col-
lecting data and evaluating the effects of multidimensional stigmatisation on dyslexic 
academics. Panellists iteratively defined survey items and assessed the validity and reli-
ability of the questionnaire instrument development. Survey results were used to iden-
tify how and why doctoral students use assistive technology in academia and to assess
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the potential effects of multidimensional stigmatisation, including assistive technology 
stigma. 

Using the context-specific foundational data, the expert panel decided on ways to 
build a reliable and valid standardised instrument to measure multidimensional stigma 
for doctoral students with dyslexia. As of yet, there is no official scale for this. In using 
the self-reported survey, HCI designers can identify potential root causes of stigma to 
determine the effects on assistive technology use. This approach necessitated explor-
ing prior work such as PAMS (Product Appraisal Model for Stigma), PIMS (Product 
Intervention Model for Stigma) and (PIADS) Psychosocial Impact of Assistive Devices 
Scale (Jutai and Day 2002; Vaes et al. 2016) and Frauenberger et al. (2015) “tool-to-
think-with” that guides participatory design practices. In turn, using a multidimensional 
stigma scale for doctoral students with dyslexia may lead to more stigma-free academic 
research, improved assistive technology context interaction, and better stigma reduction 
efforts. 

4 Discussion 

The stigma attached to existing assistive technology use for adults with dyslexia is 
rarely talked about. The experience of stigma is subjective, shaped by lived experiences. 
Some designers may think that stigma is not likely to be harmful. Yet it is a silent 
influence on assistive technology adoption, and much remains to be learnt. With an 
enhanced co-design attitude and an understanding of real-world complexities and con-
textual constraints, universal design can better understand people with dyslexia hidden 
needs. In part, the collaboration seeks to make sense of multidimensional stigma, provide 
real-world insight, and generate new ideas from the perspective of those affected. 

Although traditional design methods will be used to capture insights through written 
text, other co-design tools will also be explored in order to create new approaches to 
working with dyslexia data (Sanders and Stappers 2008). For example, even though 
passive methods such as interviews, self-reported surveys, and user observation can 
offer valuable insights, active creative techniques, such as design method cards, can also 
provide helpful insight into user experience (UX). Furthermore, combining ecological 
momentary assessments (EMA) with co-design practices can reduce the disadvantages 
of traditional design methods. Such approaches could improve survey response biases 
and improve progress in assistive technology design. Despite its complex nature, early-
stage to end-stage collaboration may result in better understanding and prove effective 
in driving real change in dyslexia research. In general, “fuzzy front-end” (FFE) could be 
described as one of the most important considerations in design and execution (Sanders 
and Stappers 2008). 

Amongst many things, Power and Petrie (2019) counsel against developing and 
validating standardised scales without including people with disabilities. In this case, 
by working together, assistive technology stigma-free design for academic workplaces 
may be better understood through validating scales with doctoral students with dyslexia. 
Future work will focus on effectively refining the role of standardised questionnaires in 
HCI practices for these specific users.
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Abstract. Augmentative and alternative communication (AAC) users are highly 
diverse as their communication needs depend on many factors, such as motor 
ability, cognition, age, education level, and overall preferences. This chapter intro-
duces the concept of tinkerability for AAC. We conjecture that Tinkerable AAC 
(TAAC) has the potential to empower AAC users, developers, and researchers to 
fine-tune, adapt, and explore better communication solutions in tandem with the 
system. We present a framework for tinkerable AAC that concretely links its qual-
ities to AAC research and development areas and subareas. To demonstrate the 
viability of tinkerable AAC, we present a tinkerable predictive text entry system 
for it. It allows users to adjust many aspects of the system during use, ranging from 
the text prediction algorithms in the back end to the parameters underpinning the 
keyboard layout in the front end. In addition, it also allows AAC system devel-
opers to adopt state-of-the-art language models and enables AAC researchers to 
carry out in-situ research experiments. We discuss the design space opened up by 
tinkerable AAC and its potential in empowering the AAC community to co-design 
individually tailored solutions for users. 

1 Introduction 

Tinkering is an exploratory and iterative style of working where a user engages with a 
problem or a project. It is regarded as the opposite of planning, a more organised activity 
that is more direct but not repetitious (Resnick and Rosenbaum 2013). 

Tailoring is an activity that modifies a system to fit specific use situations. It is 
distinct from use, as  use refers to modifications made to the subject matter of the tool 
while tailoring refers to modifications of the tool itself. While use can give rise to an 
immediate perceived effect, the effect of tailoring is felt at a later stage (Henderson and 
Kyng 1995). 

In this paper we suggest tinkerability to be the ability of a system to allow modifi-
cation during interaction to fit different use scenarios and conditions required to reach 
specific goals, such as gaining higher efficiency. The modifications are not necessar-
ily executed by the user directly as we envision that they can also be achieved by the 
assistance of AAC specialists, developers, and researchers. 

We see many reasons why thinking about tinkerability in AAC is a promising research 
direction. First, AAC users form a very heterogeneous user group because individual 
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preferences, capabilities, needs, and resources vary substantially. Allowing AAC users, 
specialists, and researchers to tinker with AAC systems provides opportunities to fine-
tune systems for individuals. 

Second, despite decades of research, AAC solutions are still suboptimal. Tinkerabil-
ity encourages exploration and may serve two purposes: (1) increasing people’s interest 
in improving AAC systems by explicitly observing the capabilities of sophisticated 
AAC systems; and (2) assisting AAC designers, developers, and researchers to elicit 
user requirements by empowering these users to further understand the capabilities and 
limitations of the systems they rely on. 

Third, AAC systems relying on natural language processing and machine learning 
are becoming increasingly complex. Tinkerable AAC may help AAC designers and 
researchers to understand the increasing design space of AAC systems that has emerged 
due to the tremendous progress in artificial intelligence. By letting AAC designers exper-
iment with AAC systems, tinkerable AAC allows them to observe potential benefits from 
such advancements first hand, thereby potentially to empowering both AAC users and 
professionals and stimulating new ideas and new formulations of design problems. 

Thus, tinkerable AAC is a potential enabling technology, allowing non-experts in 
AI to create new futures within a broader AAC design space that encompasses state-of-
the-art AI. 

In the remaining space of this paper we will further explain tinkerability in AAC, 
present a framework for it, and exemplify it by presenting a tinkerable text prediction 
AAC system we have built for this purpose. 

2 Tinkerability in AAC 

AAC technology is used to assist people with communication disabilities to develop 
or regain their competence. Many computer-based AAC systems are developed using 
numerous representations for vocabulary concepts, including photographs, symbols, 
written words, letters of the alphabet, and so on (Beukelman and Light 2020). Due to 
users’ varied physical capabilities, these representations can be accessed by fingers, toes, 
elbows, eyes, or use of multimodal approaches. 

In the past decades, social inclusion has greatly increased (Mirenda 2014). As a 
result, literate nonspeaking individuals with motor disabilities tend to adopt a letter-by-
letter spelling strategy to communicate, as it not only provides a more precise means of 
expression than images or symbols, but also brings a much wider range of expressions 
than preset text (Beukelman and Light 2020). Text prediction, including word prediction 
(Vertanen and Kristensson 2011), phrase prediction (McKillop 2018), sentence retrieval 
(Kristensson et al. 2020), and sentence generation (Shen et al. 2022) have been used 
to augment the language composition function of the AAC system, where vocabulary 
selection and message management are key points of system interaction. 

Moreover, some AAC users, such as amyotrophic lateral sclerosis (ALS) patients, 
have progressive diseases which means their physical capabilities, and thus AAC needs, 
may change over time. For example, an ALS patient may originally type using a phys-
ical keyboard and later rely on eye gaze to communicate using an eye-typing system. 
Switching from one particular AAC system to a new one incurs upfront learning costs
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for both the user and the system: the latter likely needs to be configured and adapted to 
the user. This can be frustrating and challenging for AAC users, in particular, as AAC 
systems tend to be presented as black boxes. While tinkerability will not remove any 
costs in switching systems, it may help reduce frustration by allowing exploration of a 
new system to best fit new needs and wants. 

In terms of what can be tinkered with, a computer-based system with a user interface 
(UI) can be partitioned into two components: the front end—what the user interacts with, 
and the back end—necessary system logic, such as prediction algorithms and language 
models. A tinkerable AAC system allows users to manipulate both the front and back 
end to meet their requirements and satisfy their curiosity as they explore the design space 
of the system. 

However, even though a tinkerable AAC system would be beneficial, it remains 
difficult to develop one. Prior work (Henderson and Kyng 1995; Ellis et al. 2021) iden-
tifies four key points about developing a general tinkerable system. First, it needs to 
balance complexity and tinkerability, as tinkering requires additional buttons, switches, 
and mechanisms for adding behavior to code. Second, it becomes necessary to provide 
mechanisms for allowing design while in use. Third, the system must support saving 
and reestablishing the state of the system. Fourth, the three prior points all increase 
resource requirements in terms of time, money, experience, etc. to provide a working 
robust tinkerable AAC system. 

There is also the challenge that the sheer complexity of state-of-the-art natural lan-
guage processing systems means that the underpinning AI may be difficult to under-
stand for users, designers, researchers, and developers alike. To allow a target audience 
with widely different educational backgrounds and interests to meaningfully tinker with 
a state-of-the-art word prediction and sentence prediction system, supporting sentence 
retrieval and sentence generation, requires careful considerations of which parameters to 
expose, how resulting system behavior can be analysed and communicated to end-users, 
and how sometimes perplexing AI behavior can be explained to users. 

3 Tinkerable AAC Framework 

To illustrate how a TAAC system contributes to AAC research and development, we 
propose a framework (Fig. 1) that links areas of AAC research and development to the 
qualities of a TAAC system. These links are indicated as purple arrows in the figure. 
Note that for clarity not all possible links are shown. 

The framework divides the qualities of a TAAC into three areas: (1) input devices 
and techniques; (2) context sensing and AI; and (3) interaction parameters. Some of 
these qualities are easier to change than others. For example, to change the input device 
from a joystick to an eye-tracker necessitates either a very versatile TAAC hardware 
platform or an explicit change of hardware device. In contrast, changing the number 
of word suggestions shown in a word prediction display normally only involves simply 
changing a software parameter and ensuring there is space in the UI for an additional 
word suggestion.
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Fig. 1. A conceptual framework for explaining how qualities of a TAAC system (left) facilitate 
AAC research and development (right). The purple arrows indicate pathways linking TAAC system 
qualities that can be used for investigating related areas in AAC research and development. There 
are many pathways but we only show a few in the figure for clarity. 

The framework also separates out AAC research and development areas. These are 
tentative, as a full scoping of this space necessitates a systematic literature review and 
interviews with researchers. For now, we identify three key areas: (1) accessibility; (2) 
personalisation; and (3) vocabulary and communication. We then break down each of 
these areas into subareas, covering research questions such as the expressiveness of the 
keyboard (under Accessibility → Language and vocabulary interface), and support for 
small talk (under Vocabulary and communication → Communication). 

A way to use the framework is as a map for better understanding the design space 
of TAAC system qualities that can be explored for a particular area, or subarea, of 
interest. For example, tinkering with system utterances that reflect users’ emotions can 
potentially benefit re-establishing the user’s native language and further contribute to 
maintaining their social role, such as a family member. As another example, altering 
different language models and their underpinning parameters may improve language 
predictions in different communication settings. 

The framework can also inform TAAC system design by enabling designers and 
researchers to work backwards from the research areas and subareas to ideate addi-
tional TAAC system qualities that can be incorporated into a TAAC system. In this way 
the framework effectively assists TAAC researchers to elicit requirements for a TAAC 
system that incorporates features with a direct research need.
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Finally, in the long run we anticipate the use of systematic design engineering meth-
ods to make inroads in AAC as a complementary methodology (Kristensson et al. 2020). 
In this context, the TAAC framework can be used a map for AAC designers to under-
stand which TAAC system qualities to investigate, for example, the number of generated 
sentence suggestions, to gain an understanding into appropriate areas of AAC research 
and development. 

4 A Tinkerable AAC Text Prediction System 

To demonstrate the viability of tinkerable AAC we have developed a tinkerable predictive 
AAC text entry system. This section introduces the design and features of this system 
and explains how it may assist AAC researchers and developers to iteratively improve 
the system. Figure 2 shows the system, including its keyboard, word predictions, and 
sentence predictions. 

Fig. 2. The main user interface of the tinkerable AAC system 

4.1 Interface 

As shown in Fig. 2, the menu bar is separated into three sections: File, UI Control, and 
Tinker. File allows the user to save the current settings and reload previous settings as 
readable text files that can thus be edited outside the system. UI Control allows the user 
to move keys on the keyboard around by dragging them and thus changing the layout and 
geometry of the keyboard. Similarly, the position of predicted words and sentences can 
also be moved around by dragging them. Further system tinkering features associated 
with the back end are integrated into the Tinker Panel (see Fig. 3), which can be accessed 
by choosing Tinker in the menu.
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Fig. 3. The tinker panel for word prediction (left) and sentence prediction (right) 

The system allows configuring gaps between each key and supports two types of word 
prediction position mechanisms. The first provides word predictions at prefixed static 
locations while the second dynamically places word predictions in the vicinity of the last 
pressed key. Hence, gaps between each keyboard row provide space for dynamic word 
prediction displays, should they be of interest to the AAC user. Sentence predictions can 
be shown in static locations. The number of word and sentence predictions are adjustable 
from one to four. 

By clicking the Speak button the system reads out any output text. 
As previously alluded, the Tinker Panel provides the user with an opportunity to 

configure back end parameters. Currently it includes five means of word prediction 
and six approaches for sentence prediction using both AI-based generative sentence 
methods and conventional sentence retrieval algorithms. For each method, there is a list 
of relevant parameters that can be tinkered with. This feature is mainly intended for AAC 
researchers and designers so that they can alter parameters and assess different models 
without needing to be able to program or to have any expertise in AI or information 
retrieval. 

4.2 Text Prediction 

Providing rich tinkerability around the central text prediction function has two main 
benefits. First, it allows customisation for individual users. A wide range of language 
prediction methods allows the AAC user or specialist to choose the most suitable method 
for the individual case. For example, some users require to send repeated commands (for 
example, “I need water” or “I am tired”). Such text retrieval can be achieved reliably 
using information retrieval methods, such as the approaches included by BM25 (Trotman 
et al. 2014) and SBERT (Reimers and Gurevych 2019). 

For other users, communication can potentially be greatly speeded up by enabling 
users to provide keywords to prompt a language model to generate entire sentences, for 
example GPT-2 (Radford et al. 2019) and KWickChat (Shen et al. 2022).



Tinkerable Augmentative and Alternative Communication 143

These different methods have different tradeoffs and are hence complementary. For 
example, information retrieval methods may be beneficial in routine conversation with 
limited and repeated vocabulary, whereas sentence generation may be more efficient in 
open conversations, such as a casual chat where an exact utterance is not critical. 

In addition, how to enable the AAC user to tell the system to generate or predict 
a sentence matters. Fundamentally, there are two approaches: either successive input 
of a series of words or the input of a series of keywords that serve as a prompt for a 
sentence generation algorithm. The two methods require a different interaction style, and 
one method may be preferred or more suitable for an individual user, or for a specific 
interaction context, such as a different environment or situation. 

4.3 System Architecture 

The tinkerable AAC system uses the model-view-controller (MVC) system architecture. 
MVC is one of the most widely used design patterns in software engineering of graphical 
user interfaces as it is simple and effective: it consists of three parts. In this system, the 
model corresponds to the back end, the algorithms and language models, the view is 
the user interface, including the keyboard (the front end), and the controller allows the 
user to interact with the front and back ends. This modular design facilitates iterative 
development of the system. For example, if an AAC user is used to inputting letters via a 
touchscreen but suddenly requires to use an eye-tracker, then an AAC developer merely 
needs to add an eye-tracker module to the view and link it to the controller, rather than 
developing a completely new system. Thereby the information retrieval and AI-based 
sentence generation subsystems, which require considerable development expertise, are 
reusable for a wide variety of different software development objectives. 

We also conjecture that another advantage of this architecture might be that it simpli-
fies integration of AAC systems that go beyond direct text entry. Many AAC researchers 
are interested in supporting conversations that are scenario-based, such as telling stories 
(Reiter et al. 2009), giving instructions (Todman et al. 2008), chat (Shen et al. 2022), and 
so on. With a flexible system architecture, developers can more easily integrate state-of-
the-art language models into the system as a new UI option for AAC researchers, with 
minimal changes in the front end, and thereby benefit from the set of existing subsystems 
and algorithms that are already provided. 

5 Discussion and Conclusions 

This paper has introduced Tinkerable AAC (TAAC) and exemplified it with a tinkerable 
AAC system. While this system is a start towards a versatile enabling technology for 
user-involved AAC co-design, there are many improvements that are possible and many 
design considerations that need to be investigated. 

First, from an end-user perspective any manipulation of front end aspects, such as 
the position of keys on the keyword and word - and sentence prediction slots, needs 
to be easy to understand and access. Further, any such manipulation needs to be easily 
reversible by the user.
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Second, back end aspects, such as parameter choices and subsystem decisions need to 
be thoroughly explained. It will also be necessary to provide users, including designers, 
researchers, and developers, with easy methods to assess the efficacy of various parameter 
choices and activated subsystems. Ideally, a systematic approach is followed which could 
potentially be supported by the system by, for example, having workflows in the system 
for exploring and assessing parameter choices as a function of usage. This would enable 
designers and researchers to explore what if scenarios in a systematic way. 

Third, an important objective of TAAC is to enable lightweight in-situ experiments 
that do not demand substantial development effort from researchers. Thus, it will be 
critical to provide easy-to-use and understand interfaces for setting up experiments and 
for logging and analysing data. 

Fourth, it will be important to systematically evaluate any TAAC both in terms 
of benefits to end-users and in terms of the experience of designers, researchers, and 
developers. 

In addition, the TAAC framework is a starting point for linking TAAC system qual-
ities to AAC research and development areas and subareas. Further work is required, 
such as a systematic literature review and interviews with AAC researchers, to tease out 
additional research areas, and expand and refine them in the framework. With a more 
complete TAAC framework it is possible to work backwards from the research areas to 
the TAAC system qualities to identify gaps in support for research in a TAAC system. 

In summary, we see TAAC as a promising direction in AAC but many challenges 
remain for it to truly take the form of an enabling technology democratising AAC 
design using state-of-the-art AI technologies. As examples of what is already possible, 
our existing system provides the scaffolding to assist with the following investigations: 
(1) assessing the impact of different text prediction layouts on text entry rate, cognitive 
load, and physical load; (2) understanding the impact of different language models on the 
AAC user experience; (3) analysing how language behavior changes when AAC users 
are in different environments; and (4) assessing the effect of context-aware text entry on 
communication rate. We hope TAAC will serve as a platform for incorporating recent 
AI advances for the benefit of AAC research and thus function as a catalyst for advanced 
AAC design exploiting state-of-the-art AI to ultimately improve the communication rate 
and user experience of AAC systems. 

Open Science. Complete source code for the Tinkerable Keyboard can be found here: doi: https:// 
doi.org/10.17863/CAM.91650. 
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Abstract. Deaf pilots in France are currently allowed to fly planes with the help of 
a second pilot handling voice and radio communication. Yet they are not allowed 
to pilot independently. Fans4All is an association that aims at making aeronautics 
more accessible to pilots who are hearing or speech impaired (HSI). In this paper 
we present our experience as a multidisciplinary design team (including two HSI 
pilots) working towards this goal. We present current and past steps to develop a 
Multimodal Sensory Communication Device (MSCD) composed of a touchscreen 
tablet and a haptic jacket, as well as the visual vocabulary to define messages 
between HSI pilots and air traffic controllers. Moreover, we present our approach 
combining quantitative and qualitative methods for evaluation. We hope that our 
work will help to make aeronautics more accessible to people with impairments. 

1 Introduction 

In a controlled airspace, vocal interaction between pilots and air traffic control (ATC) 
is mandatory for safety reasons. This interaction encompasses instructions from ATC to 
pilots as well as requests from pilots to ATC. This interaction implements a vocal lan-
guage based on short sentences whose glossary and grammar are internationally defined, 
for example: aircraft: “ready for landing”, ATC: “clear to land wind 160 [direction] 8 
knots [force]”. As an example, during the departure and arrival phases which each last 
around 10 min, pilots and ATC exchange around five interactions. 

Commercial aviation pilots and air traffic controllers pass severe tests regarding their 
physical and psychological aptitude (including hearing). General Aviation however is 
less restrictive. Regulations vary between different countries, but generally, there are 
limitations regarding piloting for people with impairments. In France, light aviation pilots 
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with hearing or speech impairments (HSI1 ) are currently allowed to fly in controlled 
airspace with a second pilot handling voice communication with ATC. They developed 
an alternative communication strategy where the second pilot transcribes audio messages 
on a whiteboard. Yet HSI pilots are not allowed to fly independently. However, an 
innovative silent interaction between an HSI pilot and ATC could be achieved through 
the use of digital media. 

Sensory substitution devices offer a way for a person with impairments to overcome 
their disability. The sensory experience that these devices allow is not that of degraded 
perception, but of a new experience. The loss of one sensory function can be compensated 
for conveying missing information through an intact sense (Kristjánsson et al. 2016). 
Safety, Usability and User Experience are crucial concepts when designing new devices 
especially in the aeronautical context. Pilots face specific challenges from the need to 
control complex systems in a multitask environment which requires prediction in an 
uncertain world. The inter-related concepts of situation awareness and workload are 
central to aviation psychology. Three components of situation awareness are spatial 
awareness, system awareness, and task awareness (Endsley 1988). Task management 
is directly related to mental workload, as the competing demands of tasks for attention 
exceed the operator’s limited resources. When designing new systems special attention 
should be paid to avoid loosening this element. 

FANS4all (future air navigation systems for all) is an association created in 2017 
to support French HSI pilots to be included by the French Civil Aviation Authori-
ties (DGAC). In collaboration with its research partners FANS4all aims to define and 
implement a solution that allows HSI pilots to fly independently. This collaboration is 
multidisciplinary, combining engineering sciences with human and social sciences. It is 
supported by several public and private partner institutions, and several piloting clubs. 
HSI pilots are involved in the design process as end users and co-designers. 

Figure 1 shows an overview of the different activities of the project. Following 
situated and distributed approaches to communication, cognition, and action (Hutchins 
and Klausen 1996; Theureau 2010), we analyse the piloting activity in the more global 
activity system to which it belongs and of which ATC is part. The development of a 
Multimodal Sensory Communication Device (MCSD) should allow the HSI pilot and 
air traffic controller pair to co-construct the meaning of the ground-aircraft messages in 
an efficient and safe way for the air operations required in the context of flight. We are 
particularly interested in shared sensemaking to identify the meanings constructed in situ 
(Weick et al. 2005) and the modalities of action that develop in the context of deafness. 
In our project we use complementary qualitative approaches (auto-confrontation) and 
quantitative approaches. In this paper, we present the part of the Fans4All project which 
we have worked on until now (marked in orange in Fig. 1) and our methodology for 
enabling more accessibility in aeronautics.

2 Related Work 

Deaf people largely rely on the use of sign language for spoken information. One way to 
support this through technology is using sign language datasets (Bragg et al. 2021). An

1 We use the term HSI instead of DHH (deaf or hard of hearing) because FANS4all project is 
also directed at people/pilots with speech difficulties. 
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Fig. 1. Overview of the Fans4All project. Parts of the project that have already been addressed 
and are presented in this paper are highlighted in orange.

alternative is the generation of sign language avatars (Brock et al. 2020). Yet not all HSI 
people speak and understand sign language. Nonverbal sounds, such as environmental 
noise, can be presented to HSI users through visual or tactile modalities. For instance, 
sound has been represented on a wrist-worn tactile prototype (Jain et al. 2020). Recently, 
Jain et al. (2021) have proposed a taxonomy for making nonverbal sound in virtual reality 
accessible to deaf and hard of hearing users. 

To our knowledge, few works have explored accessibility in aeronautics. Blind pilots 
in France use the soundflyer, a sonification system which sonifies two dimensions of the 
aircraft attitude, i.e., pitch and bank angles. This sonification consists in modulating the 
features (i.e., frequency, rhythm, inter-aural balance) of a sinusoidal pure tone which is 
continuously displayed to the pilot via his headphones (Valéry et al. 2017). In contrast 
to these technological advances for blind pilots, no system is used for HSI pilots to the 
best of our knowledge. 

3 Design Methods 

In this work, we apply a participatory design approach, involving end users in an itera-
tive process. Fans4All currently has approximately 15 HSI members. Two HSI pilots are 
closely involved throughout the design process and hence co-authors of this paper. More-
over, we involved flight instructors, and Air Traffic Controllers, as well as members of the 
DGAC, and the design team, during different workshop from design to flight simulator 
assessments. 

FANS4all applies a design approach using four successive steps. The four steps are 
gradually increasing use of sensory substitution and consequently autonomy of pilots, 
with the goal for a fully independent flight in 2030. Each step includes laboratory work, 
user studies in a simulator and finally in a real plane. To study the piloting activity, we 
developed with the support of pilots a set of scenarios which treat a part of the flight 
situations which the pilots meet most frequently: e.g., runway pattern, exit or integration 
of air zones, or breakdown. These scenarios then serve as a basis to compose flights in 
flight simulators by varying the complexity of the flight experience.
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Fig. 2. Pilot in the flight simulator with the MSCD (tablet attached to the knee and haptic vest) 
and EEG used for experimental studies 

3.1 User-Centered Multimodal Sensory Communication Device (MSCD) Design 

The MSCD is composed of a tablet (Fig. 3) coupled with a haptic vest (Fig. 2) that 
directs the wearer towards the tablet when it vibrates. As part of the development of the 
MSCD, our objectives were 1/to create a visual transcription of verbal ATC messages 
(Text to Form protocol), 2/to create a way to compose messages. To do so we label the 
pilots’ messages with keywords, thus allowing us to create buttons with short labels on 
the tablet. 

Studies about the perception of signs are numerous, and sometimes contradictory. 
Some explain that reading a symbol is faster than reading a text (Velichkovsky et al. 
1997), but some more recent works says that understanding a text is faster than under-
standing a symbol (Shinar and Vogelzang 2013). In any case, the latter survey suggests 
that reading speed increases with familiarity with symbols (a symbol proceeds from a 
semiotic break with what it represents (Bougnoux 2001), and in fact requires a learning 
phase). Moreover, lab studies generally do not reproduce factors, such as turbulence or 
noise which undoubtedly modify the capacity to apprehend texts. 

Regarding the co-production of scenarios, we first identified the corresponding aero-
nautical phraseology. In a second step, we co-developed (with hearing pilots, HSI pilots, 
and ATC) a visual representation of this phraseology. 

An iterative method was used for developing a catalogue of symbols. 
Concerning the creation of buttons, the card sorting method (Wood and Wood 2008) 

was used to organise and categorise pilots’ knowledge. An optimal information archi-
tecture was selected by the pilots during a participatory workshop. Finally, regarding the 
labels, an online MCQ was used a few weeks later to check correct understanding of the 
labels. 

A bottom-up information architecture was developed respecting the visual logic of 
the cockpit. Consequently, the flight phases are located at the bottom of the interface and 
the sub-phases are located on top. We also labeled the buttons with keywords that pilots 
are familiar with. Pre-filled buttons divided into two columns allow pilots to send requests 
to ATC or allow readback (repeating what a controller says to indicate that the pilot has
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understood what he asked). Moreover, a chat allows to display the discussion history 
between the controller and the pilot. The header provides emergency buttons. Finally, 
Automatic Terminal Information Service (ATIS) can be consulted at any time during a 
flight. ATIS is a vocal message containing essential information, such as weather, active 
runways, available approaches and any other information needed by pilots. Pilots usually 
listen to ATIS before contacting control, which reduces ATC workload and decreases 
frequency occupancy. Yet since this is an audio-based service it is currently not accessible 
to HSI pilots. We developed an accessible ATIS application which has been presented 
in (Brock et al. 2022). 

Fig. 3. MSCD tablet interface (left) ATIS application, (middle) taxiing interface, (right) alignment 
on the runway 

To create haptic salience and haptic messages, we made use of “Tactons” which are 
vibro-tactile messages defined through frequency, amplitude, waveform and duration of 
a tactile pulse, plus body location (Brewster and Brown 2004). We used a haptic vest 
with 2 × 20 vibrating motors in the back and front. We implemented a pattern to attract 
attention which consists of a sequence of 2 vibrations of 1 s each, with all front and rear 
motors at 80% intensity (medium feel) at a 200 Hz constant vibration frequency. The 
pattern for throttle-up message consists of an 8 s sequence of 5 similar vibrations of 1,5 
s each, with all front and rear motors at 100% intensity (maximum feel). The repetitive 
vibratory pattern starts from the center of the back, widens outwards, resumes on the 
outside of the front face and ends in the center at the front. 

3.2 Methodology for Simulator Studies 

Flight simulator experiments were conducted to evaluate the MSCD design. A set of 
elements were collected through diverse sensors (flight parameters, EEG & ECG data, 
and various video recordings such as 360° camera, tablet screen capture, etc.). Each 
simulator session was composed of flights with the MSCD prototypes and control flights
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with a radio copilot as used in real piloting activities. At the end of these simulations, we 
proceeded to survey battery assessing subjective Workload with NASA TLX (Hart and 
Staveland 1988), subjective Situation Awareness with SART (Selcon and Taylor 1990), 
Usability and User-experience respectively with SUS (Brooke 1996) and CSUQ (Lewis 
1995) to obtain subjective quantitative indicators (summary in Table 1). 

We also led self-confrontation through a re-enactment using material traces of the 
activity (Theureau 2010) assisted by video replay of the flight to co-produce qualitative 
feedback with the pilots. We ended the process with a semi-directive interview accom-
panied by wireframes to record feedback on the modification of the interfaces (Figs. 4 
and 5). This methodological assembly allows us to cross a macro vision of the flight 
experience with more precise elements and moments of this same flight. 

Fig. 4. Mosaic showing self-confrontation method and material 

Fig. 5. Photography showing a self-confrontation session
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Table 1. Experimental Protocol with different conditions and measurements 

Quantitative Qualitative Caption 

Objective ECG SALIANT Workload 

EEG Situation Awareness 

Flight parameters Usability 

Subjective NASA TLX Self-confrontation User-Experience 

SART Sense-Making 

SUS Semi-directive interview 

CSUQ 

4 Results of Analysis from the Self-confrontation Interviews 

Five principal dimensions of analysis have emerged from the self-confrontation: 

1. Communication, an additional workload: For HSI pilots, the task of communi-
cation appears to be an additional workload during the management of their flight, 
which they previously delegated to the radio pilot. This element of analysis raises 
questions about the training for this communication work and for the used device. 
A training device is planned to be developed once the MSCD is functional. 

2. Vision, a sense that should not be overloaded: VFR (“visual flight rule”) expects 
to lose as little as possible visual contact with the aircraft’s environment. As the 
tablet was attached to the pilots’ thighs, simulation tests show deviations, altitude 
variations, etc. of the flight trajectory while pilots were reading or composing a 
message. It is also necessary to think about the trajectory of the gaze from tablet to 
flight instruments and what is happening outside, to facilitate the management of 
information and the manipulation of the communication and piloting tools. 

3. Communicational temporality and action: Take-off and landing require partic-
ular attention and mobilise the pilot’s body. The writing time on the tablet seems 
long compared to the actions expected in these phases of flight. We should not 
underestimate the work of “data entry”. 

4. From reading the message to understanding the situation, a multidimensional 
work of meaning co-production: The phraseological statements do not determine 
the meaning of the situation by themselves. This emerges from the context, i.e., 
from the interactions between the individuals and the material, social, linguistic, and 
cultural resources at their disposal. Concerning the interface of the tablet, we noticed 
that the possible answers proposed (and displayed on the screen) can cause inferences 
in the comprehension of the message which the pilot answers. The phraseological 
statement and its matched response collation must be considered in relation to the 
“question-answer” pair and other information sources that may confirm or refute 
understanding of the message and the situation. 

5. From situations to communicative perception: The tests of the haptic messages 
were conclusive in terms of attentional attraction for all three pilots who tested it. The
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pilots easily understood that they had to look at the tablet screen because an update 
of the displayed information required their attention. For a throttle-up message the 
results varied, from “I haven’t felt the vibration”, to “I totally understood”. The 
approach phase requires much more attention from the pilots, who must control 
many parameters and intervene much more for trajectory control. Knowledge of 
the flight area, the number of hours of flying practice and experience of flying in a 
controlled area are all parameters that influenced the perception of the message and 
should be considered in the future. 

5 Conclusion and Perspectives 

This paper presents an overview of the current and past activities of the Fans4All project 
which aims to make aeronautics more inclusive for pilots who are hearing and speaking 
impaired. We present our user-centered and iterative design approach, using qualitative 
and quantitative approaches, as well as the developed MSCD prototype composed of 
a tablet and haptic vest. This methodological coupling allows us to combine general 
evaluations of each simulation (and to make comparisons between them) with a more 
detailed understanding of each of them. 

In the future it will be interesting to include further devices in the MSCD, such as 
head-up displays, or Augmented Reality Glasses, as suggested in Fig. 1. We are currently 
also working on a tablet which will be used by ATC to communicate with the pilots’ 
MSCD tablets. 

We will also conduct further experimental studies with HSI and hearing pilots. Pilot 
studies with the tablet show incompatibilities (or at least complications) between read-
ing/composing a message on a tablet and landing the plane while pilots need both hands 
to manipulate the plane. Perspectives include testing a small joystick fixed on the air-
plane’s control stick to compose messages, integrating a screen situated in eyesight in 
the cockpit, or installing a portable screen device closer to the top of the cockpit. 

Concerning the development of visual semiotics, the work on the “Text to Form” 
protocol will continue to progress as new scenarios are developed. We will test the 
capacity of this visual language to translate more and more complex messages and 
situations. Moreover, the next developments will consider sign language in its syntax, 
but also in its visual aspect. 

The haptic vest which was used to attract attention and provide “throttle up” alert 
messages, has moreover shown its limits. In the future, we will consider adaptation to 
morphology, characteristics and distribution of motors and vibrations, and the unique 
haptic modality. Complementary approaches on the haptic part of the MSCD aim at 
exploring other vibratory patterns (notifications, phraseology elements, alerts) and other 
interaction modalities (bone conduction, kinesthetic rendering, other vibration modes). 

With this project we hope to contribute to making aeronautics more accessible. The 
outcomes obtained during the Fans4All project for HSI pilots will moreover be applicable 
to hearing pilots of General Aviation (and maybe commercial aviation) who no longer 
meet the regulatory medical requirements for hearing due to ageing or hearing loss, to 
define a backup device that can be used when the radio link with ATC or ATIS is broken 
and to define a device that can improve situational awareness and reduce occurrences of 
« inattentional deafness».
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Abstract. This paper discusses the potential of applying generative design to 
assistive devices. The concept of a cyber-physical human system is presented. 
An example case of generative design to explore innovative design solutions 
with novel features is presented. Outstanding challenges and gaps in research 
are discussed. 

1 Introduction 

Users of assistive devices represent a continuum of abilities (Cook and Polgar 2008), 
from those with slight to moderate disabilities with more general needs to those with 
more severe disabilities with unique and specific needs. An assistive device (defined by 
the federal Individuals with Disabilities Education Act of 1990) may therefore function 
well for one group of users but poorly for another group. Further adding to the challenge 
is that the capabilities will vary not only across. Different populations but also change 
for individuals as their needs evolve over time. 

This makes the design of assistive devices to fit particular needs a special challenge. 
User centered methods that involve users at various stages of the design process are 
common to help get the right mix of features and functions as well as testing. These 
approaches are used for unique and specialized conditions as well as more general ones 
where a more universal solution appropriate for a wider variety of users can be found. 

The process from beginning to final product can be slow to yield a product that must 
find success in a segmented, niche market. Further, as new technologies and innovations 
become available, they can be slow to be widely integrated into new designs. Innovations 
with large changes are riskier and can take more time to develop with unpredictable 
impact on user acceptance. 

Assistive devices often then go through an elaborate but mature process of match-
ing a user to an available device that meets their needs and capabilities. It generally 
follows eight main steps (Kairalla et al. 2016): Referral and Appointment; Prescrip-
tion; Product Preparation; User Training; Assessment; Funding and Ordering; Fitting; 
Maintenance, Repairs and Follow-Up. There are also many actors involved at different 
stages, including providers (physicians, physical/occupational therapists), payer (pub-
lic/private insurers, government), suppliers (device manufacturers, resellers), and the 
clients (patients, caregivers or employers). 
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While the process seeks to find a good match, abandonment is still common. This 
can result from a functional match that is not ideal, to other complex issues of perceived 
stigma, aesthetics or other preferences (Sugawara et al. 2018; Dos Santos et al. 2022). 
All of the complexity leads to opportunities for improvements and efficiencies in the 
process of design and delivery, especially for transformative design innovations or incre-
mental incorporation of new technologies such as smart devices, assistive robotics and 
novel human/machine interfaces (e.g. brain-computer interfaces, eye tracking and facial 
gesture recognition) (Dicianno et al. 2019), wearable computing devices, or “Internet of 
Things” (IoT) devices and applications (de Domingo 2013; Rosen and Choi 2021). 

The rest of this paper discusses proposals for meeting some of the opportunities and 
challenges. In particular we explore the potential of leveraging generative design for 
novel, customized engineering solutions for assistive products based on its foundations 
in product service systems and cyber physical human systems (CPHS). We also discuss 
the significant challenges of maintaining the voice of the user in such systems to evaluate 
the likely usability and appropriateness of generated designs. 

2 CPHS, Generative Design and Assistive Devices 

The starting point here for generating design solutions lies in the field of Cyber-physical-
social systems (CPSS). These are typically considered as an evolution of cyber-physical 
systems to include human interactions; further it is thought that interactions among 
humans through CPSS can lead to emergence of social or community structures and 
behaviors (Yilma 2021). We can identify a subset of CPSS as cyber-physical-human 
systems (CPHS) as smart products that offer services its customers, supported by back-
end systems (e.g., information, finance) and possibly other infrastructure. That is, CPHS 
are scoped to the individual and their interactions with the physical and cyber systems. 
This emphasis on the individual is not meant to lessen the importance of the social and 
community aspects of CPSS, but rather to reduce the research scope to individual human 
interactions without the complications arising from social (human-human) interactions. 

Generative design of CPHS refers to the generation of many alternative designs 
that designers or customers can consider during early design stages (Autodesk 2022). 
The term “generative design” takes its meaning from the current geometrical design 
generators that resemble topology optimization solvers (Bendsoe 1995). Applied to 
CPHS, generative design has an expanded meaning that generates product configurations 
and layouts; software, computation, and communications systems; and user interfaces 
and interactions. 

“Human” in CPHS refers to the goal of designing user/customer experiences and user 
interfaces, ensuring user acceptance, and, overall, ensuring that users gain value from 
the CPHS. This is consistent with the objectives of product-service-system (PSS) design 
but, we believe, encompasses additional considerations. Service design can be included 
under user/customer experiences and value gained. The motivation is the idea that a com-
mon design methodology can be developed for CPHS including smart products, prod-
ucts through which extensive services are delivered, and even intelligent manufacturing 
systems. 

Generative design is used currently for topology optimization based software that 
synthesizes part shapes given structural design requirements. The software explores the



Exploring Generative Design for Assistive Devices 161

design space to generate many potential solutions through which designers can browse 
and select designs to engineer and optimize further. These software systems incorporate 
some manufacturing constraints or allow the designer to specify a target manufacturing 
process. Outputs from generative design software are one or more geometric part models. 

We believe that a broader perspective on generative design enables the solution of a 
much wider range of design problems, specifically CPHS design. However, for CPHS 
design, or even the design of assemblies, a different foundation is needed, one that 
reasons about product architectures, including function-form relationships. Additionally, 
design entities (components) should denote software modules, service elements, physical 
components, modules, and other constituent elements that comprise CPHS. 

One aspect of this broader perspective on generative design is the capability to gen-
erate design configurations. That is, configuration design encompasses the selection of 
constituent elements, their connections and logical and spatial relationships, and their 
hierarchical organization. While conventional optimization explores design spaces that 
are subsets of Rn (i.e., design variables are real-valued dimensions and attributes), config-
uration design operates in large combinatorial design spaces where the analogs of design 
variables are discrete choices of constituents or relationships between constituents. Each 
element of such design spaces is a design configuration, that is, a collection of elements 
with relationships that may represent a partial or complete design solution. These design 
spaces have been described and utilized for product family design in our earlier work 
(Siddique and Rosen 2001; Hansen and Rosen 2019). Since each design space element 
can have associated attributes and/or dimensions, each element represents its own con-
tinuous design space (subset of Rn). As a consequence, configuration design spaces are 
large-scale mixed discrete-continuous spaces (called mixed-discrete). 

To get a sense of the structure of such design spaces, consider the combinatorial 
space defined by selecting collections of constituents from a set of 5 components. That 
is, each design space element is a subset of the 5 components. This collection of sets 
of subsets can be arranged hierarchically in a subset-superset lattice as shown in Fig. 1. 
This type of hierarchy is a partially ordered set, ordered by the subset relationship. More 
generally, elements of design spaces can be considered as graphs, where the relationships 
between constituents are modeled as edges of a graph, and the ordering relation is by 
subgraph.

These combinatorial mixed-discrete design spaces are presented here to highlight 
the importance of defining the design space before developing methods to search for 
design solutions. Discrete mathematics, including set theory and graph theory, can be 
applied. Combinatorics can estimate design space size. Further, design requirements 
should be modeled such that feasible regions of the design space can be identified and 
distinguished from infeasible regions. Search and sampling methods should be guided by 
the underlying mathematical structure of the design space, and should avoid infeasible 
regions. Generative design of CPH systems incorporates much beyond configuration 
design as outlined here. But configuration design serves as a significant element of the 
larger design challenge.
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Fig. 1. Partially ordered set of all subsets of (Amrehn et al. 2019; Autodesk 2022; Bendsoe 1995; 
Brooke 1996; Brooke 2013)

These ideas can be applied to an example of a wheelchair (WC) CPHS family design. 
This starts with an identification of the highest level functions that the proposed WC 
family will perform. These include Transport Patient, Monitor Patient, Diagnose Patient, 
Monitor WC, and Maintain WC. Of these, the primary function that will be common to 
all CPHS’s in the family is (of course) Transport Patient. An example view model for this 
function is shown in Fig. 2, with a top-level Receiver State Parameter (RSP, indicator of 
customer value) of Safe & Secure Mobility identified. Associated with each sub-function 
is either a more specific RSP or a Function Parameter (FP). To support design of a family 
of WC CPHS’s, usage scenarios have been developed for WC maintenance, user health 
monitoring, health interventions, etc. with resources identified to provide requirements 
for the future WC CPHS family. 

At present, companies offer services to select and fit a WC to a patient, maintain the 
WC, and upgrade it with new capabilities. These services are provided through phone 
calls, websites, and technician visits. By adding sensors to the WC, we believe that 
additional services can be provided. Furthermore, these services will be delivered through 
websites with considerable back-end information technology (IT) that collects sensor 
data, analyzes it, and notifies appropriate personnel when the need arises. The back-end 
IT infrastructure could take the form of a database that requires humans to periodically 
check sensor readings, plus digital twins of each WC and patient to keep their states 
up-to-date, along with some decision making capabilities to notify technicians, physical 
therapists, occupational therapists, caregivers, or physicians, as appropriate. 

Further, patient needs can be analyzed, and some service scenarios proposed. While 
these are developed, corresponding WC components should be identified as resources to 
enable them. A basic service could include periodically notifying the patient’s caregiver 
that the WC should be inspected, where the notification could be a phone call or text 
message. An alternative is to monitor WC status through sensors on the WC and identify 
maintenance needs through condition-based monitoring. Then, either the caregiver could 
be notified or a repair technician could be notified to arrange a visit to fix the WC. Services 
related to the patient could be similar; sensors on the WC could monitor patient vital signs 
(e.g., pulse-oxygen sensor) or their operation of the WC. If their ability to operate the
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WC seems to be degrading, then messages could be sent to their occupational therapist, 
physical therapist, or physician, as appropriate. 

3 Research Gaps and Proposed Approaches 

While there are many potential benefits, there are also many gaps that span multiple 
disciplines. Imagine a generative design system that provides an interface that allows a 
user (business, care provider, patient) to define a device by selecting various features. 
These can be mechanical (materials, load tolerances, etc.), physical features/functions 
(interfaces, controllers, sensors, etc.) or services (monitoring features, communications, 
etc.). The system takes the specifications and searches through all of the potential com-
binations and presents the user with possible customized solutions from which to select 
that fit the provided criteria. 

3.1 Managing Design Evolution and Complexity 

Methods for generating variety and customizing products are available in the product 
family design literature. They need to be extended to address the complexities inherent 
in CPHS. One specific issue to be addressed is which subsystem would support the most 
granular customization capabilities. Typically, it is easiest to customize software (i.e., 
the cyber subsystem), but this may not lead to the most usable products for certain types 
of customers who may require customized physical subsystems.

An interesting issue arises when we consider a CPHS learning over time, or further, 
how a CPHS family may evolve over time. Considerations of CPHS variety during the 
design stage may greatly underpredict the range of behaviors that individual CPH prod-
ucts may learn after long usage by a customer. Designers may foresee some emergent 
behaviors among CPHS and their users, but not others. The likelihood of missing emer-
gent behaviors in the second or third CPHS generation, for example, falls significantly 
from the design stage of the first CPHS generation. Significant research is needed to 
understand the issues surrounding emergent behaviors of CPHS, particularly as they 
evolve. Such understanding is a prerequisite of research on methods to predict these 
behaviors and of design to enhance or mitigate them. 

A large variety of designs presents other issues. How can the system intelligently 
sort through thousands upon thousands of potential combinations and know which to 
present as potential solutions? In particular, the system will need some way to assess the 
likely usability of a generated design and be able to discard solutions which would not 
be acceptable. 

From a broad perspective, analysis of CPHS and their cyber-physical subsystems is 
straightforward since these are technical constructs. Cyber systems can be designed and 
analyzed using the principles of computer science and software engineering. Physical 
products can be analyzed using engineering principles. However, human subsystems are 
not easily analyzed before prototypes of products are available.
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Fig. 2. Function hierarchy for transport patient service, with functional parameters
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3.2 Human Voice and Assessing Usability 

New knowledge is needed about assessing usability of and human responses to CPHS 
during their design. This is particularly critical when designing assistive devices. It is 
not good enough that they simply function. A look into the topic of abandonment will 
quickly discover examples of devices that seem to be designed ‘well’ but are rejected 
at high rates because they are institutional looking, generate stigma because they draw 
unwanted attention, or that might be desirable and functional but simply make tasks a 
hassle to perform. Without addressing these types of issues a generative system is likely 
to perpetuate similar problems with all of the same associated costs to users, insurers 
and providers. 

Decades of research on user-centered design and human-computer interaction have 
been augmented recently by human-robot interaction research. There has been some 
progress in the area of automated usability evaluation. However, most of the work in 
‘automated’ testing has been focused on streamlining and automating the collection of 
data from testers. Generally, usability testing involves recruiting users to use a prototype 
to perform a task. Information related to the level of usability (effectiveness, efficiency, 
satisfaction) are collected via a standardized instrument, such as the System Usability 
Scale (SUS) (Brooke 1996, 2013; Lewis  2018). Most work focuses on automated col-
lection, management and analysis of this data, but still requires engaging users to test 
each design. 

There has been sparse research into methods of programmatically assessing usability 
using existing data sets, guidelines or heuristics without the direct involvement of users. 
There is a need to identify methods that are able to quickly assess hundreds or thousands 
of design possibilities and rank them similarly to how they would be with a human data 
driven tool such as SUS. 

Some work in this direction has been done within very specific contexts, such as 
usability evaluation of new interfaces for image segmentation systems, such as those 
used to identify anomalies in medical scans (Amrehn et al. 2019). Another example 
is the use of a specialized system that uses computer vision to identify elements of a 
physical interface (a thermostat), infer the function of each element, and apply heuristic 
rules to assess the likely level of usability (Ponce et al. 2018). 

A generalized approach for fully automated usability assessments is yet to be 
explored. Other fields may contribute to CPHS design, including behavioral psychol-
ogy and behavioral economics. Both fields seek to understand how humans behave and 
make decisions under various circumstances. One research direction may be to develop 
behavioral simulators based on defined personas and existing pools of user collected 
data that capture shared characteristics of specific user groups. These simulators could 
be agent-based or based on system dynamics and ideally simulate interactions between 
the CPHS being designed and each persona that has been defined. Another direction is 
in the application of machine learning methods. Methods such as Convolutional Neural 
Networks (LeCun and Bengio 1995) could perform well at identifying usability problems 
based on heuristics or structured rules. Another direction may be assessments based on 
Monte-Carlo type simulations to generate distributions of likely behaviors, from which 
higher level assessments of usability, acceptance, and value could be ascertained.
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3.3 Generative Design Alternatives 

To illustrate some aspects of generative design, we can consider alternative WC designs 
that result from the selection of different materials and manufacturing processes. If 
3D printing in metal were considered, then complex, optimized frame geometry could 
be generated, such as that shown in Fig. 3a. On the other hand, 3D printing in polymer 
could be used to generate different designs. Two alternative concept sketches are shown in 
Figs. 3b–d, which show a bulky structure (plastics are not as stiff as metal) for the frame in 
the operating (Fig. 3b) and folded configuration (Fig. 3c), assuming conventional joints 
among the parts. In contrast, Fig. 3d shows an alternative with compliant (bending) 
hinges. Large configuration design spaces with various frame, joint, and other WC 
components may be defined in a straightforward manner. 

Fig. 3. Wheelchair design concepts, including a) metal 3D printed optimized frame, b) plastic 
frame with pin joints among parts, c) plastic frame in folded configuration, d) plastic frame with 
compliant joints among frame segments 

Another design consideration is the need to provide customized control designs 
such as joysticks, tongue-drives, etc. for specific patient conditions to control speed 
and direction. Other components with different features may be added in order to allow 
the generation of designs including them. They just need to be added to the system 
in such a way that all of the inputs, outputs, physical relationships and other required 
criteria (power requirements, physical connections, available materials, etc.) are defined 
in relation to other possible components. With a catalog of available components many 
alternative designs that use one or more of these devices can be developed.
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The process of generating the design alternatives is conceptually straightforward. 
Only the desired functional attributes need to be specified for the product output. The 
system then can consider all of the possible combinations based on the available library. 
There may be multiple control schemes that are highly desirable. Each might have differ-
ent input/output requirements and each option result in different possible combinations 
of other supporting components. More available components and more requested fea-
tures can result in exponentially larger combinations of design possibilities (of both 
components as well as their physical arrangement). 

This huge selection of alternatives is one of the chief barriers to such a system. On 
one hand, a generative system can consider far more possibilities, and very different 
combinations, than a human designer ever would be able to. Many of these designs 
could potentially be quite innovative or radical since the relative speed of the system can 
consider paths that are outside of the realm of more comfortable incremental changes. 
On the other hand, if the system generates millions of possibilities there is little chance 
that anyone would see and select one of them as a potential design. This is part of the 
issue described in Sect. 3.1. The other related issue is emergent behaviors. When many 
components are integrated, the way that they work together can collectively lead to 
features and functionality that are not directly provided by any single component but 
emerge as a result of how they operate in relation to each other. These features can be 
very (un)desirable. Current generative systems can easily check that components satisfy 
all inputs, outputs or physical requirements between individual components, but they 
are not currently able to understand functions that can arise from collective operation. 

The other critical barrier is in the area of user acceptance and usability. The same 
issue of millions of choices is at play here. Ideally, if a potential design is functionally 
feasible, the next step would be to get an idea of how likely it is to be usable and 
acceptable. Unlike an automated functional assessment, there are currently no good 
options for automatically assessing usability. This kind of evaluation should implement 
checks to ensure that any design conforms to known good practice design heuristics, 
such as rules for human-computer interaction or proper arrangement of physical controls 
and displays. This way designs that may violate known human factors considerations 
can be ruled out. 

It is important to note that automated usability assessment as described here would 
not be a replacement for actual testing. However, some system would be needed to 
ensure human requirements are considered since it would be impossible to mockup and 
test all the possibilities generated. An automated usability assessment would serve as 
an effective filter. A method for assessing the possible usability or acceptability of a 
generated concept does not yet exist, as compared to a technical assessment. 

4 Conclusions 

The system described is still an idea, yet many of the prerequisite technologies and 
systems already exist. Work is ongoing to overcome the barriers. If these issues can be 
solved, it will be possible to imagine benefits to AT producers (not only of wheelchairs): 
better provisioning, higher satisfaction and possibly better function. A further integration 
into so called Industry 4.0 processes can be imagined encompassing many technologies
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from internet of things, cloud computing, additive manufacturing and other technolo-
gies that have an impact on manufacturing. If the components in the generative system 
are compatible with an automated manufacturing process, it might allow for the spec-
ification, ordering and manufacturing of bespoke assistive solutions to be integrated 
into the provisioning process, potentially bringing innovative solutions that are a better 
functional and preferential fit for users. 
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Abstract. This work describes the application of user-centred design (UCD) and 
co-creation tools in the design and development process of an online toolkit that 
aims to tackle the digital divide in the mobility sector. UCD and co-creation 
approaches aim to address and understand users’ needs. This paper details the 
process of co-creation of the toolkit and reflects on its current results. The design 
process was based on a first phase of understanding the context and defining the 
users and their needs, followed by a second phase of co-creating the solution and 
a final phase of evaluating and testing the toolkit usage and co-creation process. 
A set of mixed methods employed based on UCD and involving different target 
groups as end-users has resulted in qualitative data that will feed and strengthen 
the process of co-creation and the final implementation of the toolkit. Beyond 
the set of tools presented on the website, the approach followed promotes co-
creation, collaboration, and participation as key elements to enhance inclusion 
and accessibility in mobility ecosystems. 

Keywords: Toolkit · User-centred design · Co-creation · Inclusive design 

1 Introduction 

Digital development is causing a paradigm shift in mobility as in other areas of our 
daily lives. However, it may exclude those who do not have the digital skills or access 
to infrastructure, leading to greater social inequalities may and limit sustainable urban 
development in different dimensions. Some groups – such as people with low levels of 
education or with low income, elderly people, rural inhabitants, migrants, or disabled 
people (DIGNITY 2020) – may be vulnerable to exclusion due to their limited access 
to and use of this technology. 

Scientific literature identifies various digital gaps in digitally complex mobility sys-
tems, which prove that large parts of the population cannot access or properly operate 
in the current transport services, lacking the means or the required knowledge and skills 
(Hoeke et al. 2020). Understanding and promoting how to integrate inclusiveness in dig-
ital mobility services is one of the research objectives of the DIGNITY H2020 initiative, 
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a European initiative funded as part of the European Union’s Horizon 2020 research and 
innovation programme. 

Co-creation helps to understand and address users’ needs by involving target users 
during the design process. It is a term whose usage and application have increased in 
many interdisciplinary fields. Co-creation indicates new modes of engagement between 
people to either create shared value or unleash the creative potential of diverse groups 
(Rill and Hämäläinen 2018). This definition is aligned with the aim of the DIGNITY 
project, which considers the diversity of people with a view to an inclusive mobility 
system. 

Several methodologies were analysed and evaluated to contribute to the design of a 
tangible output: an educational toolkit addressed to different stakeholders, such as pol-
icymakers, researchers, and mobility providers, targeting different levels in the mobil-
ity ecosystem to meet the needs of potential target users, especially the vulnerable-to-
exclusion groups. According to the American Library Association’s (n.d.) definition, 
toolkits are meant to offer practical advice and guidance regarding an issue of concern 
or importance – especially when the issue is emerging or evolving, and well-established 
processes for addressing it are not yet widely adopted. 

This paper details the design process and implementation of a co-created digital 
toolkit. Specifically, a combination of methods, such as interviews, benchmarking, and 
prototyping, among other tools, have been used during the process. These have been 
essential to identify targeted groups’ needs and to co-create the toolkit with several 
relevant stakeholders. 

2 Methodology 

This research followed mixed research methods. The overall process included UCD 
methods to define and understand users’ needs in order to design an online toolkit. The 
phases followed are an integration of the DIGNITY approach, which is based on a three-
phase iterative approach. The three phases (framing, bridging, and evaluating) have been 
maintained since their aim fits this project, but some other tools have been adapted or 
replaced by others more suitable for this research. 

1. Framing: State-of-the-art analysis, which can help to understand the context, gather 
information, and define the users and their needs. 

2. Bridging: Building the solution through co-creating an online toolkit with relevant 
stakeholders by collecting meaningful insights and feedback. 

3. Evaluating: Evaluate the co-creation process, test the toolkit by making sure that it 
addresses users’ needs and helps to tackle the digital gap in the mobility ecosystem 
(Table 1).
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Table 1. DIGNITY toolkit methodology 

Phase Method Objective 

Framing Literature review Collect and synthesise research 

Toolkit benchmarking Identify relevant existing toolkits, highlighting their 
good practices and pain points 

Stakeholders map Define stakeholders involved during the co-creation 
process 

Interview Understand target users’ needs and requirements 

Bridging Co-creation workshop Obtain feedback from different stakeholders about 
specific topics 

Web architecture Definition of the structure of the website 

Interviews Co-create the proposal, and keep stakeholders updated 
about the development process 

List of requirements List of questions about design specifications 

Prototype Quick prototype of the toolkit website and its content 

Evaluating Accessibility evaluation List of recommendations based on guidelines and 
standards 

Review workshop Workshop to validate the DIGNITY toolkit proposal 

Feedback survey Adding feedback features to obtain feedback from 
target users 

3 Results on the Process 

An initial literature review was done to build a state-of-the-art analysis and find relevant 
concepts and insights regarding toolkits, inclusive design, and co-creation processes. 
Garcia-Lopez et al. (2019) presented their design process and implementation of a design 
knowledge and tools repository (known as Design Toolkit) following a user-centred 
design approach, which has proven to be successful in the educational field. 

After this first step, the benchmarking tool helped to identify several best practices 
of current toolkits. For this, an initial review was made of 16 existing online toolkits 
(highlighting their strong and weak points), of which 9 were selected for a deeper compar-
ison and analysis of their main characteristics (topic, targeted users, format, navigation, 
content, and functions). The toolkits analysed were Design Toolkit (Universitat Oberta 
de Catalunya n.d.), Design Kit (IDEO 2015), Service Design Tools (Tassi et al. n.d.), 
UNaLAB Toolkit - Tools for Co-creation (UNaLAB n.d.), Going Digital Toolkit (OECD 
2022), Delivering the circular economy: a toolkit for policymakers (Ellen MacArthur 
Foundation 2015), Inclusive Digital Mobility Toolbox (INDIMO 2022), Inclusive Design 
Toolkit (University of Cambridge Engineering Design Centre 2017) and Biomimicry 
Design Toolbox (Biomimicry Institute 2015).
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The result of this comparison showed that most toolkits with a wide range of methods 
and resources tend to have more complex functions and classifications (filter systems, 
content classified by stakeholders’ roles, duration, among others). Most of the toolkits 
analysed were addressed to specific targeted end-users, such as designers or policy-
makers. This specification translates into the need of a specific format and vocabulary 
adapted to each target group’s needs. Furthermore, all toolkits identified have an online 
website format, but some also provide downloadable versions, which can help to reach 
more users. This review also collected different functionalities, such as a web searcher, a 
translation button, user feedback questionnaire or social media share buttons. The most 
relevant function featured was an accessibility feature that allowed the user to change 
the text size or colour mode or reset the accessibility options placed in the home page. 

Next, a stakeholder’s map helped to identify relevant actors and target groups and 
to list the needs and benefits that each stakeholder could have regarding the DIGNITY 
toolkit. This mapping supported the selection of stakeholders to be interviewed, since 
the interviews conducted were a key insight-gathering tool. 

The first interview was conducted with a senior designer who has expertise in creating 
toolkits. He explained how they co-designed their toolkit, its impact, and its limitations 
throughout the process. Then, a series of interviews were conducted with potential tar-
get users previously identified: political and technical policymakers. An interview took 
place with a former policymaker with expertise in mobility and promoting participatory 
processes. This helped to collect insights about which content and data the toolkit could 
supply for her specific needs as a targeted user. Other interviews were arranged with 
technical mobility policymakers from five mobility organizations, which also helped to 
understand and define their needs and interests. 

These interviews confirmed the need to organise the content in different levels of 
deepness: a first overview of the tools highlighting the key information, and a second 
layer of information with all the content available related to the tool implementation 
process. Case studies were also suggested to be included by both interviewee profiles, 
due the importance of showcasing previous experiences to implement new strategies and 
tools. 

A co-creation workshop was essential to capture meaningful feedback from sev-
eral stakeholders. The workshop was carried out in Leuven, Belgium, and participants 
involved in it had different profiles: mobility operators and providers, policymakers, 
experts, and researchers. The workshop methodology followed was inspired by the World 
Café (2022). Participants were split into groups, and each group was assigned to a table. 
Each table had a facilitator who guided the discussion and collected the feedback. Par-
ticipants had to discuss four different topics: target users, content, format and design and 
inclusive design. 

Results were usually shared at the end of the session by the facilitators. The first 
topic helped to define the target users: policymakers, mobility providers, researchers, 
and vulnerable-to-exclusion’ representatives. Some of their needs and requirements were 
listed, such as involving different impact levels and departments of policymakers or to 
consider vulnerable-to-exclusion representatives since data and content can help them 
to put pressure to tackle the digital gap and create a lobby.
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The second topic covered aspects related to the content, such as the relevance of 
showing that the DIGNITY approach was iterative through a visual and interactive 
wheel figure placed on the home page’s website. It was suggested that it was crucial 
to share relevant data to create urgency to tackle the problem framed. Some content 
proposals that were similar to those made by the previous interviewees were mentioned: 
guidelines and templates for each tool implementation, case studies, a literature list, and 
quotes from target users during the co-creation processes. 

The third discussion topic highlighted the need for a format that could be simple and 
easy to use to ensure the engagement of users, allowing an early overview of what tools 
can provide. 

The fourth topic covered inclusive design. The main toolkit requirement mentioned 
was to be easy to navigate to the relevant information for a particular user by hav-
ing a clear understanding of target users’ needs. Functionalities and actions to ensure 
the accessibility of the toolkit were suggested by stakeholders, such as screen readers 
and contrast ratios tools. Other available resources to evaluate the accessibility were 
WCAG guidelines (Web Accessibility Initiative 2022) and the Inclusive Design Toolkit 
(University of Cambridge Engineering Design Centre, n.d.). 

All insights provided by the previous tools helped to define a first proposal of the 
web architecture, which provided the structure of the organised content. The process 
started by creating a content inventory through a mind map of the content considering 
feedback previously obtained from stakeholders. Then this information was grouped and 
labelled, according to the design requirements of the toolkit. After this first iteration, 
a new version was created in a collaborative online tool to co-create and evaluate this 
structure with several stakeholders. 

Another relevant tool used was a list of requirements (van Boeijen et al. 2014) which 
consisted of a set of questions based on Pugh’s checklist regarding different topics. 
This list helped to consider and debate with stakeholders some aspects that had not 
been previously considered throughout the design process topics such as the toolkit’s 
maintenance, costs, safety, testing and standards, among other requirements (Fig. 1). 

Fig. 1. DIGNITY Toolkit web architecture



174 N. Carmona et al.

3.1 Prototype 

The first prototype was based on wireframes that represented an early model of the 
design. Collaborative online platforms helped to co-create this prototype with stake-
holders involved, to build a proposal of how the toolkit should look and which content 
should it contain, which evolved into an advanced website design. 

The DIGNITY Toolkit will be an online platform that contains digital gap assess-
ment tools. The toolkit is targeted on policymakers, mobility providers, researchers, 
and vulnerable-to-exclusion’ representatives, but not excluding other target groups that 
could be interested in addressing the digital gap. 

To start navigating and explore the approach and tools, a visual and iterative wheel is 
displayed as shown below. The home page also includes relevant data about the digital 
gap to highlight its urgency. Other website sections included are ‘About’ (to describe 
what the toolkit is), ‘Tools’ (access to the phases and tools to tackle the digital gap) and 
‘Decision support tool’ (test to define which tools are more suitable to and end-user’s 
particular context and needs) (Fig. 2).

3.2 Further Steps 

To ensure the success of the DIGNITY Toolkit, it is essential to carry out an evaluation 
of the design process and implementation. The evaluation phase of this process has 
not been completed yet since the project is still ongoing and will be carried out during 
its final phase. The proposal for this phase is to perform an accessibility evaluation 
of the website. Co-creation workshop participants suggested W3C Web Accessibility 
Initiative (2022) as guidelines to ensure that the toolkit is accessible. These guidelines 
help to examine how well the accessibility criteria are met, taking the needs of all the 
stakeholders and target users into account. It is also important to consider experts and 
target users to ensure that requirements and users’ needs are met. 

A review workshop is also expected to display the results of the project, and to 
discuss outcomes and further exploitation considering feedback from stakeholders. The 
benchmarking helped to identify it as good practice to introduce a questionnaire to collect 
end users’ feedback and share their experience, so it should be incorporated. 

The toolkit will help regional governmental institutions and mobility providers to 
tackle the digital gap and create more inclusive policies, products, and services.
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Fig. 2. DIGNITY Toolkit prototypes: a) first prototype, b) latest prototype

4 Discussion 

Applying methods and tools based on UCD and co-creation approaches has demonstrated 
the added value of involving target users throughout the process. Co-creation results in 
an appropriate model to ensure the inclusion of diversity, focusing on ‘vulnerable-to-
exclusion’ groups during the design process, as it opens up a wide range of voices and 
experiences that would rarely be involved, and who probably matter the most. Moreover, 
the societal challenges we are currently facing, such as climate change, establish the need 
for setting co-creation and participation processes on the political agenda.
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Co-creation and UCD tools also help to improve products and services based on end-
users’ needs and desires, so this ensures well-targeted outputs. Additionally, costs and 
time were identified as limitations of co-creation processes. Co-creative processes are 
expected to have many iterations during the design, development process and evaluation 
of a product/service, which requires time. It depends on context: research and experts 
might be flexible with these limitations, but it can become more challenging for technical 
and political implications. 

5 Conclusions 

This research project has followed a three-phase process (framing, bridging, and eval-
uating), including a set of user-centred design tools to analyse the state of the art of 
toolkits and identify what characteristics and content the toolkit should have, consider-
ing stakeholders’ needs and design requirements. Overall, from a process perspective, 
co-creation has facilitated the toolkit’s design, considering the insights and design pro-
posals validated by stakeholders. So, co-creation processes have been useful and have 
favoured the inclusion of not just target users, but different stakeholders. 

Acknowledgments. This research was done as part of the Dignity project, which received funding 
from the European Union’s Horizon 2020 Research and Innovation Programme under Grant 
Agreement number 875542. 

References 

American Library Association: Toolkit creation guide. Yalsa (n.d.). www.ala.org/yalsa/sites/ala. 
org.yalsa/files/content/ToolkitCreationGuide.pdf. Accessed 18 Jan 2023 

Biomimicry Institute: Biomimicry toolbox (2015). https://toolbox.biomimicry.org/. Accessed 18 
Jan 2023 

DIGNITY: DIGNITY - Digital transport in and for society (2022). www.dignity-project.eu/. 
Accessed 18 Jan 2023 

Ellen MacArthur Foundation: Delivering the circular economy: A toolkit for policymakers (2015). 
https://ellenmacarthurfoundation.org/a-toolkit-for-policymakers. Accessed 18 Jan 2023 

Garcia-Lopez, C., Tesconi, S., Mor, E.: Designing design resources: from contents to tools. In: 
Kurosu, M. (ed.) HCII 2019. LNCS, vol. 11566, pp. 87–100. Springer, Cham (2019). https:// 
doi.org/10.1007/978-3-030-22646-6_7 

Hoeke, L., Noteborn, C., Goncalves, M., Nesterova, N.: DIGNITY D1.1 literature review. Effects 
of digitalization in mobility in society (2020). www.dignity-project.eu/wp-content/uploads/ 
2020/10/200519-D1.1-Literature-Review-Final.pdf. Accessed 18 Jan 2023 

INDIMO: INDIMO inclusive digital mobility toolbox (2022). www.indimoproject.eu/indimo-dig 
ital-mobility-toolbox/. Accessed 18 Jan 2023 

IDEO: Design kit (2015). www.designkit.org/methods. Accessed 18 Jan 2023 
OECD: Going digital toolkit (2022). https://goingdigital.oecd.org/. Accessed 18 Jan 2023 
Rill, B.R., Hämäläinen, M.M.: The Art of Co-creation: A Guidebook for Practitioners. Palgrave 

Macmillan, Cham (2018) 
Tassi, R., et al.: Service design tools (n.d.). https://servicedesigntools.org/. Accessed 18 Jan 2023

http://www.ala.org/yalsa/sites/ala.org.yalsa/files/content/ToolkitCreationGuide.pdf
http://www.ala.org/yalsa/sites/ala.org.yalsa/files/content/ToolkitCreationGuide.pdf
https://toolbox.biomimicry.org/
http://www.dignity-project.eu/
https://ellenmacarthurfoundation.org/a-toolkit-for-policymakers
https://doi.org/10.1007/978-3-030-22646-6_7
https://doi.org/10.1007/978-3-030-22646-6_7
http://www.dignity-project.eu/wp-content/uploads/2020/10/200519-D1.1-Literature-Review-Final.pdf
http://www.dignity-project.eu/wp-content/uploads/2020/10/200519-D1.1-Literature-Review-Final.pdf
http://www.indimoproject.eu/indimo-digital-mobility-toolbox/
http://www.indimoproject.eu/indimo-digital-mobility-toolbox/
http://www.designkit.org/methods
https://goingdigital.oecd.org/
https://servicedesigntools.org/


Fostering Co-creation Tools for More Inclusive Digital Mobility Services 177

The World Café World café method (2022). http://theworldcafe.com/key-concepts-resources/ 
world-cafe-method/. Accessed 18 Jan 2023 

UNaLAB: UNaLAB toolkit (n.d.). https://unalab.enoll.org/. Accessed 18 Jan 2023 
University of Cambridge Engineering Design Centre: Inclusive design toolkit (2017). www.inc 

lusivedesigntoolkit.com/. Accessed 18 Jan 2023 
Universitat Oberta de Catalunya: Design toolkit (n.d.). http://design-toolkit.recursos.uoc.edu/es/. 

Accessed 18 Jan 2023 
van Boeijen, A., Daalhuizen, J., van der Schoor, R., Zijlstra, J.: Delft design guide: Design strategies 

and methods (2014) 
Web Accessibility Initiative: Evaluating Web accessibility overview (2022). www.w3.org/WAI/ 

test-evaluate/. Accessed 18 Jan 20

http://theworldcafe.com/key-concepts-resources/world-cafe-method/
http://theworldcafe.com/key-concepts-resources/world-cafe-method/
https://unalab.enoll.org/
http://www.inclusivedesigntoolkit.com/
http://www.inclusivedesigntoolkit.com/
http://design-toolkit.recursos.uoc.edu/es/
http://www.w3.org/WAI/test-evaluate/
http://www.w3.org/WAI/test-evaluate/


Creating Inclusive Materials and Methods 
for Co-designing Health Information 

Technologies with People Who Have Down 
Syndrome 

R. E. Wood1(B), J. Lazar1, J. H. Feng2, and A. Forsythe-Korzeniewicz3 

1 Maryland Institute for Digital Accessibility, University of Maryland, College Park, USA 
{rewood,jlazar}@umd.edu 

2 Department of Computer and Information Sciences, Towson University, and On Sabbatical, 
Trace Research and Development Center, College of Information Studies (iSchool), University 

of Maryland, College Park, USA 
jfeng@towson.edu 

3 Self-Advocate, Baltimore, USA 

Abstract. Medical care disparities for people with Down Syndrome may be exac-
erbated by the inaccessibility of health systems and personal health data trackers, 
which can limit their ability to manage their own health. Unfortunately, many 
of these technologies are created without people with Down Syndrome being 
factored in as eventual end-users. The few health systems and personal health 
data devices designed with people with Down Syndrome in mind are more com-
monly developed on behalf of people with Down Syndrome rather than directly 
involving them in research, design, and development. One reason for less frequent 
involvement may be a lack of methodological guidance in the literature on how 
to make participant-facing materials more accessible and research protocols more 
inclusive to them by playing to their strengths. This paper describes some of the 
initial efforts of the Health Data Storytelling project. We describe our efforts to 
make accessible research materials and develop inclusive study procedures to bet-
ter facilitate the participation of people with Down Syndrome in the design and 
development of future personal health data and information systems. 

1 Introduction 

People with intellectual and developmental disabilities, such as Down Syndrome, expe-
rience greater health disparities than their typically developing peers (Alshammari et al. 
2018). As technology has the power not only to mirror social inequalities, but also to 
magnify them (Van Deursen and Van Dijk 2014), these disparities may be further exac-
erbated in patient-facing electronic medical record systems and personal health trackers 
because of the inaccessible way personal health data and information is presented to 
people with Down Syndrome. 
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Health technologies with poor usability and accessibility are often cited as barriers 
to the adoption of eHealth systems for people with intellectual and developmental dis-
abilities (Alshammari et al. 2018; Schreiweis et al. 2019). These barriers may impede 
them from actively participating in decision-making and advocating for themselves. 

Historically, technology design and development has not included people with IDDs 
to the same degree as those with perceptual or motor disabilities (Lazar et al. 2017). 
One reason that people with Down Syndrome or other intellectual and developmental 
disabilities may be included less frequently in health technology development processes 
is the lack of clear guidance on how to make research activities accessible to them from 
the outset. 

This paper reports on an ongoing, multi-phase study: the Health Data Storytelling 
Research project. The Health Data Storytelling study has two goals: 1) to investigate how 
to make technology design activities more inclusive for people with Down Syndrome 
and 2) to co-create accessible presentations of health information in patient-facing health 
platforms to better support people with Down Syndrome as they manage their health. Iter 
describes the initial steps we have taken during the first of four phases of research, design, 
and development. In addition to our co-author (A.F.K.), eight main study participants 
with Down Syndrome used the materials described on which these observations were 
based. Below we discuss how we have involved representative people during the research 
study design process and made participant-facing materials more accessible for people 
with Down Syndrome by leveraging their strengths. 

2 Background 

Down Syndrome is a commonly occurring genetic disorder that impacts chromosome 21 
(GDSF 2021). Current global estimates indicate one baby out of every 1,000 to 1,100 is 
born with Down Syndrome (UN 2017). It can impact a person’s development, cognition, 
perceptual and sensory processing abilities, as well as their gross and fine motor skills 
(Feng et al. 2010). Many people with Down Syndrome have mild to moderate intellectual 
limitations, which can worsen as they age (Carr 1985). People with Down Syndrome 
often have co-existing conditions that can affect their health and other functional abilities 
more frequently than the general population (Bull 2020). The quality of care that people 
with Down Syndrome receive from individual or multiple healthcare providers is critical 
to their overall quality of life. 

People with Down Syndrome have a strong visual awareness. Using signs, gestures, 
written words, pictorial, concrete and practical support materials may help them to learn 
better (Faragher et al. 2020). People with Down Syndrome tend to have better recep-
tive language skills (understanding what others are saying) than expressive language 
skills (verbalising their own thoughts) (Feng et al. 2010). Faragher et al. found that their 
attention, short-term, and working-memory difficulties may reduce their ability to con-
centrate, consolidate, retain, generalise, sequence and use abstract reasoning. Despite 
struggling with numeracy (i.e., performing mental calculations without aids), people 
with Down Syndrome are still logical (Faragher et al. 2020). Experiences with future 
health systems need to be engaging and play to their strengths (Hatzigiannakoglou 2015; 
Lazar et al. 2018).
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Existing literature related to the development of systems and devices for people 
with Down Syndrome often describes how they are developed on their behalf of rather 
than directly involving them in research. Projects like Junk Food Destroyer consulted 
the literature rather than people with Down Syndrome (Hatzigiannakoglou 2015). Most 
studies use observations of people with Down Syndrome supplemented with “field notes, 
questionnaire, surveys, semi-structured interview from primary stakeholders (parents, 
caregivers, teachers, experts) to fill in the gaps” (Shahid et al. 2021). This was the case 
in Mohammedi and Augusto’s (2020) health app, which used User-Centred Intelligent 
Environments Development Process and Down Syndrome-specific heuristics to create 
personas followed by interviews with various people with Down Syndrome, parents, and 
administrators, which they used to create a prototype for them. In contrast, in a different, 
nutritional, app, people with Down Syndrome took part in co-design workshops (Lazar 
et al. 2018). While participants did not physically design the prototype, they took part 
in activities that directly informed those designs. The Web Central Fun project used a 
“very inclusive celebratory approach” during usability testing (Kirijian et al. 2007). That 
project included recommendations for future systems, such as: begin with fun activities 
to establish a pattern of success or “avoid conditional phrasing.” 

One reason for this may be a lack of literature detailing how to adapt technology 
design activities specifically for people with Down Syndrome. In fact, only one set 
of guidelines exists: the Inclusive Design for Down Syndrome (ID4DS) Methodology 
(Macias et al. 2018). Broader accessibility guidelines do exist, such as the Cognitive and 
Learning Disabilities Accessibility Task Force (COGA TF). However, guidelines, like 
COGA, cover several highly heterogeneous populations (i.e., cognitive, intellectual, 
developmental, learning, and language disabilities). While some suggestions may be 
helpful, others are less applicable to the Down Syndrome population. 

Other recommendations tend to be piecemeal. They may apply to specific methods 
(e.g., surveys by Liljenquist et al. (2019)), or are technology design recommendations 
with implications for content presentation (e.g., Kirijian et al. 2007). Unfortunately, 
none of these studies provided sufficient methodological detail or concrete examples for 
researchers trying to make the specific technology design activities or study documents 
accessible to people with Down Syndrome. 

3 Methods 

The Health Data Storytelling research study follows a technology development lifecycle 
spread across four phases (i.e., semi-structured interviews, large-scale survey, co-design 
workshops, usability study with eye-tracking). To ensure our research study was acces-
sible to our participants from the beginning, we took a two-prong approach. Prior to its 
design we conducted informal interviews with three subject matter experts: a medical 
doctor who runs a Down Syndrome-focused clinic, an occupational therapist who uses 
AAC board imagery to create health stories as a communication tool with patients (Frank 
2017), and a professor whose work focuses on mathematics education of people with 
Down Syndrome. The interview results refined the research scope to be more relevant 
to the population and informed the initial accessible document recommendations. 

The second prong involved a self-advocate with Down Syndrome in consulting with 
us and helping us to make our study materials and processes more accessible. He reviewed
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all participant-facing documents and made suggestions for accessibility improvements 
and question wording. He also tested all study activities that future study partners with 
Down Syndrome would also do, to likewise improve the accessibility of research activi-
ties. Finally, he provided feedback on how methodological procedures could better align 
with the strengths of people with Down Syndrome. Following his recommendations 
and those of the three subject matter experts, the initial research study application was 
revised, submitted, and later approved by the university’s Institutional Review Board. 

We used the two-prong approach to progressively develop our accessible content. By 
taking this approach, the first draft of research materials and procedures was informed not 
only by the existing (albeit limited) literature of best practices, but also be the practical 
experience of subject matter experts, who work with people with Down Syndrome on a 
daily basis. This helped to make the first draft of the content and processes somewhat 
accessible and inclusive before going through the iterative revisions with our lived-
experience expert. This appeared to be a practical and efficient way of quickly developing 
more accessible and inclusive research materials. 

We converted most participant-facing content into full-screen presentations (Fig. 1). 
For each page or slide, we used simple, plain language to support varying reading 
abilities. Content was written to build gradually and grouped into logical sections. We 
read the presented content aloud to support reading comprehension. 

Fig. 1. Two consecutive slides visible to potential participants during screening procedures 

We used images to support understanding of what was being said aloud by the 
research team member. Each segment or slide also included at least one support image 
per sentence. Past work found that people with Down Syndrome have similarly mature 
stylistic design tastes to their typically developing peers (Feng et al. 2010). Because of 
this, and given the age of our participants (i.e., 16 + years old), we avoided immature 
imagery. While images needed to be clear enough to support the text, we wanted to 
avoid any feelings of infantilisation by image choice. We used a mixture of photographs 
and illustrations selected from free to use, royalty-free media repositories (e.g., Pexels, 
Vecteezy). 

Assessing and Obtaining Consent and Assent: Determining someone’s ability to 
provide consent occurred while we went through the consent procedures document, 
but typically prior to a parent (or guardian, if they had one) signing permission to con-
sent on their behalf. The only time assessment of capacity did not occur was when the 
parent or guardian stated that the individual did not have capacity to consent. Consent
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and assent documents used simple sentences (i.e., 3rd–4th grade reading level) with sup-
port images. All consent and assent documents included the required informed consent 
information. To our university’s IRB, we discussed how minimal content presentation 
and communication was a matter of providing equitable and accessible content according 
to the strengths of our population. This gave us flexibility to use reduced wording. 

After we had explained each section, we asked section-specific questions to assess 
capacity to consent. To demonstrate capacity, participant responses to the questions 
needed to satisfy four conditions: 1) clearly and consistently state it was their choice 
to participate, 2) demonstrate understanding 3) show reasoning or rational reasons, 4) 
appreciate the risks and benefits from being in the study. If they demonstrated capacity, 
then the parent (or guardian, if they had one) did not need to fill out a consent form 
as is best practice with other populations who likewise have conditions that affect their 
cognition (UC Davis 2002). 

As people with Down Syndrome can have difficulty expressing themselves, our 
consulting self-advocate also suggested that after each section, we asked the individual 
if the researcher had described the section’s content in a way that made sense to them and 
if they had any questions about what was discussed. This would provide the researcher 
with an opportunity to re-phrase content or watch for any physical or verbal indicators 
that the individual with Down Syndrome had questions, or was confused or concerned 
about something. 

Questions were broken up and made relevant to the specific consent section (e.g., 
procedures, risks, benefits, compensation). As people with Down Syndrome have less 
short-term and working memory than their typically developing peers (Baddeley and Jar-
rold 2007), capacity-related questions were asked immediately after we went over the 
section rather than at the end of the document. For example, after the project description 
section, we asked: “How would you describe this study to a friend?” Questions were 
also broken up in this way to minimise the need to recall content from several sec-
tions prior. When recall was required, we summarised content from previous sections, 
such as weighing the risks and benefits of a study to make a considered decision about 
participation. 

Data Analysis: We reflected upon unrecorded study activities (i.e., screening and con-
sent) and an interview with a participant who chose not to be recorded. Next, we reviewed 
and analysed interview videos across several sessions from the remaining seven partic-
ipants who consented to being recorded. Research team members then reflected upon 
how procedures and materials could be improved and identified themes through group 
discussion until consensus was met. 

4 Results 

This section describes what we have learned so far in order to create more accessible 
design research methods and participant-facing documents (i.e., study interest sign-up 
form, screening protocols, consent forms, demographic survey, interview questions). 
Below, we describe eight ways to make participant-facing materials and methods more 
accessible to people with Down Syndrome during research activities.
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Methods: Assess and Obtain Consent or Assent. Grouping section content and ask-
ing assessment questions immediately after each section was a successful strategy. Scaf-
folding capacity to consent questions allowed them to build upon their previous responses 
through gradual reflection of the information as it was presented to them. This format 
appeared to minimise the reliance upon recall across sections. 

Methods: Confirm that Researcher Is Communicating Well. After each section, 
enquire “Did I explain that clearly?” If something was not clear, rephrase content. 

Methods: Encourage Self-advocacy. After the first time a participant advocated for 
themselves in some way (e.g., asked for a break, or to skip a question), we encouraged 
self-advocacy by saying things like, “I really like how you advocated for yourself just 
then. That’s exactly what we want you to do whenever you are feeling X.” By verbally 
praising and connecting a participant’s boundary setting behaviour with self-advocacy, 
researchers can foster an environment which empowers participants to be critical of study 
processes, or of questions being asked. It may even stimulate greater levels of candor 
during interviews, as we saw in our study. In this way, encouraging self-advocacy can 
also increase participant expressiveness, which this population can struggle with (Feng 
et al. 2010). 

Methods: Adapt Interview Wording for Relevance and Specificity. Reword 
responses or questions by clearly linking follow up questions and answers to what the 
individual said. For example, instead of using the generic term “a tablet,” reword the 
question to mirror their specific response or experience: “your iPad Pro.” 

Content: Keep Answer Options Minimal, Clear, and Specific. Use large answer 
buttons so shy or less verbal individuals can point to a response. Minimise the num-
ber of response options to 3–4 options. Use a large font as most of our participants wore 
glasses. This also supported the practice observed during in-person interview sessions, 
when some participants would use their finger as a guide as they read question aloud to 
help their comprehension. 

Content: Scaffold Question Complexity. Begin a group of related questions with a 
simple question that required a yes or no response. This can encourage the participant 
to open up as they begin to recall and progressively reflect upon the topic. 

Presentation: Use Images to Support Comprehension and Expression. Using 
images did support understanding with our participants. Use simple, clear language 
(e.g., 3rd–4th grade reading level) with age-appropriate images that connect the ideas. 
Including images in both the question and the answer seemed to support recall via 
recognition as well as the participant’s expressive language abilities. 

Presentation: Select Images with Care. Using either photographs or illustrations is 
fine as long as the image is a clear, literal match. Avoid abstract conceptual links or 
visual metaphors whenever possible. Instead, imagery should be concrete and obviously 
support the written language. If possible, have alternative images you can select based 
on participant’s previous response (i.e., dynamically inserting relevant imagery, such as 
switching out a generic tablet illustration to an iPad Pro).
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5 Discussion 

Assessing and obtaining consent can be a challenge when conducting research involv-
ing people with Down Syndrome, because consent documents and procedures may not 
be accessible (Shahid et al. 2021). In addition to potentially being exclusionary, the 
inaccessibility of consent materials and protocols may not meet people with Down 
Syndromes’ actual capacity to consent. Furthermore, it may perpetuate an inaccurate 
perception within the research community that obtaining consent and demonstrating 
capacity to consent may be beyond the capabilities of this population. 

When first reviewing our study materials and procedures, our consulting self-
advocate expressed concerns with the consent process being overly detailed and long. 
They said it may be too much information for people who might have very different 
attention, reading, and language skills. They recommended minimising the information 
as much as possible. Future work should investigate how to reduce informed consent 
content further. 

Reframing confirmation questions during consent (e.g., “Did I explain that 
section in a way that makes sense?”), as suggested by A.F.K., had several benefits. First, 
it framed any misunderstanding as a limitation of researcher communication rather than 
placing the onus of comprehension upon the participant. Second, it let us gauge our par-
ticipant’s unique receptive language abilities more effectively. This interjection provided 
an opportunity for parents, guardians, or aides to clarify points in the section that may 
have been confusing. This, in turn, allowed us to then rephrase future content to better 
align with how the individual communicated. 

Even if the individual does not ultimately demonstrate capacity to consent, an added 
benefit of assessing capacity to consent as described in Sects. 3 and 4 was that it also 
helped the participant get used to the research team members, the interview format, and 
advocating for themselves by asking questions as they occurred to them. Researchers 
may gain insight into how they communicate and can plan future study sessions to be 
more accessible to that individual’s unique abilities and strengths. 

Fig. 2. A person crossing their arms in a “no” movement indicating that answering is voluntary 

Support Image Considerations: Selecting appropriate support imagery requires addi-
tional testing as interpretation can vary between individuals. In line with past work (Kir-
ijian et al. 2007), no one voiced a preference between photographs and illustrations. 
However, one of our phase one interview study participants did verbalise confusion 
during the consent process concerning one image intended to indicate not having to do
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something (Fig. 2). In this illustration, the hand position was interpreted as sign language. 
In recent years, there has been an increased interest in the Down Syndrome community 
in teaching sign language and finger spelling to people with Down Syndrome to support 
their expressive communication skills (Powell and Clibbens 1994) as signs and gestures 
are helpful. Several participants or their parents mentioned using sign language in this 
way. Researchers should be aware of this practice when selecting appropriate images to 
supplement text. 

Fig. 3. Consecutive questions using scaffolding method to build upon complexity 

Scaffold Question Complexity: When asking questions, it is important to slowly build 
upon complexity. Scaffolding questions allows people with Down Syndrome to link 
questions with any related follow-ups (Fig. 3). While it is better to minimise the number 
of response options in follow-up questions, several of our participants did not struggle 
when a larger number of options (<7) were present. It is, however, important to limit the 
total number overall to reduce any feelings of being overwhelmed by too many options 
to process and choose from. 

6 Conclusion 

To increase the participation of people with Down Syndrome in research, it is critical 
that it is accessible and uses inclusive practices. Accessible documents and inclusive 
methods that facilitate communication can better support people with Down Syndrome 
as participants in directly informing the research, design, and development of health 
technologies. By consulting with a self-advocate who has Down Syndrome during study 
planning phases, future researchers can similarly improve the accessibility of their tech-
nology research study design and procedures with these suggestions. While it may take 
additional time and effort during the beginning of a research study to make participant-
facing documents more accessible, the steps described were critical to ensure more inclu-
sive methods that supported the strengths of people with Down Syndrome, to actively 
engage them in research. 
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Abstract. The Inclusive Design Wheel (IDW) is an established inclusive con-
cept design process, emphasizing iteration and early-stage evaluation. However, 
a structured evaluation of its effectiveness in practice has not been previously 
conducted. This paper describes how the IDW process was adapted for use in 
the design of digital mobility services. It was then trialled on five pilot projects 
in Italy, Spain, Belgium and the Netherlands. Questionnaires were completed by 
participants (both pilot partners and end-users) and interviews were held with pilot 
partners at the end of the project. Initial insights from the pilot experiences and the 
evaluation are described. The pilot teams found the IDW helpful and particularly 
valued its help in structuring the design process and offering clear steps and tools. 
Insights for improving the IDW focus on the importance and role of co-creation, 
issues with recording iteration and the balance between structure and flexibility. 
Implications are highlighted for improving the Inclusive Design Wheel and for 
inclusive design processes more generally. 

1 Introduction 

There is a growing recognition of the diversity in the population and the consequent 
importance of inclusive design, i.e., “the design of mainstream products and/or services 
that are accessible to, and usable by, as many people as reasonably possible” (BSI 
2005). However, designing inclusively can be difficult in practice. Effective and practical 
inclusive design processes and tools are needed to help designers and other stakeholders 
to put inclusive design into practice. 

The Inclusive Design Wheel (IDW) is one such process (Cambridge Engineering 
Design Centre n.d.). It was developed based on over ten years of research and knowledge 
transfer to help designers to structure the inclusive concept design process within product 
design (Clarkson et al. 2007; Waller et al. 2015). The IDW is compatible with other design 
models such as the Waterfall, Double Diamond, V and Spiral models (Clarkson and 
Eckert 2005; Design Council 2007). However, it is more specifically focused on concept 
design and emphasizes iteration and early-stage evaluation (Waller et al. 2015). It also 
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directly includes specific activities that are important for designing more inclusively. 
The IDW is also compatible with co-creation methods (e.g., Cruickshank et al. 2013), 
which can be used within the different phases and activities of the IDW. 

The IDW is composed of four main phases as shown in Fig. 1 (Waller et al. 2015; 
Cambridge Engineering Design Centre n.d.). Successive iterations of these phases are 
used to generate: 

1. a clearer understanding of the needs that the product or service should meet; 
2. better solutions to meet those needs; 
3. stronger evidence that the needs are met. 

Fig. 1. Overview of the IDW process (from Cambridge Engineering Design Centre n.d.) 

The IDW provides a selection of activities within each phase, such as Create stake-
holder map, Observe users, Develop concepts and Test with users. A more detailed dia-
gram listing all the activities can be found in (Waller et al. 2015; Cambridge Engineering 
Design Centre n.d.). 

The IDW process and associated tools have been used on projects from a wide 
variety of domains and industry sectors (e.g., Centre for Business Innovation n.d.), but a 
structured evaluation of its effectiveness in practice has not previously been conducted. 
This paper reports on the use and evaluation of an adapted version of the IDW in five 
pilot projects across Europe. Section 2 explains how the IDW was adapted for use in 
the design of digital mobility services and Sect. 3 briefly describes the pilot projects. 
Section 4 describes how the work was evaluated and presents initial results and insights 
from the evaluation.
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2 Adaptation of the Inclusive Design Wheel 

The IDW process was originally intended for use in product design, but it can be adapted 
for use in different sectors, and for different types of applications. The overall process 
(shown in Fig. 1) stays the same, but individual activities can be adapted and additional 
activities added to better match the characteristics and needs of the sector. The process 
can also be adapted for use in a particular project or company to fit better with an 
established design process or activities. 

As part of the EU funded DIGital traNsport In and for socieTY (DIGNITY) project 
(DIGNITY project n.d.), the IDW was adapted for use in the design of digital mobility 
services (Bradley and Goodman-Deane 2021), i.e., transport services that use digital 
interfaces to provide information or functionality to the user. Examples include websites 
and apps that provide information about travel, online ticket booking services and digital 
interfaces for ride sharing and vehicle hire. The digital mobility sector differs from 
traditional product design in various ways. For example, digital mobility services operate 
within larger transport ecosystems that involve many different services, providers and 
commercial, governmental and public stakeholders. Funding and management for public 
transport services may also differ from those in traditional product design. 

Adaptations were also made to the IDW process to fit better with the other activities 
in the DIGNITY project and to incorporate co-creation methods within the Create phase. 

A diagram of the adapted IDW process is shown in Fig. 2. Examples of the changes 
in the IDW include replacing Observe users and Describe user journeys with Examine 
customer journeys. This was done to tie in with other work on the DIGNITY project 
that uses customer journey mapping to understand users’ experiences and needs (van 
Apeldoorn and Herpen 2022). Another example is the addition of Make storyboards to 
the Create phase. This was included because storyboards are often more suitable than 
prototypes for describing concepts for a mobility service. 

A key issue in adapting the IDW was deciding what to include as an explicit activity 
in the process diagram (the small circles in Fig. 2). There was only room for a limited 
number of such activities. As a result, some activities were included as part of a more 
general activity. For example, co-creation workshops are a key part of Stimulate ideas 
but are not directly visible in the process diagram. Care was also needed in trying to 
describe each activity in a few words so that people viewing the diagram could get a 
good impression of what was involved.

When advocating the use of a design process, it is helpful if that process is accom-
panied by a tool for guiding people through the process and capturing the outputs from 
activities and the rationale for design decisions. The tool can take a variety of forms, such 
as a website, a bespoke piece of software or a file in standard software, e.g., Microsoft 
Office. For the adapted IDW, a design log template (see Fig. 3) was developed in Pow-
erPoint. PowerPoint was chosen because most professionals already know how to use 
it and it allows users to easily add combinations of text and images. It also aids in the 
presentation of information to others throughout the design process.
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Fig. 2. A diagram showing the adapted version of the IDW for the design of digital transport 
services and for the DIGNITY project. This diagram shows the individual activities within each 
design phase. Note that it is not necessary to do all of the activities within each of the phases.

The design log included slides for each of the activities, with brief guidance on 
the activity and templates to fill in with notes and findings, e.g., different types of 
stakeholders or ideas generated from a co-creation workshop.

3 Pilot Projects 

The adapted IDW was piloted in five pilot projects (referred to as ‘pilots’ in this paper) 
across four cities/regions in Europe: one each in Ancona (Italy), Barcelona (Spain) and 
Flanders (Belgium), and two in Tilburg (Netherlands). All of the pilots involved the local 
authority for the city or region plus other partners such as local transport providers and 
consultancies with expertise in transport and mobility. More information on the pilots 
can be found in Goodman-Deane and Bradley (2022).
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Fig. 3. Example template from the Inclusive Design Log (v1.0) used in the DIGNITY project. 
The custom navigation bar at the top of the screen was developed for this project.

The pilots used the adapted IDW to develop concepts, prototypes and recommenda-
tions for more inclusive mobility services in their regions. Different pilots had different 
specific aims and developed different outputs, as detailed in Table 1. 

This pilot work was conducted by the pilot teams with guidance and an initial evalu-
ation of their concepts provided by the research team from the University of Cambridge. 
The work started in summer 2021 and this paper reports on work conducted up to May 
2022. During this period, all of the pilots did substantial work on the Manage, Explore 
and Create phases of the IDW. Four of the five pilots did some Evaluate activities as 
well, thus completing at least one iteration of the adapted IDW process. However, as with 
any iterative process, the teams are continuing work to further improve their outputs.

The implementation of the adapted IDW varied between pilots, depending on factors 
such as the scale and type of the problem being addressed and whether the team was 
adapting an existing solution or building a new one. There were differences in the exact 
activities conducted, in their implementation and in the type and level of detail of the 
outputs.
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Table 1. Summary of the five pilots 

Pilot Aims Outputs 

Ancona • To improve the accessibility of the 
current public transport app and 
website

• To add non-digital solutions to 
include users who face digital 
exclusion

• Prototype of a new version of the 
app

• Suggestions for improving the 
accessibility of the website

• Seven (mostly non-digital) 
recommendations for the transport 
system in the region 

Barcelona • To promote the use of 
demand-responsive transport (DRT) 
among groups with low digital 
competence

• To make the DRT smartphone app 
simpler, more inclusive and more 
user-friendly

• Three (mostly non-digital) concepts 
for improving the DRT service

• Proposals for improving the DRT 
app 

Flanders • To develop a central point of contact 
(Hoppincentrale) for end users, 
which can be accessed via an app, 
website or call centre. This will 
provide public transport information 
and help end users to plan trips

• Five concepts for improving the 
public transport system in the region

• A prototype of an app for accessing 
Hoppincentrale

• Proposal for a training programme 
to equip public transport personnel 
in assisting people with disabilities 

Tilburg pilot 1 • To develop an intervention to help 
digitally excluded people 
(particularly those who are older) to 
get from A to B

• Concept for a central travel 
information phone number

• Five storyboards describing how 
people could to find out about and 
get access to this phone line 

Tilburg pilot 2 • To develop a concept for a socially 
and digitally inclusive bike-sharing 
scheme, with special attention to the 
needs of migrant women

• Guidelines for bike sharing schemes
• High level description of a concept 
for a new bike sharing service

• Recommendations for an equitable 
shared cycling system in the region

Nevertheless, a key part of all the pilots was the co-creation workshops (see Fig. 4), 
held as part of the Stimulate ideas activity. All pilots held at least one such workshop 
with target users for their project. The participants usually included some from user 
groups at increased risk of digital mobility exclusion (such as older people or those with 
disabilities). All the workshops included elements that identified and explored users’ 
transport needs, as well as ones that elicited ideas for meeting those needs. Most of the 
workshops were held in person, but one pilot had to run theirs online due to COVID-
19 restrictions. To balance this, they also held some telephone interviews with users at 
higher risk of digital exclusion.
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Fig. 4. Photos from some of the co-creation workshops 

4 Evaluation 

The pilot work on the adapted IDW was evaluated using a range of methods:

• a questionnaire addressed to participants (end-users) in the co-creation workshops 
(part of the Stimulate Ideas activity), conducted at the end of or soon after the 
workshops;

• a questionnaire addressed to pilot partners, conducted partway through the IDW 
process (usually somewhere in the Create phase);

• a questionnaire addressed to pilot partners, conducted at the end of the IDW work 
examined in this paper;

• a semi-structured interview with pilot partners, also conducted at the end of the IDW 
work examined in this paper. 

In addition, throughout the process, the University of Cambridge team recorded 
feedback from the pilots, any issues that arose and their own reflections on the experiences 
during the pilots. 

The questionnaire and interview responses indicated that the pilot partners consid-
ered the adapted IDW process to be helpful overall. They particularly valued the help it 
provided in structuring the design process and offering clear steps and tools. Neverthe-
less, the experience on the pilots highlighted a range of issues and lessons to learn for 
improving the IDW. The analysis of the evaluation results is still ongoing but some of 
the initial lessons are described below. 

4.1 Co-creation Workshops 

All the pilots found the co-creation workshops helpful. For example, one of the pilot 
teams said, ‘[It was helpful] in giving insights directly from the target group about the 
target group.’ The participants in the workshops also valued them – the great majority of 
them found them useful, enjoyed them and felt they generated useful ideas. Furthermore, 
the observation of the pilots indicated that the co-creation workshops often provided key
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ideas and insights, both for the Explore (understanding users’ needs) and the Create 
(coming up with ideas for solutions) phases. 

This indicates that these workshops are extremely important for the IDW process. 
However, they do not appear directly in the process diagram in Fig. 2 because they are 
part of the Stimulate ideas activity. The name of this activity does not convey anything 
about co-creation or user involvement and, as a result, the co-creation workshop could 
be easily overlooked. It would help to emphasize the importance of this activity if it 
appeared directly in the process diagram. 

Furthermore, the workshops provided important information for both the Explore 
and Create phases. However, they are only located in the Create phase in the process 
diagram. Further work is needed to consider how the relevance of the workshops to both 
phases can be communicated. 

4.2 Iteration 

Iteration is an inherent aspect of design in general (Wynn and Clarkson 2018) and of 
the IDW in particular (see Sect. 1). As well as the macro iteration of the Explore, Create 
and Evaluate phases, teams often engaged in micro iteration cycles where they made 
rapid, small changes to their insights and concepts as they discussed and tried out things 
together. 

However, some of the teams found it difficult to record this iteration within the 
PowerPoint design log: ‘[The design log] could be improved by organising better the 
addition of new inputs … to record the evolution of the pilot as it is [a] continuous 
process’. Some of the pilot teams came up with their own method of tracking iteration 
within the log, by annotating new material with a coloured circle with the word ‘NEW’ 
and the date. Some teams kept both the old and new versions of slides within the design 
log. However, keeping old versions makes the log more difficult to navigate, and it was 
still hard to capture and communicate how the content varied over time. 

Capturing and communicating successive and iterative updates to multiple inter-
linked components is a difficult challenge that occurs in other domains as well. A rig-
orous and structured approach to version numbering can help, but excessive rigour and 
structure may be onerous and could stifle creativity. Bespoke project and file manage-
ment software might be able to help, but this requires teams to adopt and learn new 
software, thus creating an extra barrier to its use. An alternative might be to create cus-
tom buttons within standard software (such as PowerPoint) to streamline the process of 
tagging material with the date. Further work with design teams would be required to 
explore and refine solutions to this issue. 

4.3 Flexibility 

Some teams felt that the IDW process was a bit constraining. In the final evaluation 
questionnaire, one of the teams said, ‘[it] seems like you have to complete all the activities 
in order which is counter intuitive’. Another commented, ‘we used some elements but 
not the whole IDW method.’ 

The adapted IDW was intended to be structured and yet flexible, with multiple 
iterations, each containing a subset of the activities in Fig. 2. However, this was not
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adequately conveyed in the process diagram. Furthermore, the use of PowerPoint for 
the design log meant that the slides for the different activities were presented in a linear 
order. Alternative tools, such as Adobe Illustrator and Miro, offer some potential to 
break away from this linear presentation. They allow boards to be laid out and moved 
around spatially within a workspace. This might fit better with the intended paradigm for 
completing the activities in the IDW. However, the availability of and prior experience 
with these tools is lower than PowerPoint, so further work is needed to determine the 
best environment in which to implement the design log and/or whether PowerPoint can 
be better customised to suit a more flexible process. 

5 Conclusions and Further Work 

This paper has reported on initial results from the evaluation of five pilot projects that 
used an adapted version of the Inclusive Design Wheel in the design of mobility services 
with a digital element. The pilot teams found the adapted IDW process helpful and 
particularly valued its help in structuring the design process and offering clear steps and 
tools. 

Particular issues identified in the evaluation include the importance of the co-creation 
workshops and the need to highlight this better in the process diagram. The importance 
of these workshops also underlines the importance of early-stage user involvement and 
co-creation in inclusive design processes more generally. The evaluation also identified 
issues with recording iteration, which has relevance for both the IDW and for design 
processes more generally. There is also a tension between providing enough structure 
that the process is actually helpful and allowing enough flexibility that it can be used in 
creative ways in a variety of situations. 

Adaptations to the IDW process and design log in response to this evaluation are 
currently underway (at the time of writing in December 2022). The latest versions of 
both can be found on the Inclusive Design Toolkit at: www.inclusivedesigntoolkit.com/ 
transport_overview. 
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Abstract. Degree award gaps have been reported for every university in the UK, 
and they are often unexplained. Reducing the award gaps between white and 
minority ethnic students in the UK is an effort to achieve equality, diversity and 
inclusion (EDI), an increasingly important agenda for higher education institu-
tions. This paper reports a study at Brunel Design School, focusing on the award 
gaps and the learning experience of the minority ethnic students. Focus group 
and individual interviews were conducted with 25 student volunteer participants 
in Spring 2022, in addition to student EDI group discussions. It was found that 
English language skills play an important role in their learning experience and 
assessment outcomes. Despite the lack of training in English academic writing, 
the majority of the participants preferred reports rather than video/audio assess-
ment. The students’ suggestions and the relevant strategies proposed by published 
studies will be used to address degree gaps, and improve minority ethnic students’ 
learning experience at Brunel Design School, as part of the action research. 

1 Equality, Diversity and Inclusion (EDI) and Award Gaps 

In 2005, the same year when the British Standard on Managing Inclusive Design (BSI 
2005) was published, the Athena Scientific Women’s Academic Network (SWAN) char-
ter (Advance HE 2020) marked the first initiative leading to the later Equality, Diversity 
and Inclusion (EDI) agenda. Nowadays EDI has become ever-important in universities 
(Wolbring and Lillywhite 2021), developing and implementing EDI policies has become 
a significant challenge for higher education institutions nationally and internationally 
(Scott 2020). Similar terms include Equity, Inclusion, Diversity and Access (EIDA), 
Diversity and Inclusion (D&I), Diversity, Equity and Inclusion (DEI), and Inclusion, 
Diversity, Equity and Access (IDEA) (Loehwing and Craig 2021). 

EDI has become a commitment of the Advance HE Strategy 2021–2024 (AdvanceHE 
2022). Acknowledging the importance of diversity should transform how universities 
operate, not only about who to recruit, but also what to teach and research, and how to 
support students and employees to achieve their potential (Scott 2020). Minority ethnic 
students are an important focus of EDI in higher education. 

In the United Kingdom (UK), 81.4% of white students and 68.0% of Black, Asian, 
and other minority ethnic students were awarded good undergraduate degrees (i.e., first or 
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upper second) in 2018/19. The existence of an award gap has been known about for over 
25 years, and such gaps have been reported for every university in the UK (Cramer 2021). 
Brunel University London set the goal of halving the good degree award percentage dif-
ferences between white and minority ethnic students by 2024/25. In order to achieve this, 
ten projects were funded in 2021/22. This paper reports one of the projects conducted at 
Brunel Design School, a school with an international reputation for inclusive design and 
design for sustainability research, and Made in Brunel (madeinbrunel.com) collaborative 
teaching excellence. The project aimed at creating a more inclusive learning experience 
for minority ethnic students, so as to benefit its increasingly diverse learner population 
sustainably in the long run. 

2 Methods 

Action research (Mertler 2017) was adopted as the main research method. Learning 
analytics such as graduate data (Minocha 2021) and interviews were used to understand 
the issues and identify actions and potential solutions. In addition, student EDI group 
meetings and discussions were conducted to gain further insights. 

In the process, students were involved as participants, designers and co-researchers 
(Minocha 2021), e.g., the interview questions were co-designed with students’ input, 
PhD students were employed as assistants to help recruit participants (to minimise the 
potential impact of the teacher-student power relationship), collect and analyse data. The 
research received ethics approval from the College of Engineering, Design and Physical 
Sciences’ research ethics committee. 

The participants were recruited through poster advertisement and at social events 
at Brunel Design School. Their participation was voluntary, and a five-pound voucher 
was given to each afterwards as a ‘thank you’ gift. The sampling did not necessarily 
represent the ethnic mix of the school. 

Typical interview questions include:

• What type of difficulties do you encounter in your course?
• When you encounter difficulties in a course, do you communicate them to the lecturer 
or why?

• Do you use the University’s English study support? How effective is it for your study?
• For teamwork, what challenges do you have in co-working with Caucasian/English 
speaking students? And with students from your own country/similar culture?

• What do you think about the existing assessment methods?
• How do you feel about audio/video submissions in comparison with written reports?
• What do you think about the learning and teaching environment?
• Are you aware of the degree awarding gaps between white and non-white students? 
If yes, what do you think might have contributed to these gaps?

• What are the challenges for you to achieve a first or 2:1 degree (if UG students)?/What 
are the challenges for you to achieve a distinction or merit degree (if PG students)?

• What are your suggestions to address the degree award gaps?
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The interviews were conducted in focus groups (2–5 students) or with individuals 
(depending on the participant’s availability and preference) between March and May 
2022. They each lasted 45–120 min, and audio was recorded. The recordings were 
subsequently transcribed; thematic analysis and coding were applied by one researcher, 
and cross checked by another. Numbers of identified issues were counted. 

3 Results 

Learning analytics (in this case the degree award data of design graduates of different 
programmes) suggest that in 2020/21 (studying under the pandemic, with no-detriment 
policy/‘safety net’) the ethnicity degree award gap was 35% for BA Industrial Design & 
Technology students, 12% for BSc Product Design Engineering students, and 37% for 
BSc Product Design students. 

In total 25 student volunteers participated in the interviews (5 conducted as indi-
vidual interviews), including 16 Chinese students, 4 Indian students, 4 black students, 
and one Cambodian student. Five were undergraduate students (UG), and twenty were 
postgraduate students (PG). 

The main results are summarised below (‘n’ represents the number of mentions):

• Difficulties encountered in the course: 

– Difficulty understanding n = 16 (including 4 specifying ‘lecturer speaking too 
fast’); 

– lack of clarity in course requirement n = 5; 
– online lack of engagement n = 4; 
– lack of English writing training n = 4; 
– culture difference n = 3; 
– short length of the PG course (i.e., only one year) n = 1; 
– group work n = 1.

• Coping strategies when encountering difficulties: 

– email or ask lecturers n = 11 (with two mentioning slow/no response); 
– confused but do not know what to do n = 9; 
– figure out by self n = 1; 
– never asked a question outside class n = 1.

• English language support: 

– used the support but found it not very effective n = 11; 
– not heard about it/not used it at all n = 9; 
– scared of speaking in language support groups n = 7 (with one specifying the 
difficulties of communicating with students from different countries); 

– used it and found it useful n = 4.
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• Team work: 

– language barriers preventing effective team work n = 16; 
– prefer to be mixed with students from different cultures n = 12; 
– tend to rely on an ‘interpreter’ whose English is better n = 9; 
– online group work extremely difficult n = 1.

• Current assessment: 

– assessment criteria not clear n = 9; 
– being unfair/biased n = 8; 
– fair/inclusive n = 5; 
– negatively influenced because of poor English language skills n = 5; 
– lack of connection between theory and practice n = 4.

• Audio/video submissions in comparison with written reports: 

– prefer writing/reports n = 15 (with one specifying it would be a ‘pain’ to record a 
video); 

– prefer alternative assessment (e.g., audio/video submission) n = 8; 
– do not have a preference n = 2 (with one specifying all ‘would be harder for 
international students’).

• Learning and teaching environment: 

– supportive staff and learning environment n = 20; 
– (PG students) would like to get training and access to design workshops n = 5; 
– environment lacking ‘design feeling’ n = 4; 
– need training on academic writing n = 1.

• Awareness of degree award gaps: 

– no awareness at all n = 11 (with three guessing language skills might have 
contributed to the award gaps if they exist); 

– some awareness of the gaps n = 6; 
– do not care much as practical skills are more important for designers n = 3.

• Challenges to achieve better degree awards: 

– supervisor allocation (mentioned only by Post Graduate students) n = 7; 
– unclear requirements and assessment criteria n = 4; 
– do not care much n = 3; 
– lack of report writing skills n = 1.
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• Suggestions: 

– clarification of assignments and assessment criteria n = 3; 
– improve self n = 3; 
– staff being objective and unbiased n = 2; 
– staff offering effective feedback n = 1; 
– staff communicating more with non-native speakers n = 1; 
– enhancing English Language Centre/Programme n = 1; 
– (staff) being patient n = 1; 
– anonymous submission n = 1; 
– offering bridging courses on writing n = 1. 

From the two EDI group meetings organised by students (mainly UG), some common 
issues were identified: 

1. students felt there is an obvious divide between students of colour (SoC) and white 
students. More inclusive/collaborative module teaching can help address this gap. 

2. it has been observed by students that staff at times are not patient or empathetic 
enough towards SoC (due to language issues), e.g. SoCs are treated differently to 
other students when they miss classes. 

Suggestions were proposed by the student EDI groups, e.g.,

• making submissions and markings anonymous;
• SoC helping in modules might help reluctant students engage better in modules;
• students felt pairing staff of colour with SoC for Major Project or Personal Tutors 

could work well as they connect better;
• making design briefs simpler and more inclusive;
• more diversity in lecture materials rather than focusing on UK-centric contexts;
• guest lectures connecting academic content to industry helps students to see how 

things are applied in real world. 

4 Discussion 

It is very difficult to pin down what exactly causes the ‘large, unexplained award gap’ 
(Cramer 2021), similar to the fact that ‘no one single element of the student experience 
can be controlled to enhance satisfaction’ (Partington 2019). Despite this, the study still 
gives us good insights into minority ethnic students’ learning experience. To our surprise, 
most of the students were not aware of the degree award gaps, to quote one student: “I 
wasn’t aware of any awards actually, let alone any award gaps”. 

Command of English language seems to play a role in the academic performance and 
general experience of minority ethnic students: more than half of the participants (n = 
16) acknowledged difficulties in understanding lectures; this was mainly because of the 
language barrier; the lack of English language skills prevents some students’ effective 
participation in team work (e.g., n = 9 relied on an ‘interpreter’ within the team to help
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with communication). In addition, assessment outcomes could be negatively influenced 
because of poor English language skills (n = 5). Some participants (n = 3) perceived 
English language skills to have contributed to degree award gaps. Although three students 
said they did not care about degree gaps (because they believed practical skills were more 
important for designers), another student made the following point: 

“I don’t think 99% of the companies care about their (candidates’) degree. Yeah, 
they don’t care about. They care about you. Like, what can you do? And if you 
can’t speak or if your communication skills are not on point, then it’s going to 
be super, super hard to get a job. So, many people in my course, they’re not very 
confident speaking English. And I think if you’re in UK here, the chances you’re 
getting hired is so hard.” 

‘Confidence’ plays a role in communication skills, as well as culture adaptation. 
For example, one international student whose native language is English but who is 
“completely new to the country”, said, 

“they (international students whose mother tongue was not English) were reluc-
tant to speak to the professors and ask them questions, even me myself as an 
international student in my first year, I wasn’t very outgoing. I was a bit shy.” 

Two issues were mentioned by several students in their answers to different ques-
tions: one is the lack of clarity of assignment requirements and assessment criteria, and 
the other is the lack of training on English academic writing. Interestingly, 15 out of the 
25 still preferred writing/reports as the assessment method, in comparison to the alterna-
tive audio/video assessment. Some said they were more comfortable with writing, and 
audio/video assessment might require different skills or more time: “I don’t like writing 
exams, but I like typing out assignments and submitting it.” 

The degree award gap can vary from subject to subject, which suggests that different 
solutions (or different combinations of solutions) may be needed for different subjects 
(Cramer 2021). Cramer (2021) finds the exam is the main contributor to the award gap 
in the subject of cell biology and points out that comparison of all marks does not 
reveal any larger award gap in the coursework. In Brunel Design School, the majority of 
assessment tends to be on coursework, with a few exams. It would be useful to conduct 
further studies on the gaps between exams and coursework. 

The suggestions from the interviews and the student EDI groups were bottom-up, and 
provide directions for action. However, improving the learning experience of minority 
ethnic students and addressing the existing award gaps also require top-down strategies. 
Cramer (2021) proposed five policies and some can be useful for design, e.g.: 

1. create time and fund resources to develop, implement and monitor the impact of 
recommendations; 

2. increase scientific evidence on causes of the unexplained award gap and the diversity 
of approaches; 

3. increase direct funding to research teams proposing scientific approaches.
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Wong et al. (2021) proposes the following strategies based on his two-year study 
addressing the degree award gaps at the University of Reading, which is useful for Brunel 
University London as a reference.

• provide greater economic support for minority ethnic students;
• establish an institutional commitment to challenge all forms of racism;
• increase representation of minority ethnic staff and students in HE;
• diversify the curriculum, incorporating a wider range of values and perspectives;
• ensure structural barriers are reduced, e.g., through alternative provisions. 

Focusing on arts and design, Partington (2019) suggests ‘a wider, more pluralised, 
range of ways of learning need to be encouraged and accommodated, to reflect a much 
more heterogenous mix of students, and the diversity of contemporary culture’, this 
was echoed by our student EDI groups. The concept of diversity can have the effect of 
sustaining inequalities (Brooks 2020). While the ‘heterogenous mix of students’ in the 
UK context often refers to students from different backgrounds (e.g., mature students), it 
is important to consider minority ethnic students and international students. The English 
language support could be better designed to address their language and cultural barriers. 

5 Actions  

A number of actions have been taken at Brunel Design School since March 2022 to 
improve the minority ethnic students’ learning experience: 

1. Debriefing: the student participants were invited for a debriefing picnic; 
2. Dissemination: the findings were shared at the Brunel Teaching Festival and the 

Horizon in STEM conference; 
3. All assessment briefs were required to be written up and shared with students well 

in advance; 
4. Greater care was taken when organising social events (e.g., inclusive activities, 

food and drinks); 
5. Lecturers were encouraged to incorporate content reflecting different values and 

perspectives; 
6. Inclusivity and care for minority ethnic students were discussed at staff meetings, 

with actions to follow up; 
7. Internship opportunities were created at the School for peer-support; 
8. Staff were supported to attend relevant training; 
9. Staff-student partnerships were emphasised at Student Experience Committee; 
10. Made in Brunel team became more diverse, and they were recommended to talk 

about their experience at a national HE education conference; 
11. A tailored guidance for report writing was provided in Chinese (alternative 

provision); 
12. 3D printing workshops were made available to Post Graduate students; 
13. More guest lectures were invited; 
14. Enhancing the learning environment with work from a minority ethnic artist.
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More actions were planned for the future, for example:

• making coursework markings anonymous (exams are already anonymous);
• providing opportunities for minority ethnic students to have tutors of similar 

backgrounds;
• providing bridging courses;
• sharing good practice among staff members;
• carefully allocating supervisors for PG students;
• discussing with the Language Centre to improve their support
• comparing the impact of exams on award gaps. 

6 Conclusion 

To conclude, through interviewing 25 minority ethnic students at Brunel Design School, 
we have identified a number of areas to improve their learning experience. 

It was found that English language skills play an important role in the learning expe-
rience and assessment outcomes of minority ethnic students (especially for our Chinese 
students). Language support can be tailored to their needs. Clarifying requirements and 
assessment criteria could also help with their academic performance. Despite the lack 
of training in English academic writing, most of the participants preferred reports rather 
than video/audio assessment. We will use the students’ suggestions and relevant strate-
gies to address award gaps in design. We have taken actions to address some of the issues 
and planned to do more. These actions have the potential to narrow future award gaps; 
with the inclusive design principle, they will enhance the learning experience of all our 
students. 
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Abstract. The design of products has an impact on the quality of life of people 
with disabilities. They can indeed amplify or attenuate the situation of disability. 
For example, a smartphone can serve as an environmental control or as an alter-
native communication tool but it can only be used by people with severe motor 
limitations if it is compatible with assistive technologies. Inclusive innovation is a 
process that involves excluded groups, such as people with disabilities or elderly, 
and improves their quality of life and inclusion into society. One of the major 
challenges of inclusive innovation is to raise the awareness in those who design 
innovation. Gamification has proved to foster learners’ engagement. For this rea-
son we developed an Inclusive Innovation card game aimed at training students 
and professionals (designers, engineers, entrepreneurs, marketing, living labs, …) 
in the Inclusive Innovation process. In this article, we describe the card game and 
its implementation within student and professional contexts. 

Keywords: Inclusive innovation · Education · Serious game · Inclusive design · 
Cocreation 

1 Introduction 

It is a well-accepted fact that the environment has an impact on the creation of the 
situation of disability. Cities, buildings, equipment, objects and consumer goods can 
increase or attenuate the disability, depending on their accessibility and quality of use. 
Including people with disabilities or elders in design processes can help to increase 
accessibility and limit situations of disability. 

Inclusive innovation is a process that includes people with disabilities, elders and 
also persons in precarious situations, to improve their quality of life (George et al. 2012; 
Schillo and Robinson 2017; Peyrard  2022). Inclusive innovation adopts the objectives 
of inclusive design, which are to include the whole population through design (Clarkson 
et al. 2003), and adds the objective of participation of excluded groups in the design 
process. The participation of excluded groups is required to succeed in inclusive design 
projects (e.g., Avila et al. 2016; Ramster and Keren 2020). One of the challenges of 
inclusive innovation is that of convincing those who make the innovation on the question 
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of inclusion. To tackle this challenge, with a research-action methodology, we created a 
card game aiming at training students, designers and engineers in inclusive innovation. 

In this paper, after positioning inclusive innovation and gamification in educational 
experiences, we present the card game and the way it can be used with students and 
professionals. 

2 Literature Review 

2.1 Inclusive Innovation 

Inclusive innovation is defined as innovation addressing the needs of disenfranchised 
people to enhance their quality of life (George et al. 2012). Those include people with 
disabilities, people in insecure situations, people living in developing countries, women, 
young people, etc. (Schillo and Robinson 2017). In the domain of disabilities, inclusive 
innovation bridges inclusive design and codesign (Peyrard 2022). 

Inclusive design is a design philosophy and set of methods that assume it is possible 
to design environments and products that suit a wide range of users’ needs, including the 
needs of people with impairments (Story et al. 1998; Clarkson et al. 2003). Universal 
design principles are far from being widely adopted by companies who still consider it 
mainly as a cost (Vanderheiden and Jordan 2012). 

On the contrary, codesign methodologies are widespread in companies. Derived 
from user centered design, that put the user’s needs at the center of the innovation 
process (Norman and Draper 1986), codesign requires the involvement of users in the 
innovation process (Prahalad and Ramaswamy 2004; Sanders and Stappers 2008). It 
enables companies to better address the needs of their users. Codesign with people with 
disabilities and the elderly has further specific challenges, among which are:

• Practical challenges, such as enabling users with reduced mobility to participate (Brule 
et al. 2016),

• Communication challenges when the impairment complicates the expression of 
requirements (Astell et al. 2009; Magnier et al. 2021; Peyrard and Chamaret 2020; 
Cappelen and Andersson 2012),

• Methodological challenges related to the capacity of abstraction and problem solving 
needed for codesign (Hendriks et al. 2015). 

2.2 Gamification in Educational Practices 

Gamification is the use of gaming techniques in non-game contexts: it is used to foster 
the engagement of learners and to increase their motivation (da Rocha Seixas et al. 
2016). Gamification has been used to raise awareness of various societal topics such as 
sustainable development (Genevois and Leininger-Frézal 2010) or cyber threats (Cook 
et al. 2016). Its use various forms include most commonly board or card games and 
video games. 

In the domain of social innovation, various card games have been developed. Fried-
man and Hendry (2012) have developed Envisioning cards, which questions the human
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values of a design. Viera and colleagues (2020) created an Inclusive design toolkit gath-
ering human-centered, gender-centered and inclusive design approaches. Torrens et al. 
(2020) created a board game for inclusive interior design teaching. Indean, a design sub-
sidiary of Cap Gemini, created Cards for humanity1 that combine personality traits and 
disabilities to question the answer to various users’ needs. The University of Lincoln cre-
ated Inclusive signs2 (Rossi 2022) that help designers creating meta-design concepts and 
insights related to inclusion. The University of Cambridge created an Inclusive design 
toolkit (Clarkson et al. 2007), including sets of personas and an exclusion calculator3 . 
Yet none of these games addresses the full scope of inclusive innovation, meaning inno-
vation for and with any excluded users. The cocreation part of inclusive innovation, in 
particular, is not addressed. 

3 Methodology 

The present research was initiated at the TechLab, the technological department of APF 
France handicap. APF France handicap is one of the largest French associations for 
people with disabilities. I was employed by the association create a support service 
for co-design approaches with people with disabilities, with an action-research setting. 
At the TechLab, we organise design workshops and product testing with people with 
disabilities on behalf of startups and large companies who want their products to meet 
the needs of people with disabilities. 80% of these products are assistive technologies, 
and 20% are mainstream products. 

We led more than 30 cocreation projects between 2018 and 2022. It meant gathering 
a panel, defining the cocreation methodology, conducting the workshop and analysing 
the data. Our panels were mainly composed of people with motor disabilities. Some 
also involved people with cognitive and visual impairments and older people. We also 
led 5 courses on inclusive innovation for students (engineers and business students) and 
professionals. 

Based on these experiences, on the 4 years of research led at the TechLab and on a 
literature review, we gathered:

• A set of questions to analyse the exclusion created by a product,
• A set of questions based on universal design principles,
• A set of cocreation methodologies,
• A set of adaptations to include people with any impairment or to address any specific 

need in panels,
• A set of ethical questions for cocreation contexts. 

This led me to create a card game to train students and professionals in inclusive inno-
vation. I tested the game on four groups (Table 1): a multi-competence team dedicated to 
innovation in the disabilities field (TechLab), a group of social entrepreneurs in a startup 
acceleration program (21), a group of professionals and students in a meeting dedicated

1 https://cardsforhumanity.idean.com/. 
2 https://inclusivesigns.lincoln.ac.uk/. 
3 https://www.inclusivedesigntoolkit.com/. 

https://cardsforhumanity.idean.com/
https://inclusivesigns.lincoln.ac.uk/
https://www.inclusivedesigntoolkit.com
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to innovation (Jour i, Angers Technopole) and students in a marketing master’s degree 
(IAE of Nancy). Each test lasted between 2 and 3 h. The tests at Angers Technopole and 
IAE of Nancy focused on inclusive design (and did not address cocreation). A total of 
87 persons involved in testing the game. 

I followed an action research methodology, frequently used in social research, involv-
ing practitioners in testing the game. Action research combines action and research, 
arguing that “a social situation can best be understood if a change is introduced into it 
and its effects are observed” (Lewin 1946; Babüroglu and Ravn 1992). I observed the 
testers during their group discussions and each session of the game was followed by a 
discussion with the groups to assess its impact and to identify improvements. Periods of 
reflection were held between sessions to improve the game and the game play, in order to 
reinforce the engagement of the players and their understanding of inclusive innovation 
meanings and practice. 

4 The Inclusive Innovation Card Game 

Inclusive innovation addresses two different objectives: (1) Innovating for excluded 
groups, such as people with disabilities, to improve their quality of life and (2) enabling 
the participation of excluded groups in the innovation process. Six types of cards were 
created:

• objects and services cards,
• inclusive design cards that gather 

– extreme user cards and 
– designing for all cards,

• and cocreation cards that gather 

– cocreation methodology cards, 
– involving everyone cards, 
– ethics of cocreation cards.

4.1 Object and Service Cards 

The card game can be used either by students or by professionals who are in charge of the 
design of a product or services (designers, engineers, ...). When tested at 21 and Angers 
Technopole, the game focused on the products or service of the participants. With the 
IAE students, “object cards” and “service cards” were randomly chosen for each group 
to apply the different questions to a particular product or service. Seven object cards 
were proposed: shoes, coffee maker, salad spinner, sink, smartphone, micro-wave oven, 
desk and make-up. Four service cards were proposed: a hotel, a bank, a museum and a 
train station.
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Table 1. Testers of the game 

Place of the test Context No. of participants Profiles Date 

TechLab, Paris Workshop to 
develop the game 

9 Designer, 
innovation project 
manager, 
entrepreneurship 
program leader, 
engineer, 
ergotherapist, 
speech therapist 

28/06/22 

21 (French Red 
Cross and Nexem 
innovation 
accelerator), Paris 
area 

Workshop of the 
accelerator program 

18 Social 
entrepreneurs and 
innovation 
program leaders 

29/09/22 

Jour I (Angers 
Technopole) 

Workshop during an 
event dedicated to 
innovation, within a 
technology park 

40 People working on 
R&D positions, 
entrepreneurs, 
students, 
professors 

18/10/22 

IAE Nancy Closing of a 
marketing course 

20 Master’s students 24/10/22

Some of these examples were chosen because corresponding universal design 
projects exist such as the Oxo salad spinner and the Tefal Includeo coffee maker that 
can be presented to the players after the game. Participants are encouraged to take into 
account the full usage sequence of the product or service, from the information on the 
product, the purchase, the installation, to the use and maintenance of it (Fig. 1). 

Fig. 1. An example of an “Object” card and the Includeo coffee maker by Tefal to serve as an 
illustration 

4.2 Inclusive Design Cards 

Inclusive design cards draw attention to two issues: the exclusion created by design and 
the principles of inclusive design.
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The first category of cards, initially named “all users” questions the possibility of 
using a product in some situations and with some impairments. These cards were renamed 
“extreme users” because the term “extreme user” draws attention to the potential of peo-
ple with disabilities in the design of common goods. The cards present eight domains: 
vision, hearing, motricity, cognition, communication, morphology (age, size, weight and 
sex) and precarity (equipment and social condition). After the tests, I followed sugges-
tions from participants to add a personal life category (family configuration, diet, …) and 
a chronic disease. For each disability domain, situational disabilities (Story et al. 1998), 
such as being dazzled by the sun or having one hand occupied, and permanent disabilities 
are questioned. Some figures enable the player to measure the design exclusion. After 
the first two tests, I transformed the cards presenting a full category (ex: all disabilities 
relating to motricity) to smaller cards each presenting a disability (ex: “I have one leg 
or one arm missing” or “my two hands are busy”). It helped the participants to really 
question the use of a product or service by each “extreme user”. The game now has 70 
“extreme users” cards. 

The second category of cards, named “designing for all”, briefly presents the 7 
universal design principles, established by the Center for Universal Design in the 1990s: 
Equitable Use, Flexibility in Use, Simple and Intuitive Use, Perceptible Information, 
Tolerance for Error, Low Physical Effort and Size and Space for Approach and Use 
(Story et al. 1998). After the first tests, I also transformed the large cards presenting the 
full principles (ex: flexibility in use) into small cards providing one piece of advice related 
to one principle (ex: are there several command modes for your product?). Focusing on 
one question at a time helped the player. The game now has 48 “designing for all” cards. 

4.3 Cocreation Cards 

Cocreation cards aim at helping students and practitioners to build their cocreation 
sessions. Three types of cards are proposed: cocreation method, involving everyone and 
ethics of cocreation. 

The “cocreation method” cards describe six standard methods for cocreation: user 
interviews, user observation, auto-observation, quantitative study, focus groups and user 
testing. We insist on the preparation phase of the cocreation (definition of the objectives, 
test of the methodology) and on the analysis phase. These methods are classical methods 
used by designers. Yet the test of the game with social entrepreneurs showed that these 
methods are not widespread within startups ecosystems. It also underlined the need to 
insist on the posture of the entrepreneurs toward participants in cocreation and on the 
possible bias associated to this posture. 

The “involving everyone” cards provide guidelines for involving persons with all 
types of impairments and situations. They first describe the impact that an impairment 
can have during a cocreation session. They then make recommendations on adaptations 
needed for the cocreation session to be inclusive. They address the following categories of 
impairments and situations: motor impairment, visual impairment, hearing impairment, 
mental and cognitive impairment, communication and behavioral impairment, aged and 
young participants, participants with various social backgrounds. The adaptations derive 
from the methodology built at the TechLab (Peyrard 2022) and other projects mentioned
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in the literature (Orpwood et al. 2005; Plos  2011; Magnier et al. 2012; Guffroy  2017) 
(Figs. 2 and 3). 

Fig. 2. Five examples of the “Extreme users” cards that question the exclusion created by design 

Fig. 3. Three examples of the “Designing for all” card that question the application of universal 
design principles 

The “ethics of cocreation” cards provide questions on 8 ethical dimensions of cocre-
ation: consent, openness, personal data, security, expectations sharing, value sharing,
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confidentiality and influence. These are directly derived from the research led at the 
TechLab and the analysis of the projects led (Peyrard 2022). 

Our tests showed that the cocreation cards do not address exactly the same public as 
inclusive design cards. Inclusive design cards can indeed be played with novices, with 
any person interested in innovation. They help in raising awareness on the exclusion 
created by design and give paths to apply inclusive design. Cocreation cards address 
people that are already in an inclusive mindset, ready to involve people with disabili-
ties in their cocreation process. They help in creating a cocreation methodology. They 
raise awareness of the methodological and ethical stakes. With students, the two card 
games could be used to teach the two parts of inclusive innovation: inclusive design and 
cocreation (Figs. 4, 5 and 6). 

Fig. 4. One example of “cocreation methods” card

5 A Game Design Embracing the Inclusive Innovation Process 

The gameplays evolved after each of the four tests. Three gameplays emerged, one 
for players developing a product or service, one for players not developing a product 
or service and one for players already engaged in a social and/or inclusive innovation 
project. 

5.1 Training Players Not Developing a Product or Service 

In this gameplay, the players do not focus on their own product or service but focus on 
products or services that we suggest. They are asked to form groups of 3 or 4 people. 
This gameplay focus on the “inclusive design” part of the game. The main goal is thus 
to teach the participants how to design a better, more inclusive, product or service. The 
game consists of several parts:



218 E. Peyrard

Fig. 5. Two examples of “Involving everyone” cards 

Fig. 6. Two examples of “Ethics of cocreation” cards

1. The game starts with an introduction of design exclusion and extreme users. It shows 
several examples of products invented or improved for the needs of extreme users 
(ex: the remote control). 

2. An “object” or “service” card is given to each group. 
3. “Extreme users” full set of cards are given to each group. Within a defined time 

(30 min in our tests), they are asked to identify exclusions created by the design 
of their object or service and resolution ideas (either improvement of the object 
or a totally new object). They are invited to consider the whole usage sequence of 
the product or service (information, purchase, installation, use, …) and to reflect on 
how the improvement for extreme users will benefits all users. To foster participants’
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engagement in the game, they could be asked to find as many exclusions as possible 
(1 point) and as many resolutions as possible (2 points). 

4. Each group shares the exclusions and resolutions identified with the class. 
5. A presentation of the 7 principles of inclusive design is made to the class. 
6. “design for all” full sets of cards are given to each group. Within a defined time 

(20 min in our tests), they are asked to imagine new improvements to their object 
or service. To foster learning and avoid repetitions, a new “object” or “service” card 
could be given to each group. Engagement could also be fostered at this stage with 
a points system (2 points per new improvement). 

7. Again, each group shares the improvements they thought of. 
8. The game can stop here with presentations of products adapted by famous brands 

(ex: Nike Flyease or Tefal Includeo). In our tests, these 7 steps took 2 to 3 h with 20 
to 50 participants. 

9. If the course is longer, the participants can then be asked to go deeper in the product or 
service definition: product visual, product characteristics, prototype, business plan, 
marketing plan… 

An option would be to ask some groups to work on the worst product in terms of 
inclusiveness. 

5.2 Training Players Developing a Product or Service 

The card game can also be used with professionals such as entrepreneurs, designers, 
engineers or members of the marketing team actually developing a product or service. 
The gameplay is overall the same but the focus can be a little bit different. 

In the “extreme user” phase, participants can be asked to split the extreme users 
into 4 categories: non-extreme user (user who can easily use the product or service), 
extreme user (user who can use the product or service with difficulties), non-user (user 
who is excluded from the use of the product or service), out of scope user (user who can 
logically not use the product or service – ex: a man cannot use bras). The teacher can 
review and challenge the “out of scope users”. 

In the “design for all” phase, participants could select a few extreme users and non-
users to work on. The icons on the “design for all” cards will help them identify the best 
practices to addressing different types of extreme users. 

In the conclusion phase, participants can be asked to place each improvement they 
identified on a matrix “easy vs difficult to realise/small vs big impact”. An introduction 
to cocreation with extreme users can also be done. 

5.3 Training Players Engaged in a Social and/or Inclusive Innovation Project 

With players already engaged in a social and/or inclusive innovation project, the first 
phase can be played as described in the previous paragraph. A second phase of the 
teaching is aimed at organising a cocreation session with excluded users. Within a 2 h 
workshop, if each participant is engaged in a different project, the different steps can be:



220 E. Peyrard

1. Each participant goes through the set of «cocreation methods» cards to select one or 
two methods. Most entrepreneurs had already interacted with users but they did not 
have knowledge of the different possible types of interactions. 

2. Each participant shares its choices with the group. 
3. Each participant defines its ideal panel and its cocreation methodology and adapta-

tions with the set of “involving everyone” cards. The attention of participants had to 
be focused on the methodology of cocreation because the participants tended to use 
disabilities descriptions to think again to product improvements. It suggests that for 
already engaged entrepreneurs or designers, a presentation of the different types of 
disabilities could complete the first part of the game. 

4. Each participant shares its methodology with the group. 
5. Each participant chooses two “ethical questions” cards that they have not already 

taken into account. 
6. Each participant shares its thoughts with the group. 

According to the time available for the teaching, the participants can lead their 
cocreation sessions, analyse the results, and adapt their product definition. 

6 Conclusion 

We developed a card game as a tool to build engagement in inclusive innovation teach-
ing. The originality of the game is to embrace a full range of extreme users, to make  
participants work on the innovation potential of those users and to address cocreation 
methodologies with extreme users. It can be used with students and professionals and 
brings them to consider the universality of a design and methods to involve people with 
disabilities in their innovation process. Our first tests and participants feedbacks showed 
that within a 2- or 3-hour workshop, reflecting on extreme users and universal design 
approaches enables participants not only to identify improvements on any product or 
service but also to acquire a culture of inclusive innovation. Further research will be 
needed to measure the exact impact of this game, both on the creativity of companies 
and on the culture change toward more inclusive ways to design products and services. 
The game still has to be tested as a support for longer teaching. 
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