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Summary

In the recent years, many older buildings are
being transformed into more sustainable
zero-energy housing. However, next to its
advantages, there are many challenges that
still have to be tackled. One of the main ones
Is the mismatch between residents’ expec-
tations and systems’ functioning. This report
analyses the specific case of a demo-apart-
ment in Reigersbos, Amsterdam and applies
an Inclusive design perspective with a focus
on visually impaired residents. The main goal
Is to develop a solution that will decrease the
gap between residents and systems.

Through literature research, user interviews
and field research of the demo-apartment,
the challenges of the case are defined from
a human-centered design perspective. Then,
the accessibility limitations are identified on
the basis of the conducted accessibility re-
search. Different Inclusive Design tools and
suitable approaches for designing together
with visually impaired users are described.

As a result, three design interventions are
proposed. The first one is targeting the
stakeholders, responsible for choosing the
systems and products in a renovation. It is a
Booklet that provides specific guidelines and
recommendations for the decision makers to
follow. Its aim is to help them improve the
outcomes of a renovation. While this tool still

has to be evaluated in the projected use sce-
nario, according to interviews with experts, it
Is @ much needed product.

The other two proposals are concepts called
‘Tactimap’ and ‘Breathing Walls’” which em-
body the main user needs identified during
the research phase. Their target group are
the end users, namely visually impaired and
the wider public. The evaluation confirmed
that the ‘Breathing Walls' concept has prom-
ising potential for future development. ‘Tacti-
map’ on the other hand turned out to be less
prospective at this moment.

The exploration of the three concepts con-
tributes knowledge to the field of zero-ener-
gy renovations and Inclusive design. In addi-
tion, the recommendations from the booklet
can be applied immediately in the renovation
of Reigersbos so that it becomes better fit-
ting to users’ needs.

Introduction

Sustainability goals

Amsterdam aims towards zero-energy hous-
ing until 2040 (Gemeente Amsterdam, 2020).
In order to achieve this goal, many housing
renovations are being planned and current-
ly taking place, one of which is the refur-
bishment of 288 housing dwellings in the
Reigersbos neighbourhood. Located in the
southeastern part of the city, it consists of
buildings constructed in the early eighties.
The project aims towards providing the in-
habitants with a more comfortable indoor cli-
mate, improving their quality of life, while still
complying with their budget and user needs.

The challenge

Completely replacing the ventilation and
heating systems, as well as the facade, will
contribute to the energy transition. Never-
theless, many challenges have been faced
when introducing these technologies in sim-
ilar contexts in other locations. The misfit
between the user needs and the systems’
feedback mechanism and interface seems
to be one of the main obstacles towards the
acceptance of the new technology. (Boess,
S., 2022a) Moreover, the actual usage of the
systems differs from the scenarios that the

system designers envisioned. (Becchio, C,,
et.al, 2018) That leads to residents breaking
them, altering them towards hazardous envi-
ronments, and feeling that they cannot trust
them (Boess, S., personal communication,
Novermber, 2021). Solving that complex issue
requires in-depth research into the topic on
many levels that will reveal the reasons be-
hind users’ mistrust and unacceptance and
also possibilities for improvement. The ambi-
tion is to make design proposals that are as
iIndependent as possible of the specific con-
ditions of a refurbishment project and appli-
cable to more kinds of renovation.

A short-term monitoring project on resident
needs, indoor climate and energy usage has
been conducted in a first prototype apart-
ment. This apartment is available for user
research and prototyping of solutions and its
purpose is to develop requirements for the
renovation. TU Delft has run this monitoring
project. In addition, my graduation project
contributes knowledge on residents’ specific
needs and requirements and translates them
into design guidelines and recommendations
and possible design directions for future pro-
jects.

Inclusive Design

When tackling a project of such scale, we
should consider how the rich diversity of
residents’ backgrounds reflects on their
needs and values. Thus, | decided to adopt
an Inclusive Design approach to guide me
through the process. The British Standard
Institute (2005) defines Inclusive Design as
‘The design of mainstream products and/or
services that are accessible to, and usable by,
as many people as reasonably possible ... with-
out the need for special adaptation or special-
ised design.’

Stakeholders

In projects where inclusive design is a lead-
Ing value, it is often the case that we can
clearly distinguish three main groups of
stakeholders - the people who are respon-
sible for integrating the products, product
manufacturers and the final users. Ptoduct
manufacturers are beyond the scope of this
report. In this project, | focus on the other
two groups, namely the demand side of a
renovation and the residents who will use
the products. From the demand side, two
main sub-groups are recognized - one con-
sists of professionals that safeguard resi-
dents’ interests as project managers, engi-



neering advisors, building managers and the
other - from residents who volunteer to rep-
resent the rest.

Even though one of the parts of my design
is directly targeting the stakeholders who
aim to commission a renovation, the results
will also be in favour of the residents, who
are the end users. They are the direct tar-
get group for the other parts of my design. In
this project, those are people with visual im-
pairments (VIPs) as well as the wider public.
This decision was based on my background in
exploring tools for designing for visually im-
paired while the limited time span of the pro-
ject prevented me from exploring different
kinds of disabilities in detail. However, some
of the obtained results are also applicable in
other scenarios such as with older people,
low-literate users, etc.

Method

This report consists of four main sections,
describing the project. The Double Diamond
approach (Design Council, 2004) (Fig. 1) cor-
related with my needs. As initial challenge,
| have started with the statement that res-
idents misunderstand the newly introduced
systems and interfere with them in undesira-

ble ways. That leads to a decrease in their ef-
ficiency and potential health hazards for the
residents. As | was provided with the freedom
of choosing a specific goal and creating my
own path, | spent the first diamond defining
it. | started by establishing the main research
question and three sub-questions:

In what way could zero energy housing ren-
ovations be optimized in terms of matching
residents’ needs with heating and ventilation
systems’ functioning with a focus on visually
impaired users?

What are the functional challenges
with the systems currently installed in
Reigersbos demo apartment?

Which characteristics of a product make
it accessible to visually impaired users?

What are the accessibility limitations of
currently installed systems?

Together with a team of fellow students and
our mentor Stella Boess, we have closely
studied the connections between the systems
in the Reigersbos demo-apartment and the
experiences of potential residents through a

series of eleven stays at the unit. Next to that,
| conducted an in-depth analysis of the needs
and wants of users with impaired vision both
through literature research and six user in-
terviews.

In the ‘Define’ phase or as | named it - ‘Syn-
thesis', | translated the discovered insights
into actionable design guidelines and re-
quirements which | call Design Challenges
and Design Fundamentals. They served as
main principles in the ‘Develop and Deliver’
phase. Furthermore, | reflected on the initial
goal and defined a sub-problem statement
with sub-questions as follows:

In what way can we enable stakehold-
ers aiming to commission a renovation to
make decisions that improve accessibili-
ty?

How to address the identified design chal-
lenges in a concept as a whole?

During the ‘Develop’ phase, | briefly continued
with research on humanity and technology, as
some knowledge gaps were identified. In the
meantime, | explored various ideas through
brainstorming with fellow students and tar-

get users. Considering the fact that | want-
ed to provide immediate value for the stake-
holders while still incorporating most of the
findings, | chose to develop two deliverables
- one short-term oriented design targeting
decision makers and one long-term orient-
ed targeting end users. The first is a Booklet
with guidelines and recommendations while

the second is a set of two concepts, suitable
for future development.

During the ‘Deliver’ phase, | mainly focused
on the content of the booklet and the future
concepts. The booklet includes summarized
information from the research phase, in the
form of Challenges, Guidelines and Recom-

mendations for Reigersbos and future ze-
ro-energy renovation projects. The Booklet
aims to provide the demand side with the
tools to take more inclusive decisions that
better suit residents’ needs.

The Future Vision concept aims to serve as
an example how the discovered needs could

What are the functional chal- | In what way can we enable stakeholders aiming to

lenges with the systems, cur-

| rently installed in Reigersbos | prove accessibility?
demo apartment?

What are the accessibility lim-

commission a renovation to make decisions that im-

| How to address the identified design challenges in a

concept as a whole?

| itations of currently installed |

mismatch between
residents’ expectations
and systems’ functionirhg

Discover

systems?

Define
//Synthesis

Develop

Fig. 1, Double Diamond model, Design Council, 2019

Booklet with guidelines and
recommendations

Future concepts



mismatch between residents’
expectations and systems'’
functioning

Discover

Discover

In what way could zero energy housing renovations be optimized
in terms of matching residents’ needs with heating and ventilation
systems’ functioning with a focus on visually impaired users? (Fig.2)

What are the functional challenges with the systems currently
installed in Reigersbos demo apartment?

Which characteristics of a product make it accessible to visually
impaired users?

1.1 REIGERSBOS

11 e
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The neighbourhood

Reigersbos is located in the Zuidoost district of Amsterdam.
(Fig. 3) It is one of 32 ontwikelbuurten (Gemeente Amsterdam,
2022). It includes a big shopping centre and a metro station.
The buildings date back to the 1980s and rise 4 floors high with
shops occupying the first one. Because of the terraced struc-
ture of the blocks, each floor's apartments have different Lliv-
ing area and orientation. In 2021, the neighbourhood provided
home to around 18 000 inhabitants. The average gross income
per year per resident is around 21 200 euros a year which falls
under the lower-income neighbourhood in the city. More than
60% have a non-western migration background. (Alle Cijfers,
2021) Currently, 48% of the residents are above the age of 65
(AlleCijfers, 2021).

Considering their social engagement, the residents have formed
a strong community through an active home owners’ associa-
tion and the housing corporation Stadsgenoot who represents
the tenants. Various entertainment and educational activities
are organized in the area like for instance the Los festival.(Al-
[Events) At the same time, citizens come together to discuss
important issues about the neighbourhood and their living sit-
uation which makes them active contributors to the decisions
made about the upcoming renovation. (B. Knaapen, personal
communication, December, 2021) Therefore, considering their
experience of the demo apartment is of crucial importance
when making a final decision on the systems that will be im-
plemented in the living units. However, the needs of one specif-
ic group are not being taken into account, namely visually im-
paired residents. Considering the identified gap between them
and systems for indoor climate (Leporini, B., Buzzi,M., 2018),
| have decided to focus on revealing their needs and applying
them in context.

Fig. 3, Reigersbos neighbourhood on the map

The refurbishment

Fig. 4, Reigersbos apartments

The refurbishment of Reigersbos’ living units (Fig. 4) is one of
the steps towards reaching the zero-energy sustainability goal
on Amsterdam’s agenda. (Gemeente Amsterdam, 2020) For that
aim, all gas technologies are being replaced with electrical ones
in order to reduce CO, footprint and comply to the increasing en-
ergy demand. (Nematchoua, M.K., Nishimwe, A.M,, Reiter, S., 2021)
These systems mark the beginning of not only a more environ-
mentally sustainable future, but their impact will also reflect pos-
itively on the residents’ quality of life. The new technologies are
expected to improve the comfort and health of residents.

In the specific case of Reigersbos, a heat-pump system is re-
sponsible for the heat and warm water supply with convector
units taking the place of the old radiators on the facade. A new
electric heater is installed in the bathroom. Moreover, a new ven-
tilation system is introduced as well as a new airtight facade. It
will contribute to increasing the energy efficiency of the system
and thus decreasing energy bills. The new ventilation units are
located on the facade where they bring filtered outside air in the
living space. In the kitchen, a recirculation hood contributes to
cleaner air during cooking.

50% of the costs for the renovation will be covered by a munic-
ipal subsidy while the rest of the amount will be provided to the
homeowners as a loan which they would pay monthly during the
next 30 years. (B. Knaapen, personal communication, February 6,
2022)

Currently, the project is at the stage of creating a definite plan
for the refurbishment. The extensive Reigersbos team research
together with the results generated through my own part of the
project, can contribute to choosing the best fit between techno-
logical solutions and user needs.

13



Maln Challenges Residents’ expectations
INn zero energy renovations > »

System’s functioning envisioned usage

residents’ actual usage

Latest research has thoroughly examined the causes of various issues, emerging among
residents as a result of zero-energy renovations. Many suggest that in the core is the
misfit between systems’ functioning mechanisms and residents’ expectations about
them. (Becchio, C., et.al, 2018) (Fig. 5) The concerned parties have to be well aware of

Fig. 5, Zero-energy renovation challenge, Fig. 6, Desired scenario

undesired scenario

the actions required f'or a successful implementation of a new technology. Good under- Addressing values of the residents prior to the final implementation of the technologies,
stgndlng of residents’ needs is c;rumal, together with clear initial |'ntroduct|on and sus- could yield positive results instead. (Boess, 2022¢) (Fig. 6) Correctly identifying the user
tained support, as a steep learning curve is expected to occur. An improper approach is needs’ leads to choosing more suitable systems depending on the specific context. In
likely to result in a misfit leading to undesired interactions between the residents and the long-term that brings on one hand the satisfaction of residents and healthier indoor
the system as setting it on unrealistic values, turning it off, avoiding maintenance, etc. climate, while on the other - more energy efficient systems
UNDESIRABI F SCENARIQ DESIRABI F SCENARIQ
. . . : Misfit between residents’ Undesired interactions Implementation of new _ N Match between residents’ . .
Implertmlir;]t::l%n of new —I— R?S'dentlf. unfamlt:ar_wnh — expectation and system’s —I— between the resident technologies with _I_ Ch°°i:enc%rr:ﬁgei?;u't've — expectations and system's —I— olzleswﬁzas;zt;;f:;
gy 'ts working mechanism functioning and the system prior user research g functioning Y Y
requires: requires: might lead to: might lead to: requires: requires: leads to:
g 0 I\ 2 g ® @]
Steep learning curve Initial introduction and Resi(;jenr:s dc; not under_— Tu_rlnir_19 off the Small learning curve Initial introduction and Residents understand Efficiently working
for the resident training stand w adtotinz system is ventilation system by the resident training and trust the system systems
o G " N 1?‘ )
c X v
Establishment of new Sustained Setting the heating or venti- Avoiding maintenance, Evolving old habits by Sustained Less unexpected Improved residents’
habits for the residents support and monitoring lation to unrealistic values leading to systems’ the residents support and monitoring undesired scenarios comfort

damage
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The demo apartment

One of the apartments in Reigersbos has been transformed
into a demo-apartment where new systems for heating and
ventilation are installed. | have built a 3D model for provid-
ing context for research and later design. (Fig. 8,9) On Fig.
7 the heating units are marked in red, while the ventilation
units are blue. It currently serves on one hand as a place
for discussion between residents and the housing associa-
tion and on the other - for user and system testing.

Heating system

room 2

room 1

kitchen

J I

living room

11

Fig. 7, A drawing of the floorplan of the apartment
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Fig. 8, Side section from the South side of the apartment
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Method

System analysis

This part of the project is a team work be-
tween our mentor Stella Boess and fel-
low students. The focus lies in the activities
that were strictly connected to the Reiges-
bos neighbourhood. | discuss the results of
the user research which we led in the de-
mo-apartment.

Initially, we performed a task analysis of the
systems. Four main characteristics of the
indoor climate were considered - temper-
ature, air quality, noise and luminance. The
demo-apartment was equipped with sen-
sors that gathered data for the temperature,
CO2 levels and humidity. In order to obtain
detailed insights into the user experiences
of the apartment’s climate comfort, we or-
ganised eleven user stays and derived both
gualitative and quantitative data which was
transformed into practical requirements and
recommendations.

As the report emphasizes on the importance
of the right match between user and system,
this relationship was examined carefully
through the extensive user study.

User Research

After investigating the basic working prin-
ciples of the systems for heating and ven-
tilation, we applied them to the structure of
the user questionnaire. The questions were
separated into themes for easier analysis
and better understanding. We included basic
tasks as cooking, sleeping, showering and
cleaning so the range of the generated data
would be broader.

| played the role of a pilot user. Then | spend
2 days and nights at the apartment, perform-
ing the tasks from the questionnaires. This
helped us improve it and set the start of offi-
cial stays. | did not take an active role during
the phase of recruiting participants and or-
ganising their actual stays.

Eventually, we gathered 18 filled-in interview
forms which provided insights into people’s
experiences of the unit. We carefully analysed
them and identified challenges and trends.
The qualitative data from the questionnaires
was aligned with the quantitative data from
the sensors which allowed for more objec-
tive conclusions. | will describe further the
ones that are in the scope of this project.

Prototype limitations

During the research, we encountered some
limitations. For example, during the stays,
the heat pump was controlled by the sup-
pliers without our knowledge. That also led
to the situation where the heating has been
turned off for a couple of days while we were
not aware of that. Moreover, the incorrect
thermostat controller was mounted on the
wall - it was intended for professional use.
Furthermore, the ventilation system was not
set on the appropriate setting which creat-
ed high CO2 values and sometimes a lot of
noise. Such factors hindered the usability
testing of the systems. It should be also tak-
en into account that the heat pump that was
chosen for the apartment was designed for
constant use. As its application did not cor-
respond to the design, it took a long time for
the warm water to come.

Temperature

Heat pump

This is one of the systems installed in
the apartment that is believed to be more
eco-friendly than gas. (Verhagen, T.J., van der
Voet, E., Sprecher, B., 2020) This specific heat
pump uses the technology of low-tempera-
ture heating which means that the system'’s
response to big temperature changes is
slower. (D. Sakellari, M. Forse’n, P. Lundgvist,

' Slow system feedback

consequences for the residents

hard to understand whether the system is working

2006) Therefore, in such case, big heat-loss
could result in the system trying to compen-
sate for it by working really hard. However,
that increases the usage of electricity and
lowers the efficiency of the system. Such un-
desired heat-loss might occur for instance
when windows are left open for long periods
of time during cold weather. In order to avoid

such situations, residents have to be aware
of how the system works and what are the
desired and undesired processes that they
could initiate with their actions. Efficient-
ly adapting the system to their own needs
requires sufficient knowledge and support
which could be acquired from the parties re-
sponsible for systems’ functioning.

Lack of direct warm air stream

consequences for the resident
- unable to identify by touch whether the convector is

DK

confusion why their needs are not met L 5° working or not
climate discomfort s ) - could not receive direct heat supply when feeling ————
frustration because they do not know how to reach the de- L 9° cold (hands, feet)

sired result

consequences for the system

being set on unrealistic setting (too high/too low)

high energy consumption
failure to keep up with residents’ commands

discomfort

ture)

consequences for the system
receiving unrealistic comands (too high tempera-

X

that could lead to inefficiency and energy waste

residents interfere needlessly and decrease the efficiency

Consequences for design

Immediate feedback from the system to the
residents is recommended as it will enable
them to take better informed decisions about

. the commands they are giving to the system.

Detailed information about what actions it is
currently executing should also be accessi-
ble for optimal feeling of control. This could
be presented as visual, auditory, haptic or
tactile data. Providing transparency is ex-
pected to build trust between the residents

and the system which would lead to less in-
terference from their side and more energy
efficient system.

19—



Control

The low-heating mechanism does not pro-
vide direct tactile feedback like warmth com-
ing out of the heating unit or warm unit itself.
That might confuse the users that the system
is not currently working, while actually, it is.
Such lack of understanding might lead to un-
realistic commands from the side of the user
which could result in energy loss.

The potential resident would be able to con-
trol the heat pump either through an app or
a touch thermostat on the wall. Here, | want
to register the fact that neither of those op-

A newly developed app for the system (Appendix D)

— 20

some control instruments do not correspond with sys-

tem’s functionality (Fig 11)

some main rules for accessible interface are not kept

(Fig.11)

lack of option to connect other devices e.g. sensors, trig-

gers, etc.

does not support residents in keeping track of their ener-

gy usage easily
illogical color usage (Fig. 1)

tions was properly working during the user
research. During a meeting with the system
providers, it was discovered that the thermo-
stat which was positioned on the wall was
intended for professionals.(Fig. 10) However,
a similar thermostat interface is available
which targets the resident but we did not have
the opportunity to investigate it. On the other
hand, the app did not connect to the system
which was working independently. These ob-
stacles hindered the conclusions concerning
the control of the apartment temperature.

DHW

40

Invoer / Uitvoer

26126

Fig. 10, The incorrect thermostat on the wall
intended for professional use

EXAMPLE:

indicates that the system
is warming up, however
the co_lor is b_lue which is ) el q
associated with cold

Verwarming 21.5°C

< Terug

Is that good or bad?

Kantoor

Huidige waarden

21.5°C

l *

Verwarming 215°C

Ventilatie 1

Overzicht alle apparaten

Indicates that the air
quality is good, however
the color is orange which
is attention-grabbing

It does not change when
the indication turns to

=

Fig. 11, Evaluation of screens from the app

Too easy to move it back
and forth - hard for the
system to react to rapid
changes

Bathroom heater

The electric heater which is placed in the
bathroom is another important component
that influences the temperature in the apart-
ment. This space requires a direct source of
heat as it needs to be quickly dried in order
to prevent mold growth and contribute to
healthy living environment. (Niemeyer, SM,,
2008)

It is a stand-alone element and does not
communicate to the heat pump system. It is
equipped with its own controller piece on the
body, located in the down left corner through
which the resident can control it separately.
The interface consists of slightly raised but-
tons and small screen from which the resi-
dent could turn it on/off, set the desired tem-

perature or program it.

The two main issues with the bathroom radi-
ator are concerning the controller unit. (Fig.
12) Its position is very uncomfortable while it
provides no other option to work with it. Cur-
rently, the resident has to bend under the sink
in order to be able to reach the buttons. See-
ing the screen is even more difficult also be-
cause of the angle. Moreover, the buttons are
too small to be recognised from too far, as
well as the Figures on the screen. Currently,
that imposes health hazard on the residents
as there is also a high risk of hitting their

head on the sink when standing up. (Fig. 13)
Wireless control units for electric bathroom
heaters are already available on the market.
Therefore, | would recommend substituting
the current one with one that provides op-
portunities for connectivity and remote con-
trol.

In addition, the unit is not currently commu-
nicating to the heat pump and the heating
convectors. A more energy efficient solution
could be opting for a interconnected heat-
ing system. Such decision will also avoid the
scenario where the resident has to shower
in a cold bathroom because he forgot to turn
on the heater. He could also forget turning it
off which would lead to needless excessive
energy usage because he could not reach the
controls to program it when to stop.

Fig. 12, The controller of the electric bathroom
heater
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This video is part of one my design proposals which is explained in detail
in_Design Process // Booklet. Here | use it to show the perspective of the

resident to the reader in the case with the controller in the bathroom.

Heat pump and electric Consequences for design —_—_— = = = = — = — = = = = = = = = = = = = = = = = — = = -
radiator do not communicate {

A control hub that unifies the three sys-

consequences for the.re.5|Qents: . tems is recommended. Consequent- |
- harder to operate with it in the most efficient way .
ly, the user will only have to learn one

more factors to think about | \ r

discomfort (if the residents forget to turn it on or off) e\ interface and would be able to interact | i
inability to control everything remotely —> W't.h the systems more _eaS'Ly and ef- | T
ficiently. Furthermore, this control hub
consequences for the systems: could provide an overview of the apart- |
not synced ment and the current processes. This
harder to function efficiently would give the user with valuable in- |
excessive energy usage if the radiator is put on a formation and allow him to take better
high setting and forgotten informed decisions. |
|

Concerning the position of the control-
Bathroom radiator Controll_er ler of the bathroom heater, there are |
is hard to reach (Fig. 13) — two more favourable qptions.- The first |

one is to choose a radiator with a con-
troller positioned at the top corner. The |
other possibility is to opt for a control-
ler which provides Wi-Fi connection. |

consequences for the resident:
. difficult to control (hard to reach, hard to see)
the residents might hit their head on the sink

lack of other control option (Terma, 2022a) That way, it could not |
climate discomfort (if the residents could not oper- only be programmed and controlled
ate with it as they wish because of it's location) remotely but it could also connect to |

the other heating system and exchange

consequences for the systems: data, contributing to the house energy |

left on longer than needed - energy waste ‘ efficiency.
being set on a wrong setting because of the lack of Very low for nnls; hard |
visibility access to read (knee injury)’,

Boess, S. (2022b) |

Fig. 13, Video simulation, press the play button to watch
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https://drive.google.com/drive/folders/18Jj9MmIKUOjokNKttWOIUP11R-TxdKKY?usp=sharing
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Solar radiation

The factor of solar radiation was shortly ex-
amined during the task analysis. However, in
the run of the project, | have found that it could
have significant influence on the perceived
thermal comfort of the residents. (Chinazzo,
G., Wienold, J., Andersen, M., 2019) According
to the aforementioned experts, users tend to
feel more comfortable at a temperature of 19
degrees with high luminance level, compared
to a low one. And the other way around, with
higher temperature of 27 degrees, they pre-
fer low luminance levels.

Figures 14, 15 and 16 visualise the light in
Reigersbos according to the seasons and
time of the day. The only period when there
Is direct light there, is in June, early morning.
Therefore it should be considered how that
might influence the perceived thermal com-
fort of the residents. On the other hand, much
light penetrated in the bedroom 1. (Fig. 17)

During the study of the demo-apartment,
manually controlled blinds were used to in-
fluence the sunlight in the bedroom. This as-
pect should be carefully considered for fu-
ture implementation, as the integrity of the
new facade should not be compromised. That
could complicate the process of finding suit-
able sun shading products.

Consequences for design

Being aware of the solar radiation in the
apartment could mean that stakeholders
could choose to integrate such technologies
in the renovation which would make use of it
in the most efficient way. For example, if au-
tomatic blinds are to be installed, they could
be programmed in such way that they let the
sunlight in to support the heating system or
keep it out when it is too hot to avoid over-
heating. Furthermore, that information has
implications on the type of overhang and type
of glass.

If such installations are not integrated, the
information could be used to advise citi-
zens about the most efficient ways to use
the sunlight. For example, let's imagine that
it is wintertime. A resident goes out early in
the morning for work while it is still dark and
forgets to open the curtains. The space then
lacks the source of sun heat for the whole
day.

.A

Fig. 14, LIght study, Living room, January, 10AM

"‘

B

e

Fig. 15, Light study, living room, March, 1PM

L2

Fig. 16, LIght study, Living room, June, 7AM

‘ ‘ ‘| worked in the bedroom during the most of the day because there was sun in there and it was
warmer and brighter than the living roon’,
Boess, S. (2022b)

Fig. 17, Video Simulation, Light Study
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Air quality

The ventilation units, that are mounted on the
walls, supply the indoors with fresh filtered
air. A motor unit that is located inside of the
extraction pipes in the ceiling is also a part
of the ventilation system. It detects humidi-
ty levels and how much air is being extract-
ed. By sending this data to the inlet units, the
system successfully maintains a balanced air
pressure inside the apartment.

The units are equipped with sensors that
track the CO2 levels and are responsible for
keeping them within the desired boundaries.
Even though the system is meant to work
mainly automatically, that was not the case
during the research. This was caused by nu-
merous factors, among which the wrong po-
sition of the CO2 sensors and some unknown
interventions from some experts, influencing
the main settings.

While staying at the house, the participants
could also change the settings manually. The
system provided two types of control - the
app and the button on the unit itself. Each unit
has one long button which could be pressed
at three places (left, middle, right). This is not
indicated in any way. By pressing the but-
ton, the user can put the power up and down
while receiving immediate feedback from the
air through the outlet and by looking at the

lights. (Fig. 18) However, in case the system
does not respond to the given commands
accordingly, the user could easily unplug it
from the power source. This is not desirable
as then the CO2 levels are not under control.

Confusing controls on
ventilation units

consequences for the residents :
difficult to set the system on the desired setting
a cause for confusion and frustration
self-doubt if they interact with it ‘correctly’
climate discomfort
compromised air quality

Fig. 18, The controls of the ventilation unit

consequences for the systems:
undesired changes to some main settings
hard to function efficiently and autonomously - energy waste
working unnecessarily (when there is noone at home)

Consequences for design

The most desirable scenario is that the system works well autonomously and requires
minor user interventions. If such are needed, the app should be made more compre-
hensible and the interface on the unit itself should be improved. More clear and tactile
buttons can contribute to that. The interactions between the user and the system have to
be fluent so unplugging is avoided.

M\\

Fig. 19, Incorrect grabbing of the
filter of the ventilation unit

Concerning the maintenance, the paper fil-
ters of the ventilation units have to be cleaned
regularly which might pose another issue.
When maintenance is performed, the shell of
the unit has to be taken away. The controller
board that is on the shell is connected to the
body only by a soft extension cord as you see
in Fig. 19. That connection could be broken
really easily. The next step is taking out the
paper filter. However, as there is no assigned
handle or a place to grab it, the user could
damage it by grabbing it incorrectly. (Fig. 20)
When cleaning is finished, the shell is put
back on. However, the user does not receive
any feedback if he has put it back correctly or
not. 1out of 9 participants partly guessed the
right way to clean the ventilation unit (Boess,
S., 2022b) which confirms the unintuitive-
ness of the maintenance process.

X

Fig. 20, The cable that
connects the unit with
the cover

/7~

Complicated maintenance
is required (cleaning and
replacement of the filter)

consequences for the residents :
fear of damaging the system
avoiding performing maintenance

experiencing worse air quality in terms of CO2

opening the windows more often which could cause

excessive energy usage of the heating system

consequences for the systems:
inefficient working (not filtering well)
long-term damage
shorter life-span

Consequences for design

filters could be damaged
because of the lack of clear
indication of a grabbing spot

|

main cables could be easily

< Terug

De filter
toe. U kunt via deze eappeenne weflter
bestellen

t

Beschrijving

rvan uw Jaga Oxy.

Veelgestelde vragen

Hoe vervang ik een filter?

Is the message sup- .

ported with an ex- | Berichten

planation how that B Grichevireis

could influence the P

residents? son e seconcin sl Ruimte
" &

Onderhoud nodig

Hoe vaak moet ik de filter vervangen?

detached

Is there easy access
to visually support-
ed manual about
how to perform
maintenance?

Is there direct con-
nection to a prof-
fesional who can
support the resident
during mainte-
nance?

Fig. 21, Screens from the app developed for Reigersbos
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The research showed that the ventilation
system can cause very disturbing loud noise
when trying to lower the CO2 levels. That
problem occurs as the system is not working
consistently hard enough to balance the lev-
els at all times. Instead, it waits until the CO2
levels rise considerably and only then takes
an action that results in a very hard venti-
lation process which creates an unbearable
noise. Furthermore 7 out of 18 participants
mentioned that the noise form the heating
and the ventilation systems bothered them.
(Boess, S., 2022b) It seems that the noise
from the air extraction system was the most
common cause for complaint.

/

Loud noise from systems

\_

consequences for the residents:

disturbance and annoyance

using the ventilation system less than intended which
could lead to high CO2 levels

health hazards because of the high CO2 level

consequences for the systems:

might be turned off directly from the plug
inability to keep up supplying fresh air
inability to maintain the balanced air pressure
inside

‘ ‘There are some installations
that make noise, especially
around the bathroom, ventila-
tion at the fagade was quiet.,
Boess, S. (2022b)

‘The ventilation hood in the kitch-

en and bathroom was on for a

long time, that was quite loud.
Boess, S. (2022b) '

-~

Having the head close
to the ventilation is

not nice. Nice, clean
air, but too cold.
Boess, S. (2022b) ' '

The ventilation units at the apartment are
bringing air directly from outside, filter it
and dispense it inside. During the month of
the most user visits from the monitoring pe-
riod, April, the average temperature was 7.7
°C (Weathertovisit, 2022) . Thus, the air com-
ing in through the ventilation units was con-
siderably colder than the inside air (around
19°C). Several participants mentioned the
discomfort that the cold air stream from the
ventilation units created. (Fig. 22,23) It made
some change their sleeping position (feet to-
wards the window) because of sore muscles
caused by the stream. Others mentioned that
they felt their feet cold during the day. (Boess,
S., 2022b)

-~

Cold air stream from
ventilation units

consequences for the residents :
discomfort in terms of temperature
sore muscles
using the ventilation system less than intended which could lead to
high CO2 levels
health hazards because of the high CO2 level

consequences for the systems:
might be turned off directly from the plug
inability to keep supplying fresh air
inability to maintain the balanced air pressure inside

o

Consequences for design

According to the user feedback, it would be better if the cold air stream
is removed. In that case, installing ventilation units which preheat the air
before letting it in, is a feasible solution. On the other hand, decreasing the
cold air supply will increase the efficiency of the heating system.

Fig.22, Visualisation of a woman sleeping while the cold air stream from the
ventilation blows at her head

Fig. 23, Visualisation of a person working at the desk while the cold air
stream from the ventilation blows at his feet
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Air extraction

Air is being extracted from the space through
three outlets in total. They are located in the
bathroom, in the toilet and in the kitchen.
All of them are internally connected to the
same motor of the bathroom outlet. There-
fore, when the motor in the bathroom works
longer, for example after someone took a
shower and the humidity rose, more air is
automatically being sucked also from the
outlets in the toilet and the kitchen which is
not desirable because it causes heat loss.
(Knaapen, B., personal communication, De-
cember, 2022) The resident does not have
access to its control mechanism.

On the other hand, as the apartments have
an open kitchen plan, a recirculation hood is
installed in the kitchen which has become
a standard choice in highly energy efficient
houses. (Rojas, G., Walker, |.S. and Singer,
B.C. 2017 ) It is positioned above the stove
where it decreases the concentration of the
NO2 and PM2.5 in the air and disposes it back
into the same room. (Jutulstada, A.H.N., Yang,
A.,  Schild, P.G.,, Chaudhuri, A., Thunshelle,
K., 2022) It is controlled separately. More re-
search is required into the characteristics
and performance of the installed hood in or-
der to determine its efficiency.

Passive and active cooling is not available
at the moment. Various solutions are being
considered for the warm months of the year
as the temperature inside tends to become
unbearable when the building units are ex-
posed to long hours of sun. That is outside of
the scope of that project.

Consequences for design

While the main extraction mechanism is au-
tomatic, | recommend a manual switch for
the extraction in the toilet. A ten minutes de-
lay for automatic turn off could be added so
there is no waste of energy. Such decision
would improve the comfort of the users.

Conclusion

During the conducted user research, the
main issues with the apartment were de-
fined. According to literature, some of them
are common for other zero-energy hous-
es as for example the slow response to big
changes in temperature of the low-temper-
ature heating system(Leporini, B., BuzziM.,
2018) Another example is the weird loca-
tion of some controllers (Rooney, C. et.al,,
2017). We observed that the majority of the
participants were confused by the controls
of the heat pump and the ventilation units.
The bathroom radiator was the most un-
derstandable, however, some participants
pointed out that the position of the control-
ler is too low which makes it inaccessible
for them. Moreover, the cold stream from
the ventilation unit seemed to cause dis-
comfort when standing close. The expected
mismatch between the users’ expectation
and system'’s response was confirmed by
the data from the user interviews. Never-
theless, we could not draw definite conclu-
sions on the latter as some prototype errors
and unpredicted events prevented the users
from interacting with the systems freely.
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1.2 ACCESSIBILITY

Here starts my individual part of the project. This chapter pro-
vides insights about the importance of accessibility in our society.
Systems and products that serve in the every-day life of a visually
impaired user are discussed on the basis of desk research and
user interviews. | focus specifically on smart systems and their
control methods and add-ons as this correlates to zero energy
renovation projects. Their characteristics are described in detail
and summarized into visuals. | also describe how those translate
into the practices of each user which they explained during the
interviews. Different tools for designing for and with VIPs were
tested as well during the sessions.

Why is It important?

How would you feel if that happens to you?

Imagine this scenario:

It is late in the evening, you are sitting on the couch and
your halfway through a movie. After it ends, you want to
take a shower as always. First, you want to preheat the
bathroom. But then you remember - you cannot control
the bathroom radiator because it is not accessible to you.
Your wife can but she is already asleep. Should you wake
her up or should you just go to bed without showering...

While visual impairment is already associated with reduced sense
of well-being (Schifferstein, H. N. J., Desmet, P. M. A, 2007), exclud-
ing a person from his home environment is highly likely to contrib-
ute to that. As one of the main goals of a renovation is to improve
residents’ comfort and well-being (Gatt, D., Caruana, C., Yousif, C.,
2020)(WHO, 2021), provoking such feelings, especially while in the
safe space of their home has to be avoided. To respond to these
needs, the decision-making process in housing renovations should
be driven also by the thought of accessibility next to all other factors.
Heylighen & Bianchin (2018) suggest that by addressing usability in

Fig. 24, Feelings of a person when being excluded (Appendix B)

context, the needs of more diverse group could be covered. They
define it as the extent to which ‘agents can convert a resource—in
other words, a city, a neighbourhood, a building, a space—into a func-
tioning’. In one of the official standards ‘NEN 17210: Accessibility
and usability of the built environment - Functional requirements’
it is explicitly stated that it has to be ensured that ‘ventilation
and heating equipment are operational’ from all kinds of diverse
users. That makes designing inclusively not just and option but a
requirement which the concerned parties have to comply to.

What accessibility does is not only improving the well-being of
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the users. It also has the potential to increase social and envi-
ronmental sustainability. (Dolores, M., Garrido, P.,2015) When the
resident can access the system, not only could he influence his
own indoor climate comfort. He is able to understand and know
the system and therefore comply to its needs. This is likely to re-
sult in better cooperation and more energy efficient system. Hav-
ing control does not only mean being able to change the temper-
ature setting but also being in control of your own living space,
aware of your energy usage and on-going processes.

Even though, | have chosen to focus on residents with visual im-
pairments, many of their needs overlap with those of other user
groups, e.g. older people, ones unfamiliar with such technology,
etc. Besides, this project is focused on inlcusivity which is de-
fined as ‘The design of mainstream products and/or services that
are accessible to, and usable by, as many people as reasonably
possible ... without the need for special adaptation or specialised
design.” As Microsoft (2016) states, ‘accessibility is an attribute,
while inclusive design is a method'. In that manner, | aim to design
solutions, also desirable for the wider public rather than products
strictly directed at VIPs. Therefore, the insights, acquired during
that phase could also serve as input for other future projects.

In 2021, WHO argued that then ‘at least 2.2 billion people have near
or distance vision impairment’. There are four levels of distance
visual impairment - mild (below -3.00 diopters), moderate(-3.00
to -6.00), severe(-6.00 to -9.00) and blindness (above 9.00). Then
we could assume that all people who wear glasses, experience
the effects of visual impairment when being without them. Even
though, each case and stage of disability leads to different ex-
periences, people with mild cases could stumble upon the same
difficulties in specific situations. For example, when going to the

Fig. 25,
most
common
types of
visual
impair-
ment

bathroom to take a shower, in many cases we tend to leave our
glasses outside. Therefore, we should also take into account that
In many scenarios we have a situational compromised vision.

However, many cases of visual impairments are not correcta-
ble by standard means as glasses, contact lenses, medication or
surgery and as such, they prevent the person from performing
everyday activities. Some of the most common causes are Cat-
aract, Diabetic Retinopathy, Macular Degeneration, Retinitis Pig-
mentosa and Color Blindess. As a result, | categorized 6 types of
field of vision for demonstration. (Fig 25.)
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Accessibility in products

In this section | discuss the accessibility fea-
tures of various products. First, | explore the
topic of accessibility before focusing specifi-
cally on the VIP experience. Hence, my initial
desk research includes information about
people with different disabilities - from mo-
tor disabilities through deafness and loss
of hearing to visually impaired. Numerous
statements proved true for most cases:

Ultimately, though, the smart
home excels at helping people
with disabilities live a more in-

dependent lifestyle.
Ceriola, R. (2021)

‘Bring empowerment, dignity.’
NBC News, (2017)

| would like to emphasize on the connection
between independence and empowerment.
(Leporini, B., Buzzi,M., 2018) Little do we know
and pay attention to the mental well-being of
people that face such challenges. Prior re-
search (Appendix B) has found that we tend
to mostly focus on convenience and practi-
cal functionality while the emotional aspect

is left behind. However, many target users
mention that accessibility also empowers
them and brings them a sense of self-worth
and confidence. (Kumar, D., 2018) In my pre-
vious research, it was discovered that those
are some of the main pillars in the frame-
work for emotional well-being. (Appendix B)
That is why | would like to underline again
how important it is to design inclusively
through applying personalized and flexible
product features.

Smart systems

Overall, the systems that these people use
in their everyday life to control their homes
are mostly smart systems like Apple Home
Kit, Google Home, Alexa, Hive and other sim-
ilar devices that they control mostly by voice.
(Leporini, B., Buzzi,M., 2018) Furthermore,
some emphasised the importance of the
simple operation of the system and a good
working app that has the function of a basic
remote controller. Another interesting fea-
ture was ‘routines’ where the user could ac-
cess valuable complex information through a
single command.

Now, | will discus the topic further with a fo-
cus on visually impaired users.

NO
ONE
SIZE

FITS
ALL

approach
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Products for VIPs

In this section of the report, | would like to
describe different devices accessible for
VIPs. | used them to learn what are the most
important features of the products that VIPs
use and the reasons behind them. Most of
the following facts are extracted from vide-
os in which users from the target group give
first-hand reviews about their own experi-
ences with certain products.

The first object that was valuable for my re-
search was a smartphone with tactile but-
tons, a new generation, specifically designed
for VIPs called BlindShell Classic 2. (Fig. 26)
(The Blind Life, Oct 2021) The reviewer said
that this time the creators have incorporat-
ed the essential features for both users with
low vision and no vision. That makes it really
accessible and adapted to the user needs.
The next device on the list is a portable mag-
nifier. (Fig 27.) (The Blind Life, May 2021) Many
of its features are the same as those of the
smartphone.

¢

Fig. 28, NFC add-on (The Blind life, 2021)

Fig. 27, Portable magnifier (The Blind life, 2021)

Some of the most important features
that he had mentioned and which are
widely applicable are:

Programmable button on the side -
quick launch of apps
vital information on the home screen

easy navigation through the menu with
a click of a button

SO0S button on the back
high contrast colors
buttons with high tactility
loud speaker

compatible with different visual aids
add-ons (Figure 28)

NFC reading function
audio feedback
offline voice dictation
color filters options
shortcut buttons

pocket-sized

Other products, specifically designed for the
VI public had very similar characteristics.
Thus, we will leave them out for now. Instead,
we will discuss the application of those fea-
tures into a digital product which is designed
for the wider public, while many accessibility
functions are implemented. Apple is a very
good example of that. (The Blind Llfe, Dec
2021) Their list of accessibility settings is
long and elaborate. (Fig. 30)

Another device that provides at the same
time smart and tactile functions are the Flic
smart buttons. (Fig. 29) They are compatible
with countless systems and allow the user
to assign various functions to each button
when programming it through a smart phone.
Then, they could be labelled and glued to dif-
ferent spots.

Fig. 29, Flic 2 (Flic, 2022)

Accessibility

Accessibility features help you customise your iPad to your
individual needs
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Kitchen context

After listing those requirements for the ac-
cessibility, | would like to discuss other pain
points that are connected with people’s vital
functions as eating and therefore cooking.
One of the new alternatives to gas stoves
that are applied in zero-energy renovations,
are the electrical induction hobs. However,
the old fashioned tactile knobs are replaced
by a touch control panel. This technology is
inaccessible for VIPs. Having only flat touch
buttons, it is impossible for people who do
not see to indicate where they should touch.
Therefore, that kind of new kitchen appli-
ance is not suitable for this target group. Any
kind of sound feedback is also lacking, which
means that users could not even learn how
to use it over time.

Imagine not being able to use your own kitch-
en safely and comfortably. Unfortunately,
many VI users experience that daily. As they
do not feel abled enough to use their kitchen
appliances safely, they just do not cook. (The
Blind Life Live, Oct 2021) However, that is not
only more expensive which is an important
factor for a target group with an almost 80%
unemployment rate (The Blind life, 2018) but
also it is unhealthy.

Therefore, many VIPs have invented their
own tricks for a more accessible kitchen.
Also during the course ‘Inclusive Design’, it

became clear that they have adapted most
of their kitchen utilities. During the desk re-
search, some more interesting adaptations
were discovered. Some users are applying
bump dots on the almost flat push buttons in
order to be able to remember which one is
for what. In some cases, that might also help
them using a touch panel, but then each but-
ton has to be assigned with only one func-
tion, so it does not work with multifunctional
buttons. (The Blind Life, Mar 2021) Another
important function is sound feedback. That
Is how they know if they have pressed the
right button and if it is on the right setting.
Moreover, when you control something only
by voice, it is of crucial importance to receive
audio feedback. There has to be a confirma-
tion that the command is accepted. For in-
stance, Google Home and Amazon Eco are
some examples for good voice control func-
tions as they always send voice feedback
when they have received a command or per-
formed an action.

At the same time, not all accessible devices
have to be smart. VIPs also use different talk-
Ing devices as for instance a kitchen scale
(The Blind Life, Mar 2021) or a thermometer.
Furthermore, some companies have devel-
oped ways to adapt existing devices by mak-
ing them more accessible. One example are
the talking knobs of Iris Huys.(Fig. 31) An ad-

vantage is that they could be attached to al-
ready existing kitchen appliances. However,
the price of 569 Euros for 2 knobs seems too
high for this target group. The affordability
issue will be further elaborated on.

Fig 31Talking oven knobs (Iris Huys, 2022)

Smart systems

In this section | will discuss the functional-
ities that smart home systems provide with
a focus on indoor climate. While keeping in
mind the diversity of existing devices, | have
picked two smart thermostats to describe in
more detail, as | believe that they incorporate
many of the features that | find important for
the goals of the project. Those are namely
Ecobee (Fig. 33) and Google Nest third gen-
eration (Fig. 32). We will discuss their over-
lapping qualities and then their unique fea-
tures.

Both systems have a touch control interface
and a built-in voice control function. Only
the most important information is available
on the screen which in this case are the de-
grees. Moreover, they are compatible with
other softwares such as Amazon and Google
assistance which provides another option for
voice control through an app. Moreover, that
provides the user with the option to control
his home from distance which could lead to
better comfort and energy saving. He also
has the opportunity to connect other smart
devices as well. For instance, a presence
sensor could detect if someone is in the room
and sends commands accordingly. That par-
ticular feature is believed to save energy be-
cause the system is not working when there
Is no one at home. However, that is one out
of tons of possibilities to make your home

smarter which will be elaborated in one of the
user interviews below.

Nevertheless, it became clear that many
times those systems do not work as intended
in terms of efficiency. Even though they are
said to be smart and to control the energy us-
age in the most energy efficient way, this is
not always the case. Some users mentioned
that they needed many trials and errors in or-
der to find out what are the best settings for
their particular home and heating system.

‘| learned the hard way that
| should not trust the smart

thermostats decision-making'.

Smart Home Solver,(2021)

He further explains that the process of dis-
covering has been long and complicated as
it has involved gathering information from
many additional sensors. (Smart Home Solv-
er, 2021) Here comes the problem that few
people are that technically experienced and
engaged with the energy usage of their house
and level of sustainability. Therefore, if you
are not one of them, it is highly likely that you
will leave the smart system to run by itself,

negligent of the processes that are happening
in the back. Of course, that would not cause a
problem if the system is properly developed
in the first place.

On the other hand, the Nest thermostat is said
to have a better learning mechanism. More-
over, it incorporates some useful features in
the Google home application. It allows you to
make different schedules so it learns what
Is your daily routine. Moreover, the user can
check how much energy he has used, when
and for what.(Tech with Brett, 2020) That cre-
ates transparency and builds trust between
the user and the system. —
_ | / hest
mastat (Google, 2029) 4 il

§ HEATING

(2)

Fig 33, Ecobee3 lite thermostat (Ecobee, 2022)
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Affordability

So far, we have observed a positive tenden-
cy that big companies try to excel in digital
accessibility. However, that is not the case
with the rest of the products. A recent study
argues that even though modern home ap-
pliances bring advantages to our every day
lives, ‘due to the lack of accessibility sup-
port from the manufacturers and designers,
a considerable number of people in need
of accessibility support have been ignored'.
(Lee, J.H., et.al., 2021) They also add that the
most recent innovations actually could be
more difficult to use for these groups than
old-fashioned products. A simple example
are the hobs controlled only by touch.

On the other hand, there have been many
developments in the products specifically
designed for VIPs. This is especially because
their needs are closely studied while they
are becoming more involved in the process.
(The Blind Life, Oct 2021) Unfortunately, most
of those products are still in the high price
range. While one of the reasons for that is
the high-end technology inside, another is
that the demand for assistive devices is too
little. As the total costs for R&D, manufactur-
ing and marketing have to be split between
the demand, the market price stays high. (The
Blind life, 2018) Considering that VIPs have
one of the highest unemployment rates -
around 80%, many times those products turn
out to be unaffordable for the target group.

In order to support them in getting the devic-
es they need, many assistive services have
been established. They can provide some
technologies, especially if the users need
them for employment or education. There
are also different grants, crowd-sourcing
platforms and second-hand devices availa-
ble for VIPs. Still, many of these devices stay
out of the reach of the ones who need them.

In the coming years, it is expected that the
demand for assistive technologies will in-
crease when Generation Z, which has been
brought up with technology, grows older.
They are the ones more likely to use it when
their vision worsens with age while the baby
boomers who are not used to such devices
are less likely to want to learn in their lat-
er years. If that prediction proves correct,
the prices are expected to go down too. (The
Blind life, 2018)

Tools for designing for VIPs

One of the initial goals of the project was to
investigate what kind of methods are devel-
oped for helping designers to create inclu-
sive products. The most common ones are in
the form of official international guidelines
and requirements - some about how to de-
sign spaces and products (NEN-EN 17210)
while others focus on digital accessibility.
(Graham T., Goncalves, A., 2017)(EN 301549

The simulation glasses (Fig 34) on the oth-
er hand are an educational tool that allows
people with a regular vision to gain a critical
understanding of the challenges that visual-
ly impaired people face every day in various
activities. They are useful when designing for
visually impaired users. It has been prov-
en that the empathy and creativity of peo-
ple with regular vision increase significantly
after a simulation session with the glasses.
(Raviselvam, S., Holtta-Otto, K., Wood, K.L.,
2016) Silverman (2015) advises to perform
such simulations under the guidance of a
professional as otherwise it could result into
negative effects. Different pairs are devel-
oped in order to mimic a wide range of visual
Impairments.

An app called ‘I have low vision’ is also a
tool that shows different types and stages
of visual impairments in real-life. It could be
used on a phone or in VR. (I have low vision,

2022) Websites, imitating different types of
color blindness also exist. (Colblindor, 2021)

In rare cases, | could find tools or methods
for co-creation with the users. Numerous
were proposed for organizing physical work-
shops with this user group. Some included
providing accessible information pamphlets
and questionnaires written in Braille, dif-
ferent means of documenting results like
talking rather than writing. Audio cues were

\
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also applied in some cases. A very interest-
ing tool that was presented at a symposium
was ‘BlindPad’ which was a device that could
physically create various 3D shapes. It could
be used for orientation in different locations
or shape learning for children. (Living In-
novation - EU Project H2020 ) Other tactile
means like Lego were also among the used
tools because they allow VIPs to express
their ideas physically.

Fig 34, Cambridge Simulation
Glasses, Inclusive Design Toolkit
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During one of the interviews, | tested wheth-
er it is efficient to present information to
visually impaired through embroidery. (ZSK,
2020) | embroidered the floor plan of the
demo-apartment on a piece of paper with
bright colors so | could provide them with
some context. (Fig 35) | made a second iter-
ation (Fig 36) on a thicker paper and narrow-
er stitching as the first one was not sturdy
enough. | used bright colors because some
VIPs could be able to distinguish them. That
was not true in the case.

Another reason to use the embroidery meth-
od was to show in advance that | have some
understanding of the topic as is happened to
be difficult to discover the latent needs of the
users during a first-time conversation. As
those participants were very easy-going and
open, | cannot determine if the tool contrib-
uted to the insights they gave.

Still, the interviewees could easily under-
stand the floor plan and explain what kind
of rooms there were. With enthusiasm, they
confirmed that this is good way to present
accessible information.

Fig. 35, First iteration of embroi-
dered floor plan

Fig. 36, Second iteration of em-
broidered floorplan

User interviews

As a way to evaluate the findings from the
desk research and expand the gathered data
for the design phase, | conducted 6 qualita-
tive open-ended user interviews. In order to
obtain more diverse insights, | have recruited
participants from different nationalities and
backgrounds. One was a Bulgarian (Expert
user 1), completely blind as a result of losing
his vision 20 years ago. He was an expert in
accessibility and coaches other visually im-
paired people how to use digital applications.
Moreover, he is an active contributor in cre-
ating accessible recommendations for the
institutions responsible for voting machines.
(BNR, 2021) Two of the other interviewees
(Expert user 2, 3) were also experts in the
field, visually impaired themselves. They
were also coaches of other VIPs.

The other three participants were regular
users, one of which fully blind (Regular user
2), one able to slighlty distinguish light and
bright colors (Regular user 3) and one with
overall blurred vision and night blindness
(Regular user 1).

Five were employed and one was retired
(Regular user 1). Three of interviews took
place in real life and three were led online.
One of the real-life interviews was combined
with a filed study. The data contributed to an-
swering one of the research sub-questions:

What are the accessibility limitations of
currently installed systems?

In order to assess the accessibility during
the interviews, | wanted to understand to
what extent ‘agents can convert a resource ...
into a functioning’ (Heylighen, A., & Bianchin,
M. (2018)

Story-telling was the main tool | used to ex-
plain in detail about the systems in Reigers-
bos and their interfaces - functionalities and
controls. Then | asked the participants to im-
agine how they would perform specific tasks
as for example changing the temperature
setting. That approach helped identifying the
possible accessibility limitations of the sys-
tems while also uncovering additional ac-
cessibility requirements.

Striving to discover the latent needs of the
users, | asked them to talk about their hab-
its, the products they liked using and the ob-
stacles they meet in their everyday life. (Ap-
pendix C) The focus of the discussion mainly
laid on the indoor climate and interaction
controls. The two of the interviewees who
were coaching visually impaired people how
to use various technologies, shared valuable
iInsights about common user behaviours ob-
served in their practice.
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Field research &
reguar user 1

The company Visio has established a Living
Experience Lab in Apeldoorn which is a room
with all kinds of integrated smart systems.
Currently, it serves as a showroom for the
residents of the unit. There they could test
different technologies and decide which
ones are the most suitable for them. Dur-
ing my visit there, one of their clients made a
demonstration of how she interacts with all
the smart systems there. She also narrated
her experience which provided a valuable
layer of insights.

Moreover, one of the staff members was also
present and he explained how all the smart
systems are actually being set in the first
place and how are they all controlled and
connected.

My first observation was that the space inte-
grated many of the smart systems that | have
researched online in real life as for example
Google Home. As smart radiator knobs were
connected to it, the resident could control the
heating with a simple voice command. (Fig.
37

Different routines were programmed through
the app which could be activated not only by
voice but also by just pressing a single button.
(Fig. 37) A morning routine and a back home
routine are some examples. There were sen-

sors on the windows, doors and even on the
drawers that could be used as triggers. (Fig.
37) A presence sensor was also installed.
(Fig. 37)

| noticed that the client sometimes had prob-
lems guessing the exact right command in
terms of choosing the specific sentence that
the system would recognize. Nevertheless,
more often than not, the voice control func-
tion worked pretty well. Furthermore, it al-
ways gave audio feedback when receiving
a command. The interviewee said that she
mainly uses Google Home at her own place
for finding recipes and she mentioned that
she really likes how patient it is with her -
it waited until she could prepare all the in-
gredients before going further. Concerning
the stove, she said that she prefers physical
knobs rather than voice control. She added
that she used small stickers in order to in-
dicate where she has to put the pots on the
stove. In terms of affordability, she men-
tioned that the Google Mini is a very afforda-
ble solution for her and her brother who still
have some vision left.

|Google Mini is affordable
| commands her thermostat with voice

sometimes has difficulties with
finding the right voice commands

|prefers stoves with buttons and knobs

|likes how patient Google is with her
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Expert user 1/ Bulgaria

One of the Bulgarian interviewees who is
completely blind is an active contributor
to the Bulgarian community of visually im-
paired people. After | explained what are the
systems at the demo apartment and how
they are controlled, he replied that it seems
Impossible to him to control the main ther-
mostat unit because of the flat touch buttons.
Then, he described his experience with his
personal ventilation units which are also in-
accessible as the buttons are small and un-
clear. Furthermore, whatever he presses,
the system makes the same sound which ac-
cording to him is useless. He misses well er-
gonomically designed tactile buttons as well
as adequate audio feedback. Moreover, he
mentions that many people lose their vision
as a result of diabetes, which also worsens
the touch perception in the tips of their fin-
gers and they would benefit best from audio
feedback. Currently, he finds a solution in the
mobile application through which he could
control those units separately. However, he
finds it hard to program it for different days
of the week and therefore he mentioned the
importance of following the standards and
rules for building a truly accessible app.

According to him, the more control options a
device has, the more accessible it becomes.
He believes that combining voice control
with physical buttons could cover the biggest

audience. However, he does not trust smart
systems completely because of questionable
privacy. When he buys products, he always
chooses the ones with physical buttons.
Moreover, he mentions that he already has
too many things to remember and prefers to
have straightforward interactions with the
devices he uses. He also commented on the
price of the smart systems. By pointing out
the high percentage of unemployment among
the target group, almost 90% in Bulgaria, he
underlines the unaffordability of those sys-
tems budget-wise.

|needs ergonomical tactile buttons

|requires adequate audio feedback

diabetes worsens the touch perception of
fingers

| highly appreciates truly accessible apps
|recommends to follow standards and rules

a combination of voice control and physical
buttons is desired

| doubts in privacy policy

always chooses the product with physical
buttons

| straight-forward interactions
|high price range

they already have too many things to
remember

Expert user 2/ Visio

This user is an employee at Visio, where he
conducts different trainings of VIPs. He, him-
self suffers from Macular Degeneration and
does not see in the centre but only in the pe-
riphery. That causes him problems mainly
when it gets darker so proper lighting is one
of his priorities. That is the reason why he
has installed smart lights everywhere in his
home. It was interesting that he mentioned
that he has a ‘love-hate’ relationship with
light because when it is too bright, it both-
ers him. He has installed blinds on the inside
and outside in order to be able to prevent the
sun from shedding too much light inside. The
blinds are not automatic yet but he would like
them to be.

Concerning the heating, he has a smart ther-
mostat ‘Tado’ for some of his radiators. He
controls it with voice commands and finds
that it functions pretty well. It is clear that he
Is very much involved with new technologies
and smart systems and is eager to learn how
to interact with them properly. Therefore, he
said that he dreams of a house with smart
systems installed everywhere so he could
control everything by voice. He uses an iP-
hone which has very accessible applications
of the smart systems that he is currently
using. Creating different schedules is one of
the things that he does in order to make his
everyday life easier. Furthermore, he under

stands well the compatibility of the systems
and he upgrades them step by step because
they are quite expensive. He confirms that
there is indeed a learning curve in the us-
age of such systems. However, he mentions
that if you do it little by little, that curve is not
that steep and if you are motivated, you could
easily learn the main commands. Current-
ly, he uses also a smart coffee machine and
washing machine which he finds very handy.

Concerning the ventilation system, as he
lives in a building from the 70s, where cen-
tral ventilation system is not installed, he is
using the windows for a supply of fresh air.
His home is also equipped with air condition-
ing because in the summer it becomes too
hot inside and he has to take care of the cli-
mate comfort of his pets as well. He does not
use the air conditioning for warming up be-
cause he says that the heat from the radia-
tors is more consistent. Moreover, they react
to commands fast enough and he could feel
the increase in temperature almost immedi-
ately. He has floor heating also installed and
he mentions that it feels very comfortable on
your feet.

He is very independent and has always been.
He always conducts extensive research be-
fore buying devices which most of the time
guarantees their accessibility afterwards.

For instance, he would like to replace the gas
stove with an induction one. Nevertheless,
he is still researching which ones provide
the best usability and he hesitates between
buying one with voice control and one that
Is equipped with physical knobs. He worries
that maybe the one with voice control will
need an app in order to function well and he
does not want to be interrupted while he is
cooking and having to look at his phone.

He has also trained many elderly to interact
with such systems. He noticed that the level
of education played an important role in their
desire to learn. ‘The ones that were motivated
have achieved remarkable success, he says.
On the other hand, some of the people still
preferred a simple interaction with one but-
ton with must-have audible feedback. That is
why he suggested the invention of add-ons
for different smart systems.

The idea of one unified transparent smart
system that would show him what and when
the house is doing fitted him. He added that
he would also like to see what the water us-
age is.

| smart lighting is very important for him
| bright light bothers him

|tech expert
|wants to turn everything at home smart

|upgrades step by step because of high
prices

the learning curve of smart systems is not
that steep

|likes the schedule function

always does extensive research before
buying a device

|some of his trainees still prefer one button
interaction

|audio feedback is a must

| suggested creating add-ons

| some simple tasks require a lot of energy
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Expert user 3 / Visio

As an employee at Visio this interviewee
tteaches visually impaired users from the
age of 8 to 89 how to use smart devices. He
still has some remaining vision. In his job, he
notices that most people do not know any-
thing about smart technologies. Most of them
feel anxious about them because they have
to be regularly updated and maintained. Even
though he mentions that the speed of learn-
ing is different depending on motivation, life-
style and stage of life, he says that overall
younger people are less anxious and do pick
it up faster. They tend to think more about the
profits rather than the problems that might
occur.

In his home he has smart lighting and smart
thermostat Tado which he controls by voice
and also physical buttons. He noticed that
people are getting too used to automation. An
example he gave was how people were ask-
ing if the phone calendar sends notifications
for appointments as if the paper calendar did
send some. He believes that a combination of
smart devices and regular things is needed.

Keeping track of his energy usage motivates
him to see that he spends less with every
month. Concerning the cooking experience,
he uses induction stove with buttons. He
notes that a smart stove always needs a sta-
ble wi-fi and adds that there will always be
market for knobs.

The smart lighting system has to be reset
at least once a month which might cause a
problem for some users. Many of the other
smart systems also have distortions and re-
quire different actions in order to keep func-
tioning. That might be very frustrating for us-
ers, especially when manufacturers are not
transparent about those. He proposes that
companies provide troubleshooting videos
on the internet.

He believes that too much automation is also
bad. He compares our future to the Wall-e
movie, an analogy which | really liked and
even used in my vision in the next chapter.
Moreover, he mentions that good ideas al-
ways meet resistance in the beginning. Ac-
cording to him, instant gratification does not
give the best products.

He believes that the device should help peo-
ple when needed only and suggests to give
them options rather than only solutions, a
system that communicates with you. Anoth-
er option that he mentions is to connect the
indoor climate with the outdoors because for
instance 20 degrees inside in the summer
feel differently than 20 degrees in the winter
while he mentions that everybody have a dif-
ferent experience.

| youngsters pick up technology faster
|people are too used to automation

recommends a combination of smart
devices and regular things

|there will be always market for knobs
| smart systems have to be reset often

frustration is caused by unexpected system
errors

companies have to be transparent about
possible issues

Regular users 2,3

One of the interviews was led with two users
simultaneously - a man and a woman who
worked at a blind-fold restaurant. | discov-
ered that could be a good approach as they
were friends which created a safe space
for free sharing of thoughts and ideas. That
resulted into more in-depth insights and
proved how different their experience was as
the woman still had some remaining sight,
while the man was completely blind.

They both said that they mainly relied on ac-
cessible applications. When he couldn't ac-
cess something, he used the help of a friend
or the app ‘Be my eyes’ (Be My Eyes, 2022).
At the moment, they preferred older electric
appliances because of the physical buttons.
She mentioned that she recently encoun-
tered the problem of not being able to find
a built-in oven with physical knobs. The only
available ones were too expensive, she add-
ed. He labelled his hobs with stickers so he
could use them. He emphasizes on the fact
that ‘there is a big difference between a prod-
uct being usable and a product being accessi-
ble - it needs to be intuitive to use instead of
needing adaptations’.

In the future, they would like to have all of
their appliances automated and controlled
by voice. When | asked if they would not feel
bored then, they replied that they would just

He owned an automated vacuum cleaner
and mentioned that even though it was ad-
vertised as completely autonomous, this is
only the case under certain circumstances.
For example, you have to make sure that
the floor is free from cables and that there
are not spots where it can get stuck. He was
disappointed that he could not leave it alone
while he is away but has to keep an eye on
it and provide help when needed. What he
encountered is a problem with transparency
about the actual functionality of the product.

As she still can distinguish bright and dark,
lighting is very important to her. In compari-
son with other users, she wanted everything
to be very bright.

|want be able to talk to all the appliances
| cannot imagine not being able to open a window
|use ‘Be my eyes’ or the help of a friend

|lack of transparency about products functionality

what will be the influence on kids health when
being brought up in such sterile climate

there is a big difference between a product be-
ing usable and a product being accessible - it
needs to be intuitive to use instead of needing
adaptations

|lighting is essential

she prefers to have super warm indoor climate,
she does not want to put on extra clothes
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Summa 'Y // smart systems

On the basis of the desk research of acces-
sible systems and the following user eval-
uation, the main advantages and disadvan-
tages of smart systems were defined. (Fig.
38) Some of the characteristics are neither
pluses nor minuses as for instance the app
support. When accessible, it serves as great
means of interaction and control. Nonethe-

"...bring empowerment, dignity’

less, some users mentioned that they do
not completely trust the privacy policies
and would rather not use it. Voice control
was another functionality, triggering mixed
opinions. While adding an accessibility lay-
er to each device, it could be frustrating and
confusing when the user cannot guess the
exact command. Self-learning mechanisms

+ —

also were found misleading sometimes.
Even though being advertised as highly au-
tonomous, more often than not they needed
an initial manual adjustment tailored to the
specific space. Only then, they can provide
efficient autonomous experience for the res-
ident.

limited means of control

keep track of energy consumption app support unreliable (bad connection)
compatible with many add-ons voice control difficult trouble-shooting
option to make routines self-learning unaffordable

simple operation

customization

maintenance

Fig. 38, Summary of the characteristics of smart systems connected to accessibility and heating systems
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Fig. 39, Summary of the required means of control

The rest of the accessibility require-
ments, described during the research
were sythesized. That way they are
more comprehensible for people to
use. They are later included in one of
my design proposals.
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Conclusion

This section provided an extensive overview
of the needs of visually impaired users and
how are they being embodied in products.
The user interviews confirmed many of the
insights, discovered during the desk re-
search, and expanded on them. Good exam-
ples of accessible products, also appealing
for the wider public, were discussed. While
some are still too expensive, others are
more affordable and positively contributing
to the users’ well-being by bringing them in-
dependence and empowerment.

One of the most important takeaways is that
when striving to develop an accessible prod-
uct, the best strategy is to apply a participa-
tory approach where you involve VIPs in the
process. Otherwise, they mention, there are
many products that are designed for them
which they do not really need or use. This is
as a result from them not being able to give
their opinion and contribution to the process.

Furthermore, the users that | interviewed,
as well the literature review, confirmed that
one-size-fits-all approach is implausible
for users with disabilities. (Bichard,J., Cole-
man,R., Langdon, P., 2007) Every person’s
disability is different, everyone has learned
to tackle it in their own way. Therefore, a per-
sonal approach is one of the most important
things to keep in mind when designing for

this target group.

The main insights from the chapter were
summarized so they could be applied into the
next phase of the project where accessibility
and zero-energy renovations come together.

Define

Define

What are the accessibility limitations of systems currently in-
stalled in Reigersbos?
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2.1 ACCESSIBILITY IN REIGERSBOS

In this section | apply the layer of accessibility on the systems
in Reigersbos. By performing an accessibility assessment while
following specific guidelines, | manage to identify the accessibil-
ity limitations that might arise during usage in terms of control,
feedback and maintenance, etc.

Accessibility evaluation

In orderto assess the accessibility systems in
Reigersbos also according to official stand-
ards, | have sorted out a number of require-
ments from ‘NEN 17210: Accessibility and us-
ability of the built environment - Functional
requirements’. They cover the main aspects
of the living environment that are influenced
by housing renovations. Then, on the basis of
my prior desk research and user interviews,
| provide a detailed analysis of each require-

Requirements

1. Accommodate to limited sensory abilities (in that case visual impairment)

2. Access equipments and facilities

3. Operate equipments and facilities

4. Access and understand information via multiple senses (e.g. signage, apps)

5. General ICT usability and accessibility

6. Natural lighting

Questions to ask:

1. Do the choices of technology accommodate residents with impaired vision?

2. Do visually impaired residents have free access to the chosen technology?

3. Are visually impaired users able to operate with the chosen technology freely?

ment. The decision-makers in renovations
such as Reigersbos have to be aware of the
need to comply with such requirements. Ex-
perts in the field of accessibility stress the
importance of applying those into projects
that will be used from wide variety of users.
(Expert user 2) Otherwise, users could be
unintentionally excluded from being able to
interact with the surrounding environment.

4. Does each selected technology provide three options for interaction (visual, audible and tactile) ?

5. Does the digital interface provide accessible features for visually impaired residents?

6. What amount of natural lighing penetrates the living space?

55



56

Question 1,2,3

The first three questions are vital. | have
closely examined each system at the demo
apartment on the basis of the_accessibili-
ty requirements that | have defined earlier
during the research phase. By explaining the
working mechanisms and interfaces of the
systems to VIPs during the user interviews,
| could determine the level of accessibility
of each technology. During the open-ended
interviews, | asked users to imagine possi-
ble scenarios and on the basis of their own
experiences, they identified possible limita-
tions and additional issues that might arise.

Heat pump

Currently, the heating system installed in
the demo-apartment provides one option
for control - an application which is still in
developing phase. | had the opportunity to
evaluate screenshots from it but not its func-
tionality. That leads to another important ac-
cessibility standard - EN 301549 for digital
accessibility. One of the stated requirements
is that ‘at least one mode of operation that
does not require vision should be provided'.
In that case, the app should be compatible
with the screen reading software of a smart-
phone, so the user can have its content read
out loud. To be possible for the software to
recognize the buttons in the app, they have to
be labelled correctly. Therefore, the app has
to be designed and programmed accessibly
on the first place.

Another requirement is ‘provide a visual mode
of operation that does not require user percep-
tion of color’. When applying different color
filters simulating different visual impair-
ments, on the screens of the app, | conclud-
ed that overall the readability is insufficient
as the contrast of some elements is too low.
(Fig. 40)

Kantoor © Kantoor &

Fig. 40, Color blindness simulation on the Reigersbos
app, (Colblindor, 2021)

In combination with the app, it is envisioned
thatthe system will be controlled also through
a thermostat on the wall. However, as an
effect of a prototype mistake, the currently
installed thermostat had a screen interface
designed for professional technicians. That
prevented its usability testing. Nevertheless,
the same manufacturer provides the same
thermostat with a screen interface designed
for regular users. (Fig. 41) That allowed me

Fig. 41, Thermostat controller (LG, 2021)

to evaluate the identical parts of the product
as the buttons. Having completely flat touch
buttons makes it extremely hard for VIP to
interact with it. Such user would have the
option to adapt it into a usable device by la-
belling it with bump dots. However, Regular
User 2 emphasized that:

The same requirements as for the app are
valid for the screen of the thermostat. | did
not evaluate it as the ‘user’ version was not
available to me.

Even in case that the app is fully accessible,
4 out of 6 interviewees stated that they would
feel more comfortable in terms of reliability
if the system provides three options of con-
trol - app, voice control and tactile control.
Such intervention would allow them to act
in unexpected situations as for example if
the network breaks down. According to the
standard SO 21542: ‘Information in audible,
visual, tactile and simple language formats
should be provided where possible ... visual
information to be supplemented by audible in-
formation plus tactile information where appro-
priate...”. In the case of Reigersbos, such op-
tions are not available. Furthermore, direct
heat feedback is lacking which prevents the
user from identifying even in a tactile man-
ner if the system is working.

Bathroom radiator

Concerning the radiator that is in the bath-
room, it has tactile buttons. and a simple
small display. However, they are hard to
reach because of the low position level and
the sink. During the interviews, VIPs com-
mented that even though they would be able
to feel the buttons, again the lack of voice

feedback, would prevent them from know-
ing on which temperature setting they have
put the device. Moreover, they thought that
the buttons are too small and lacking any
embossment or indication which one is for
what. Furthermore, because of the lack of
audio feedback, the function of programming
the heater would also be inaccessible. The
same is valid for the display as it is too small
and lacking contrast.

When | was in the apartment, | also used the
simulation glasses set. (Fig. 42) It mimics
cataracts, vision degeneration because of di-
abetes and tunnel vision. From the pictures,
it becomes clear how inaccessible the con-
troller unit becomes when you have a com-
promised vision and no other option to inter-
act with it. (Fig. 43)
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Fig. 42, Simulation glasses set | used
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\_ Fig. 43, Simulation glasses applied on the bathroom radiator controller- normal vision, catarcts, diabetes, tunnel vision )

/

\_ Fig. 44, Simulation glasses applied on the ventilation controllers - normal vision, catarcts, diabetes, tunnel vision Y,

Ventilation units

The ventilation system provides tactile con-
trol button on each unit. However, it is not la-
belled, does not have embossment and gives
the same audio feedback when it is pressed.
According to the user interviews, that is im-
possible for visually impaired residents to

control. ISO 21542 states that ‘embossment,
has to be min. rise of 0.8 mm, preferred is

Immto 1.5mm’. There are light indicators to
show the power it was set on but they are
too small. (Fig. 44)

The units require complicated maintenance
of filters. As that could be especially frus-

trating for visually impaired users to handle,
they have to rely on professional mainte-
nance. Designing simple maintenance pro-
cess does not only favour users but also
companies as it could decrease support ex-
penses.

Air extraction

The recirculation hood in the kitchen is
equipped with accessible tactile controllers.
One aspect that could be improved is the
physical shape of the hood. One user point-
ed out that he prefers rounded corners as it
Is safer.

The main air extraction unit is out of reach

for the user to control as it is integrated in
the extract pipes. (Knaapen, B., personal
communication, December, 2022) The noise
that it creates could be disturbing for the
residents as some people who stayed at the
apartment shared. (Boess,S., 2022b) Having
low or no vision, VIPs rely mainly on their
other senses. Thus, they are using their
hearing to orientate and identify what is go-
ing on around them. Some even mention that
‘your hearing develops so much as you almost
got an x-ray vision’. (UPROXX Studio, 2016)
One of the most surprising findings was that
some VIPs have learned how to navigate
through passive and active echolocation.
Passive echolocation means that they are
using the sounds that are already in the en-
vironment to determine what are they sur-
rounded by. The active echolocation, on the
other hand, means that the person is emit-
ting some sound and waits for the wave to
come back.(Be smart, 2019) Then, they could
envision their surrounding in 3D with amaz-
ing accuracy (BBC Earth, 2014) - ‘image the
world acoustically’. (UPROXX Studio, 2016)

Having that information, we should consider
two scenarios:

1. Being able to identify what is the system is
doing at all times.

2. Have a constant noise disruption that the
user not only finds more disturbing because
he/she is more sensitive to sound but also
hinders his/her sense of orientation.

| would like to stress the importance of this
aspect. Still, more research is needed in or-
der to suggest possible solutions which is
out of the scope of this project.
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Fig. 45, Diagram of the accessibility limitations in Reigersbos

From the research, it becomes clear that ac-
cessible smart thermostats and electric heater
controllers do already exist. Some of the ones
mentioned earlier are not only more suitable for
people with visual impairments but also for the
rest of the residents because of their broad func-
tionality and compatibility. However, they are not
being implemented in the current renovations.
That indicates that there is an unaddressed need
for connecting the right systems to the right sce-
narios. That could be achieved through careful
investigation of systems available on the market
and connecting them to users’ needs.
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Design challenges

In order to respond to that gap, | have summarized the
gathered knowledge and translated it to Design Challenges
and Design Fundamentals. The Design Challenges highlight
the main problems that need to be solved while the Design
Fundamentals serve as criteria to evaluate concepts.

DC 1 Provide comfortable indoor climate

Having a good indoor climate is important for the us-
er's well-being. Considering the low-temperature heat-
ing technology, the product has to be the means through
which the user will create a comfortable home ambience
and could even help him excel in that by giving advices and
recommendations.

DC 2 Accessible interaction controls

The system has to be equipped with controls that are ac-
cessible both for VIPs and the wider public. The best com-
bination of controls has to be chosen for the specific case.
The previous section will be used as reference.

DC 3 Provide a feeling of control

Some users feel like smart systems are taking the control
away from them while executing actions that they are not
aware of. | still want to give the user opportunity to say the
final word for all processes and the opportunity to keep
track of them.

Design Design Design
challenges solutions

fundamentals

Iterations

DC 4 Provide options for customisation

In order to provide the target group with more options,
customization is key. They have to be able to choose their
preferred interactions.

DC 5 Balance between automation and activity

| want the product to be balanced between full automation
and physical interaction.

DC 6 Affordability price-wise

It is important that the product is not too expensive be-
cause VIPs are mostly unemployed and they cannot afford
too expensive devices.

DC 7 Reliable system

The device has to be reliable because VIPs would have dif-
ficulties doing troubleshooting themselves. Moreover, if
one control option becomes disabled, another one should
be available. For instance, if the wi-fi breaks down and the
voice control becomes unavailable, another interaction
option should be provided.

Design fundamentals

By combining the accessibility research with the zero-energy renovation research, the following
Design Fundamentals were formed. They serve as a set of requirements that guide us in the se-
lection and design of suitable systems for accessible zero-energy renovations.

Design for accessibility

Inclusion is one of the main goals of this project. Therefore
it is crucial that the designed solution is accessible to VIPs
while also desirable for the wider public.

Design for trust

When leaving the control of your home to a smart system,
you should definitely trust it. The user has to be sure that
it is indeed executing the desired commands at the right
time and he should be able to check that at any given mo-
ment. It is also desired that possible bugs are envisioned
and being transparent about.

Design for low-maintenance

As the bigger part of VIPs usually need assistance for
tasks that are not performed often, low maintenance
products are preferred. Not only they need to ask for help
more rarely but for them that also means a more reliable
product.

K

3

Design for simplicity

Certain commands have to be executed with as little actions
as possible. Moreover, the interactions should be natural
and familiar. Only vital information should be presented,
unless additional information is explicitly asked for. Simple
interactions are in the core of accessible interactions. Sim-
plicity in terms of maintenance is also desired.

Design for adaptability

Each visually impaired user has different needs and hab-
its. Some want more automation while others prefer to do
things the old way and | want to give them the option to
choose. Therefore, it is very important that the product is
adaptable.

Design for robustness

The product has to be solid both in terms of physical char-
acteristics and software. Reliability and easy troubleshoot-
ing are required.
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How to apply them
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Fig 46, Example of the application of the Design Fundamentals

This is an example on how the Design Fundamentals could

be used. By creating an evaluation matrix on their basis, dif-

ferent products can be compared, so the most suitable one
for the case is chosen.

Booklet with Guidelines &
Recommendations

Future concepts

Develop Deliver

Develop & Deliver

In what way can we enable stakeholders aiming to commission
a renovation to make decisions that improve accessibility?

How to address the identified design challenges in a concept as
a whole?

How to improve the communication between the system and
the user in terms of understanding, control and functionality
RGER Y
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3.1 DESIGN SPACE

While the project aimed to provide immediate
value, it also strived to make use of as many
of the findings from the research as possi-
ble. That resulted into creating two design
directions - a short-term and a long-term
oriented one. On that basis, two sub-ques-
tions emerged:

In what way can we enable stakeholders
aiming to commission a renovation to
make decisions that improve accessibil-
ity?

How to address the identified design
challenges in a concept as a whole?

The two questions are targetting two differ-
ent groups as defined earlier.

Target group 1

Those are the people responsible for choos-
Ing the products and systems in a renova-
tion such as project managers, engineer ad-
visors, resident volunteers, etc. Therefore,
the solution has to be easily understanda-
ble by people with diverse occupations and
backgrounds. It also has to be simple and
time-efficient as usually in such projects
there is no space for wasting time. | want
to achieve the biggest improvement as pos-
sible at the cost of as little effort as possi-

ble from the target group. The solution has
to lower the threshold for decision-makers
to pay attention to the accessibility aspect
of the project. It also needs to be motivating
and revealing the value of such intervention.

Target group 2

On the other hand, the second question aims
to find a solution which is intended for the
end users. They could be visually impaired
or not, as one of the main requirements for
the solution is to be inclusive and appeal-
ing to both them and the wider user group. |
used the accessibility requirements, the De-
sign Challenges and the Design Fundamen-
tals as quidelines and requirements for the
idea generation phase and later during the
selection process.

| led brainstorming sessions both on my
own, with the users and experts, and with
fellow students. (Appendix |) By clustering
and combining ideas, three main concepts
were defined. First, | will elaborate on the
design of the Booklet which answers the
first sub-questions and targets the deci-
sion-makers. Then | will describe the design
of the to Future concepts which target the
end users.

3.2 DESIGN PROCESS // Booklet

In what way can we enable stakeholders
aiming to commission a renovation to
make decisions that improve accessibil-
ity?

| first started brainstorming about the first
design question. Having already researched
many tools for designing for VIPs made me
aware of the existing gaps. Most of the tools
were targeting only one aspect of accessi-
bility - for example the simulation glasses
could give an idea of what it is like to have
a compromised vision. However, addition-
al explanation is require in order to be able
to translate the data from the experience
into usable information. On the other hand,
official accessibility standards which are
around 300-page documents each, required
a lot of time to be carefully read and stud-
ied. In most big scale projects as housing
renovations, time is limited and should be
used efficiently. There are also many web-
sites that share insights about accessibili-
ty but again, there is the same time barri-
er. Someone has to take the time to search
for the relevant ones which means filtering
a lot of information. Therefore, the solution
needed to be simple, straight-forward, easi-
ly comprehensible and accessible. This way,
the threshold of using it would be lower and
the likeliness of people applying it would
increase. As expert user ‘| am stunned that
such information exists but is not being spread

and applied.’

Another issue with online materials is that
they require self-initiative on the first place
in order to be found. And people tend to miss
such ‘special cases’ unless they have expe-
rienced the problem first hand. (Expert user
2)Thus, the product also needed to be able
to trigger empathy so it could motivate peo-
ple.(Toi, M., & Batson, C. D, 1982) | knew that
the awareness about the topic has to be in-
creased.

On the other hand, | needed a way to stress
the issues with Reigersbos demo-apart-
ment so they could be fixed now and avoided
in future renovations.

| thought about the ways that could be
achieved. One of the main ideas that emerged
after talks with experts, was defining guide-
lines, requirements and recommendations
- clear and concrete. They could be created
and applied fast, leading to immediate re-
sults. Some forms of communicating infor-
mation in fast and understandable manner
that | considered were info-graphics, post-
ers, drawings and models. The poster that |
created for a conference in Amsterdam (Ap-
pendix E) gave me some initial directions of
how | could proceed.
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Then, | brainstormed about different ways of
providing information. (Fig 48) Eventually, a
combination of all three is desired as being
the strongest approach.

The current design incorporates the select-
ed information in the form of a physical and
digital booklet. A pamphlet was too short to
deliver the message while a book was too
long. The physical copy could be more com-
fortable for some (Jansen, F., 2021), while
the digital one is more easy to access and
distribute. Next to that, the booklet refers to
different tools, one of which is the app ‘I have
low vision” which simulates different kinds
and stages of visual impairment in real time.
It can also be experienced in VR. That ap-
proach could help project managers to take
on a new perspective and make better in-
formed decisions when it comes to selecting
the right systems.

For bigger engagement and extra dimension
of interaction, the videos introduced earlier
are implemented in an AR app. (Fig. 49) They
were designed for the aims of the booklet
to trigger empathy with the residents and
engage the reader. One of the reasons for
choosing specifically an AR was that | want-
ed a more untraditional way to support the
booklet. | thought that such addition could
draw more interest to it.

Nonetheless, personal communication is al-
ways preferred as being more convincing.
(Community Tool Box, 2022) Therefore, even
though it is not currently incorporated into
the concept, | recommend including it in the
long term. For example, workshops with ex-
ercises and presentations where the book-
let is introduced could be organised. Such
intervention could considerably expand the
application of such tool for inclusivity. One
of the users mentioned that ‘This knowledge
should be included in the education of people
responsible for making such decisions as ar-
chitects, project managers, system engineers.’
Furthermore, some of the tools proposed in
the booklet, as for example the ones simu-
lating visual impairment, are more efficient
when applied with the guidance of a profes-
sional. Then they could result in a richer and
more valuable experience. (Silverman, AM,,
2015)

Concerning the content, based on my re-
search, | concluded that it would be very
valuable if | could show people how to make
an accessibility evaluation of already exist-
ing products. Then, those, responsible for
taking decisions in a renovation would have
the opportunity to take better informed de-
cisions, which are matching the needs of
users for the specific case. During the re-
search, it was discovered that the product

suppliers are often unaware of the acces-
sible features that a product provides and
thus fail to communicate that to the clients.
This is why | translated my process of ac-
cessibility evaluation of Reigersbos into
concrete steps to be performed by non-de-
signers. Through several iterations, | shaped
them in the form of a basic tool-kit for in-
vestigating the accessibility of systems’ both
physical and digital characteristics. In some
cases, the result of the evaluation could be
that several different products are suitable.
Thus, | present the ‘Design Fundamentals’
evaluation matrix. It incorporates 6 general
requirements that a product should fulfil in
order to succeed in the context.

All the information in the booklet is based
on the conducted desk research and user
iInterviews, some of which was presented in
the first chapter of this report.

As with this booklet | am aiming towards im-
mediate contribution, | also provide a list of
advice with specific_recommendations both
for zero-energy renovations as a whole and
also for the specific Reigersbos case. Con-
sidering the conducted research, | believe
that their timely implementation will im-
prove the results of the renovation consid-
erably in terms of systems’ energy efficiency
and residents’ comfort.

As many of the detected issues are also typ-
ical for other zero-energy renovations, the
booklet is designed in a way that it could
be also used for other projects except from
Reigersbos. The content is separated ac-
cordingly.

In the future, recommendations for other
types of disabilities could be added to the
booklet so it becomes a united tool for ac-
cessible zero-energy renovations.

The app that complements the current form
of the booklet opens room for countless fu-
ture possibilities. (Expert from The Green
Hub) (Fig. 49) It can be downloaded from
the QR code and tested on Pages 23 and
25. In the short term, the interactions with
the systems installed in a demo-apartment
could be integrated in the app so some tests
could be performed remotely. Then, those
could turn into a VR version allowing more
thorough experience, more accurate con-
clusions and boost in inclusivity. (Fig. 50)
Current rendering softwares as Enscape al-
ready provide the opportunity to experience
a 3D model in VR.

| will now present some content from the
booklet and then | will discuss the two future
concepts in more details.
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3.3 BOOKLET

The booklet addresses the issue that
in current renovations the systems do
not always fit the needs of the users.
Furthermore, often inclusivity is not
being taken into account which leads
to unintended exclusion of residents.

This manual suggests basic guide-
lines, presented as step by step ac-
tions. Following them will lead to
more inclusive decisions that meet
residents’ needs. This will not only
increase their satisfaction and com-
fort rates, but could also decrease
the expenses for support and main-
tenance after a renovation. Therefore,
this solutions favours both project
developers and residents.

The whole booklet can be found in
Appendix H.

Fig. 51, Booklet cover

Structure

MAIN CHALLENGES

GUIDELINES

RECOMMENDATIONS

FUTURE STEPS

The first section is an overview of the main challenges in zero-energy renova-
tions. It provides the reader with context. Then it presents a summary of the
specific challenges with the systems in Reigersbos in terms of functionality
and accessibility. The latter is targeting decision-makers involved in Reigers-
bos renovation. You can find the challenges explained in the beginning of this

report.

One of the main goals of the booklet it to enable non-designers to take deci-
sions tailored to the needs of VIPs next to all other users. This chapter includes
a step by step explanation on how to apply a human-centered design approach
in the process of renovations. The guidelines are based on the principles that
| used to evaluate the accessibility of the systems in Reigersbos. | structured
them in a comprehensive manner so they are easy to understand and follow.
They can also be applied on other renovation cases. Some of the visuals that
are present in the actual booklet were left out now as they are available in other
sections of the report.

Particular points of action are proposed, both for zero-energy renovations as
a whole and also for the case of Reigesbos in specific. They suggest immediate
solutions to existing problems and presents the advantages of each recom-
mendation.

In conclusion, several future steps are proposed.



How to perform an accessibility evaluation?

(with focus on visually impaired users)

Fillin the ‘NEN 17210’ checklist of functional requirements for accessibility and usability of the
built environment according to the choice of technology for the specific case.

Requirements

SYSTEM

YES/NO

Comments

1.Access and operate equipments and facilities

2. Access and understand information via multiple senses (e.g. signage, apps)

3. General ICT usability and accessibility

4. Natural lighting

Please find a biger, detachable version of the checklist on Page 41 (of the Booklet). (Appendix H)

Questions to ask:

1. Do visually impaired residents can access and operate the chosen technology freely?

2. Does each selected technology provide at least two out of three options for interaction (visual, audible and tactile) ?

3. Does the digital interface provide accessible features for visually impaired residents?

4. What amount of natural lighting penetrates the living space?
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Option 1 Option 2
( Step 1 ) ( Step 1 )
( Step 2 } ( Step 2 }
( Step 3 ) Skip
( Step 4 ) ( Step 4 )
Step 5 } ( Step 5 }
\_VITAL

This page provides a step by step approach on how to conduct user testing.

Question 1

Option 1: Facilitate user tests with visually impaired users.

Step 1. Define specific testing objectives depending on the case.
Map all the systems that are or will be installed in the demo-house. Then, for each system, list all the interac-

tions which the user should be able to complete, e.g. turn on/off, set the temperature high/low, set a routine, etc.

Suggestion// First start with the functions that are vital for the resident. Try to list at least 5. Then continue with the ones that
are of lower priority. Try to put yourself in the shoes of the user. You can use either the app that simulates low vision on Page 7
or the Simulation Glasses method. Then act out an imaginative scenario in order to come up with more possible interactions.

Step 2: Create a plan.

Where will the user testing take place? How long will it last? Would you recruit participants to stay at the apart-
ment overnight or would you invite them only for a shorter period of time? Write a task scenario - what actions
would you exactly ask them to perform and in what order? Prepare materials to keep track of the results. Think
about what answers are you looking for specifically. You will most probably be interested in the process as well
as the final results. Create a questionnaire for the interview which will take place after the testing.

Suggestion// Plan how long the user test would take - maybe it could be a usability user test of around 1hour. For an in-depth
user test you might need to recruit participants to stay overnight. Take into account that staying overnight would require more
time for preparation. Decide how you will record the results - would you do it yourself, or would you involve another person to
help you with that. Do you intend to record videos, or would you be only taking notes? If the person stays overnight, would you
ask them to document anything themselves while there? When all this is ready, perform a pilot user test..

Step 3: Recruit participants.

Partner up with associations and companies involved with visually impaired users (e.g. Koninklijke Vision, En-
vision, WOON!, etc.) Provide information about the study in accessible manner - Braille print, audio, contrast
colors, large text.

Suggestion// Recruit a minimum of 10 participants. Make sure that you have well explained the goals of the study and what will
be required from them - in terms of actions and time. Decide how you would compensate them for their time - you could grant
them giftcards for example.
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This page provides a step by step approach on how to conduct user testing.

Step 4: Conduct the test

Depending on the context, you can refer to the explanation of Question 2 and/or 3 for accessibility requirements.
Reflect on each user test and if needed, make changes to the following ones.

Step 5: Analyse the results and fill in the checklist from Page 40

Look at all findings and think what they mean for the project. If any problems emerged, think what kind of solu-
tions could be applied. You can evaluate them with the Design Fundamentals on Page 32.

Option 2: Simulate visual impairment.
Step 1: Choose a tool which could assists you in simulating
- a visual impairment.
v;’ ¢ - Simulation glasses are proven to enhance
< designer’'s empathy and
creativity.
A - You could tie your eyes with a scarf.

In case you wear glasses, obstruct the view
of each lens with tape or paper.

Get plastic safety glasses and paint them or
scratch them.

You could also use the guide by Erin Ringwald on how to
make your own Simulation Glasses (eHow, UK)

Step 2: Follow the above procedure from ‘Option 2" while skipping ‘Step 3.

This page describes various means of audio, tactile and visual feedback and feed-forward.

Question 2. By using the provided graph, assess to what extent each selected technology provides three
different options for interaction. According to ISO 21542: ‘Information in audible, visual, tactile
and simple language formats should be provided where possible ... visual information to be @ @

supplemented by audible information plus tactile information where appropriate....”

Audible Tactile Visual

big clear buttons

commands light signals

air stream

accessible digital
Interface

embossment, min. rise
of 0.8 mm, preferred
is Imm to 1.5mm (ISO

feedforward

feedback _ 21542) text and color
sliders mapping
" vibration
HHestons hot & cold contrast

texture

OTHER ACCESSIBILITY FEATURES TO KEEP IN MIND

big buttons - electrical switches
should have large push plates to
prevent accidental operation?

solid offline voice dictation easy navigation (with a
click of a button)

loud speakers NFC reading function

audio cues compatible with different intuitive truly tactile buttons
visual add-ons

T e
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Question 3.
What?
How?

What?
How?

What?
How?

This page provides guidelines on how to perform a digital accessibility check.

Evaluate all digital interfaces on the basis of the provided criteria for digital accessibility EN 30154 *
Provide at least one mode of operation that does not require vision

well formed semantic structure
audio and tactile user interfaces

Provide features that enable users to make better use of their limited vision
magnification, reduction of required field of vision and control of contrast, brightness
and intensity

Provide a visual mode of operation that does not require user perception of color

provision of additional methods of distinguishing between the features

Please fill in the checklist. A bigger, detachable version can
be found on Page 42.

Requirements YES/NO

Accessibility setting on the main screen

Voice over

Zoom in option

Color filters

Most important information on screen

High contrast colors

Question 6.

This page provides guidelines on how to perform a light study.

Create a light study of the space using a 3D software in order to predict the movement of natural light in the space
This has implications for the thermal comfort of the residents. It is also and important factor for VIPs. It stimulates their

brain. This study also has implications for decisions on the light throughout of window panes, overhang and type of
glass.

Step 1: Create a model of the space that you would like to examine in SketchUp.

Step 2: Import the correct geo-location and sync the orientation of your model.

Step 3: Turn on the shadows feature in SketchUp and explore how the light comes into the space throughout differ-
ent times of the day and the year.
Suggestion// For a more realistic feeling, you can use the rendering software ‘Enscape’.

Step 4: Make conclusions about how the thermal comfort could be influenced and what kind of means are the most
suitable to control natural lighting in the specific case.
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This page provides guidelines on how to perform a well-being evaluation. (Appendix B)

Additional question:  How to measure the psychological well-being of the residents ? (being one of the goals of the renovation)

This evaluation tool serves to include the emotional layer in the project. The ‘Well-being calculator’ is a
matrix, incorporating the most important criteria for the well-being of disabled users. This is a method
that aims to translate the needs of the users in a scalable form. Give a grade to each criterion in order to

compare different products.

Well-being calculator

~
CRITERIA GRADE NOTES
ACHIEVEMENT 1 ) 10
MEANING 1 ) 10
SELF-ACCEPTANCE 1 ) 10
AUTONOMY | | 10 Example // Peter can control
PERSONAL GROWTH : 10 the heating all by himself.
SAFETY 1 ) 10
SOCIAL INCLUSIVENESS 1 ) 10

/

Important note

Please, take into account that in that kind of user evaluations, it is recommended to use

the services of a professional, such as a Design Researcher for example. Their expertise

will contribute to obtaining richer and more valuable results for your project. (Boess, S.,
2022a) (Boess, S., 2022c)
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RECOMMENDATIONS

One unified system to control all heating and ventila-
tion units in the apartment (including the electric bath-
room radiator)
Advantages

more energy efficient systems

less components for residents to learn and be aware of

better control of the humidity in the bathroom

allows residents to connect other devices and sensors

provides better control

better connectivity

Provide three control options of each system (tactile,
audible, visual, on the basis of the above guidelines)
Advantages
more reliable system
more accessible system

Provide immediate feedback (audible, tactile, visual, on
the basis of the above guidelines)
Advantages
more energy efficient system because users would in-

terfere less when they know what the system is doing
more accessible system

Provide air recirculation hood in the renovation
package, one with rounded edges
Advantages

better fit to the other systems
easier for the residents
safer

Choose ventilation units that preheat the air

Advantages
more energy efficient heating system because warm air
comes in
better comfort for the users because of the lack of cold

Collaborate with companies that are transparent about
envisioned issues and troubleshooting

Provide an accessible troubleshooting manual - use
clearly legible fonts and symbols with good visual con-
trast, standardized symbols; provide tactile and audi-
ble formats?’

Implement a function (app) so users could make basic
diagnostics themselves

Advantages

allows taking better informed decisions

the residents will perform maintenance more easily
less interventions will be needed from professionals
lower maintenance costs both for the user and the com-
pany

better functioning of the system

better reliability

trust
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Install balanced heating and ventilation system when
possible

Advantages

decreased heat loss

highly automated

better comfort for the resident
more energy efficient

Include a reminder signal for residents to close the
windows on time

Advantages

more energy efficient heating system because
there is no uncontrolled cold air inlet

more energy efficient ventilation system be-
cause there is no uncontrolled unfiltered air
inlet

Install automatic blinds
Advantages

improved comfort for the users

more energy efficiency system when the sun
contributes to warming up the space

better control of natural lighting

Change the position of the CO2 sensor of the
ventilation system

Advantages
better air quality (because of the more accurate data)

Choose an electric unit for the bathroom equipped
with a controller at the top and/or one that has a
wireless control option

Advantages

easier access and control
safer

Provide a manual control option for the air extraction
In the toilet
Advantages

better comfort for the residents
include auto turn off function after 10 minutes

Evaluation & Conclusion

In order to evaluate the application and con-
tent of the booklet, | led 7 open-ended user
interviews. Two of them were with Expert
users 2 and 3 from the initial user interviews.
| created an accessible format of the book-
let by transferring only the text in Word so
they could access it through screen readers.
(Appendix F) ‘InDesign’ did provide certain
features for accessible design as well but |
did not manage to put them in good use. The
screen reader read out loud everything in a
different order than desired. | have sent the
document a couple of days before our meet-
ing so they could take as much time as they
need to explore it.

They assessed the content of the booklet
from the viewpoint of VIPs on several crite-
ria such as completeness, quality and clari-
ty. Both interviewees were pleased with the
guidelines and recommendation sections
which they defined as ‘practical, implementa-
ble, understandable, good quality and elabo-
rate’. Expert user 2 even mentioned:

Such guidelines are very
much needed. | hope that
they will use them!
Expert user 2

Expert user 3 suggested some ways to mo-
tivate people to use it by triggering empa-
thy as adding a link to an app that simulates
different types and stages of visual impair-
ments in real time. | found the ‘I have low vi-
sion” app which could be used in VR too and
linked it to the booklet. It could enable the
user of the booklet experience a simulation
of a visual impairment. He also noted that it
might be useful to add some kind of quote on
the cover to attract interest and also through
discussion helped me simplify some of the
guidelines.

One of the other user evaluations was with
a sighted colleague of Expert 2 and 3. As he
Is also involved in advocating for the needs
of visually impaired, he delivered valuable
feedback. He advised me to make the offi-
cial standards bolder and make clear that
the people responsible for the renovations
should comply to them and be up to date. A
very practical advice was to add a clicka-
ble link to the videos which was missing in
the draft version. Another important remark
was that he missed clarification who is tar-
get reader and how can he benefit from it.
Therefore, | added an extra page with short
explanation. (Appendix G)

| also spoke again to Regular user 2 and 3
from the initial interviews. As | only had the
booklet in English, | summarised the infor-
mation vocally at our real-life meeting. They
also thought that it does cover he basic prin-
ciples of accessibility and did not have any

other remarks. That could be in result of the
fact that they did not have the opportunity
to look at it beforehand and think about the
content.

The evaluation with other two interviewees
was conducted in a combined interview. One
of the participants was a target user, namely
a project manager for Reigersbos while the
otheronewasan|CT specialist fromthe Green
Hub Amsterdam. On one hand, the latter pro-
vided interesting insights like confirming
that the AR app makes it more appealing to
read. On the other, his presence shifted the
focus from the target user and some misun-
derstandings occurred that slightly hindered
some aspects of the booklet evaluation such
as its context of use. It is to be used during
the process of renovation. However, because
of the remote work-setting, | did not have the
opportunity to create that scenario in a more
realistic way than using story-telling.

Overall, the project manager said that a thing
as the booklet is ‘very needed’ and valuable.
He gave some advice on how to improve it in
terms of comprehensiveness. For example,
he mentioned that | need to add a clear ex-
planation about who is it for. He also advised
me to create a flowchart on the steps that
the user is expected to undertake so they do
not get lost in the process. (Appendix G)

Concerning the application of the booklet,
Boess. S. (2022c) also argues that more
tools are needed for the planning and then
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decision-making phase as doing an eval-
uation post occupancy is too late. She also
emphasizes on the fact that such interven-
tions needs to be easy to adopt. During the
evaluation Expert user 3 mentioned that the
recommendations seem ‘implementable’ and
‘oractical’.

In order to make it applicable to more cases,
| separated the Reigersbos’ challenges and
recommendations from the General ones.
Then, it becomes usable also to people who
are not involved in the case of Reigersbos.
Appenix (G)

To sum up, the booklet was accepted very
positively. Except from several small re-
marks, all interviewees found the content
very elaborate, understandable and appli-
cable which were among the main require-
ments. As one of the shortcomings of the
evaluation was that it was not tested in the
projected setting, that could be performed in
the future.

3.4 DESIGN PROCESS // Future concepts

How to address the identified design
challenges in a concept as a whole?

During the first diamond, | did some pre-
liminary brainstorming with users and fel-
low friends. At that moment, | could not find
application of those ideas. One of the main
problems that | identified was that good ac-
cessible products already do exist but are
not being applied in the right cases. This is
why, only when | came up with the booklet
which addresses this issue, | felt the need to
also explore possible future concepts. They
would embody the other main findings of the
research, so | could depict which function-
alities and characteristics are valued from
both visually impaired and the wider public.

Before going back to the early generated
ideas, | expanded on the research | made.
My goal was to detect one urgent specific
iIssue to design for. That is why | looked into
the details of heat-pump mechanisms, their
replacements and zero-energy housing ren-
ovations generally. On the other hand, | read
more articles about the habits and needs
of visually impaired users, how they clean,
what they like doing at home, modifications
and adaptations they create.(Cliona R., et.
al., 2017) (Stevens-Ratchford , R., Krause, A.,
2004) The bathroom could pose health haz-
ards, for example because of the low radia-

tor controller, next to other issues. However,
after further research, it became clear that
there are already solutions for that too. For
instance, there are controllers that either
provide wireless control through an app
(Terma, 2022a) or ones with very tactile but-
tons.(Terma, 2022b) | did not find a product
that | personally wanted to re-design and |
made the decision to instead explore sev-
eral different ideas. They could be valuable
for future development and could serve as
an inspiration to people who tackle the top-
ic further. Still, some of the insights of this
research were incorporated in the booklet's
recommendations section.

In order to expand on the preliminary ide-
as, | organised another online brainstorm-
iIng session with 5 fellow students. The
sub-question that we explored was:

How to improve the communication be-
tween the system and the user in terms
of understanding, control and functional-
ity in the future?

Prior to the meeting, | sent them a short in-
formational pamphlet where | asked them to
complete one small home exercise. They had
to blind-fold themselves and interact with
their heating system. It proved the point that
most of the installed thermostats are cur-

rently not accessible. On the other hand, it
helped them to think also from the perspec-
tive of a visually impaired user which lead
to richer ideas. (Appendix |) Except from the
insightful results, it was also a new learning
experience for me organising such session.
| used different techniques as for example
brain-writing and collage making.

| then added the preliminary ideas and clus-
tered them into 4 main categories with most
of the ideas concentrated in ‘Physical feed-
back’ and ‘Automated systems’. (Appendix I)
The fact that nowadays automation is taking
over our tasks with high rate bothers me
and causes struggles with my vision as a
designer. In order to try to solve that, | de-
cided to apply the method ‘Vision in Design’.
Then, in order to obtain more information
before making decisions, | conducted a brief
research into the topic of Human & Technol-

ogy.
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Vision In product design

Deconstruction

Context

Inclusive Design is a topic in the
present agenda

VIPs need accessible products to
control their home climate

The systems in Reigersbos are not
accessible

Smart home systems provide VIPs
with independence

| Many VIPs live by themselves

Smart systems have high compatibility
with many devices

Many smart home systems are too
expensive for this target group

Little information is available on the

internet about the level of accessibility
(Molly Burke, 2022)

Staff in stores for home appliances is
rarely familiar with the accessibility
level of a device (Molly Burke, 2022)

Interaction

VIPs prefer to have the opportunity
to interact with a device in 3 different
ways

Voice control, accessible app and
tactile control are desired

Touch control is almost impossible to
use for VIPs

Adaptability and customizability are
highly desirable

Most smart systems require pre-use
training

The option to control a device physi-
cally gives VIPs a sense of reliability

Younger users are less anxious when
learning how to use the systems

There is a trend for touch interactions
while physical ones are forgotten

The inability to control a device leads
to frustration

Product

Smart home systems are mostly ac-
cessible through voice control

Manufacturers are not being honest
about the problems that might occur
and therefore do not give possible
options for repairment

Most of the products are not designed
inclusively

Products specifically designed for
VIPs are very expensive

Most users do not like to use prod-
ucts that look differently as they want
to feel ‘normal’

Some users find smart home sys-
tems unreliable because bluetooth,
wi-fi and troubleshooting issues

Vision

| used to believe that the automation in our everyday activities is
unnecessary. We don't have to put any effort in order to complete
some tasks and most of the time the action is done for you by
only pushing a button. That made me feel like we are losing the
charm of real life and its little struggles. But | have never thought
that for some users, those are big struggles which could lead to
exhaustion and frustration, disability and exclusion. So far, as
sad as it may sound, | have never looked at it from the point of
the people who actually need those simple automations in order
to lead a more qualitative life. | am grateful that | now tackle this
problem which humbles my strong views and provides me with
a new perspective on design.

Nevertheless, | still do not argue that we have to automate
everything. As one of my favourite writers says:

‘What would happen with people when machines start doing their
job? The person has become human through labour, while the ma-
chine that he creates will take his place not only in physical but also
in mental labour. If not everyone - at least most.... What will people
do without work? How will they develop? Will they become more hu-
man?’, Nikolay Haytov

As this question truly bothered me for years now, | could not
continue without learning more about it. As this is a matter of
no wrong or right, | will present the statements that | chose to
believe in and which helped me move forward not only with the
project but also with my development as a person and a design-
er as a whole.

Experts argue that technology allows us to share ideas faster, to
create more, collaborate and evolve and opens up new oppor-
tunities. Those things | already knew, but what made me start
agreeing were the following quotes next to many similar argu-
ments, extracted from the talks of different experts:

We are becoming more hu-
man than we've ever been
because the things that
we used to worry about is (f
being taken care of.
We move from survival into

thriving. In the war of
Sanei, J.(2019) automation, |
(\ bet on humans.
Hand, E. (2020)

The choice if we let tech-
nology to impact our life in
positive or negative way is
ours!
Killebrew, M. (2015)
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Build the best teams of people and ma-

chines - '"Human-technology teamwork,
Don Norman

On the basis of the acquired knowledge, | could continue my idea
generation process with clearer goal. That made me remove my
Design Challenge 5 - Balance between automation and activity.
| still do believe that we have to keep that balance in our life.
Nevertheless, | think that home heating and ventilation should
not take up too much of our time and attention and therefore, the
more autonomous it is - the better. Then, the residents will have
more free time to enjoy their time at home in more qualitative
ways. Of course, it is still desirable that they have control over it
when demanded. Furthermore, it was important to also incorpo-
rate a physical interaction into my concept.

Going back to the idea generation phase, based on the idea clus-
ters andresearch, | identified two main directions that | wanted to
explore. The first one was products that are physically detached
from the house as different add-ons to the already existing sys-
tems. The second - products that are integrated in the house as
parts of the ventilation or heating systems. Then, by combining
Ideas, | created two separate concepts that were solving most of
the defined Design Challenges and were compying to the Design
Fundamentals. That will be explained in the next section, under
each concept. | also used design sketching to develop the ideas.
(Appendix ) | also drew inspiration from the talk of Jinsop Lee
(2013) who talked about designing for all 5 senses - smell, touch,
sight, sound, taste.

General

PRODUCTS PHYSICALLY DETACHED
FROM THE HOUSE

-

DESIGN DIRECTIONS

\_

for control
for informing
for receiving feedback

PRODUCTS INTEGRATED IN THE HOUSE

for sensing
for emitting
for receiving

Tactimap

Breathing Walls




Tactimap is a concept of a portable 3D model of the liv-
ing space which serves as an informational tool for the
resident. It integrates all heating and ventilation units
and through them provides tactile feedback about the
current setting of the systems. Tactimap allows the
resident to easily understand what the system is do-
ing at each specific moment in all separate rooms. If it
heats up, the elements will become warm, otherwise
they will stay cool, analogical to old school radiators.
On the other hand, when the ventilation is working, an
element will rise up - if not, it will stay flat.

This concept is inspired by the issue with the lack of
warm air stream from low-temperature convectors.
Informing the residents about the systems’ state will
decrease the amount of undesired interactions be-
tween them and the system. For example, when the
resident feels cold, he could think that the system is
not working which would make him increase the tem-
perature setting. This leads to needless energy con-
sumption. While when the resident is aware that the
system is already working, he is more likely to put
some extra clothes on and wait for the space to warm
up without causing excessive energy usage.

Future potential

Another issue that Tactimap addresses is that resi-
dents have the tendency to forget windows open for
too long. As many users mention that they ‘enjoy having
contact with the outside (sound, smell)’, (Boess, 2022b)
the option to open a window cannot be removed. How-
ever, during the winter, such uncontrolled inlet of cold
air for longer periods of time is highly undesirable.
Therefore, a light indicator is integrated in the product
which reminds the residents to close the windows on
time. (Fig. 53) This contributes to the energy efficiency
of the system and the comfort of the user. Auditory
feedback could also be incorporated.

For determing the ‘Desirability’ of the concept, an on-
line questionnaire was created. It included questions
for desired functions. Some of the answers are in-
cluded below while the reset are discusses in the next
paragraph.

In the future control function could be implemented to
the product as many users pointed that as a desirable
function. ‘Controlling lights, lock and unlock doors, actu-
ally everything that | can control in a living environment.”,
a respondent from the online questionnaire. (Appen-
dix J) For example, double tap on a heating unit could
mean ‘Increase the temperature by half a degree’. (Fig.
54) In that manner, the basic functions of the system
could be incorporated into the elements of the mod-
el which would expand its application and value. The
expert from The Green Hub noted that it could also be
used to show when maintenance is needed and imme-
diately send signals to User Support or alert the resi-
dent when there is something wrong with the system.

Fig. 53, A 3D model of Tactimap in perspective where the LED for reminding to close the windows is
visible

Fig. 54, Top view of Tactimap where the different floor textures are visible
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Many of the respondents said that they would like to
have an app in addition to that model. There they would
like to get informed about their energy usage. This was
pointed out as a desired function from several partici-
pants in the research. They pointed out that such infor-
mation would help them to learn how to control their
home more efficiently and adapt with time.” It would be
nice to be able to show statistic of how your indoor tem-
perature changes depending on the outside weather for
a period of time. For example daily, weekly, yearly. If the
user then compares how he/she experienced the indoor
comfort in relation to the weather one can learn how to

5

S

use the heating and ventilation system more efficiently by
adjusting it to the weather forecast in the future.” a re-
spondent from the online questionnaire (Appendix J)

Tactimap could be very useful in scenarios of mul-
ty-storey dwellings. (Fig. 55)When a person needs to
check whether the heating in one of the rooms on the
other floor is working, he can just check the Tactimap
element. That could be specifically valuable for older
people and people with motor disabilities. If it is ap-
plied to such case, then some kind of physical connec-
tion would be useful for reliable stacking. (Fig. 56)

N u/ -J J
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Fig. 55, A concept for possible stacking of Fig. 56, A close up of possible joint
several Tactimap s structure for the product

Desirability

When interviewing the users for the booklet evaluation, | also
asked them about the future concepts. In addition, | prepared the
online questionnaire that | mentioned earlier. | included a short
explanation and visuals of the ideas. It was targeting the end us-
ers from the wider public. | received 10 responses from people at
the age between 24 and 36 (Appendix J). To the real-life interview
with Regular User 2 and 3, | brought a simple prototype to give
them some context. (Fig. 57) Regular user 2 said that the model
provides nice context.

8 out of 17 participants explicitly said that they would use such
product. The rest had mixed opinions on it- many of them said
that an app would be more useful to them. (Appendix J) However,
Expert User 3 noted that having a 3D representation in any form,
different than a screen, is very useful as people process the in-
formation much better that way. He proposed a hologram. Anoth-
er interesting remark was that it looked ‘luxurious’ and ‘exclusive’.
The project manager said that it could be more useful for creating
a block of apartments for keeping an overview of them rather
than having it for personal use.

Fig. 57, Physical low-fi prototype of Tactim-

ap used during user evaluation

Fig. 58, Regular User 2 exporing the model

of Tactimap

95—



— 96

This product is envisioned as an add-on to already ex-
isting heating and ventilation systems. They have to
communicate to each other and have a unified control
unit. In that case, they can send data to the Tactimap
which would translate it into tactile information.

After conducting a TRL analysis (Appendix K), the
weakest point of the concept from technical perspec-
tive turned out to be the heating element. It seems that
there are many trials with devices incorporating Pel-
tier elements (Fig. 59) that seek to provide thermal
feedback. (Ueda, Y., Ishii, C, 2016)(Benali-Khoujal, et.al.,
2003) (Ranasinghe, N, Yi-Luen Do, E., 2016) Thermoe-
lectric devices could also be an option as argued from
Kim, S. et.al. who applied the technology to a VR glove.
However, that aspect still requires further research
which is beyond the scope of the project.

The other components are already existing parts. For
more efficient production of the housing, five most
common floor plans could be selected and produced.
Creating a box joint design of the walls could provide
additional customizability. (Fig. 60)

However, for the value it provides, it might be a too
costly product which does not fit the affordability
challenge.

/

Fig. 59, Peltier element

Fig. 60,Possbile joint structure for better ad-
aptability and customizability

Design Challenges

DC 1 Provide comfortable indoor climate
By knowing the system better, the resident can control it better
which leads to more comfortable indoor climate.

DC 2 Accessible interaction controls
The physical 3D model and the thermal feedback allows people
with visual impairments to interact with the product freely.

DC 3 Provide a feeling of control

Being constantly aware of the actions that the system per-
forms enables timely intervention from the resident when
necessary.

DC 4 Provide options for customisation
An add-on is what give you the opportunity to customize your
main control system.

DC 7 Reliable system

This could make the main system more reliable as this adds another

way to check the information that you have on the thermostat.

Design Fundamentals

3

Trust

When the residents know what the system is doing,
they seem to have more trust in it.

Accessibility

The 3D model and the tactile thermal feedback are
what provide great accessibility.

Simplicity

The interactions with the product are pretty straight-for-

ward. You can just touch it and receive information.

Adaptability

As an add-on, the concept could serve to adapt the main

control system to your needs.

Robustness

The product could be pretty sturdy and robust because of
the tick walls. It also could call maintenance faster through

the app and that way it becomes more reliable.

*Both, the DC and the DF are assessed on the basis of future possibilities for development.
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Future potential

Can you imagine not having the opportunity to experience the feeling of
touching the warm radiator, after a cold day outside, never again? ‘Breath-
ing Walls’ has the potential to tackle one of the big drawbacks of low-tem-
perature heating - the lack of direct warm source. (Fig. 63) The technology
of built in the wall convectors already exists. Some even have a fresh air
supply function integrated. After the talk with the project manager, | dare
to suggest that those systems are the future. Therefore, an interactive
cover could fit very well to this vision. A tactile control function could also
be incorporated on the cover itself. Another advantage is that when the
openings are on the wall, rather than on the window sill, it is less likely for
the residents to obstruct them.

Some users mentioned that it would be nice if the system colud detect
when they are coming close so it could provide heat feedback only then as
it is more efficient. Furthermore, a couple of respondents mentioned that
they would like to choose the shape of the holes themselves. (Fig. 62)

BREATHING WALLS

Context

‘Breathing Walls’ is a concept of an interactive cover for a built-in convector
heater. The openings for air inlet provide thermal and light feedback, so the
resident could immediately understand what the system is doing. This could

bring both physical and mental comfort to the user. Physical because of the
direct heat and light ambience and mental because he is always aware of the
system'’s actions and therefore calm that it is working towards achieving his
preferences.

ation of the possible shapes of ‘Breathing Walls' Fig.63, The user enjoying the heat feedback from ‘Breathing Walls' openings
Fig. 61, ‘Breathing Walls' concept 99
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Desirability

In order to evaluate the desirability of the ‘Breathing Walls'
concept, the same method was used as for the ‘Tactimap'.

Overall, this idea was very much liked from the majority of the
users. Most of them said that it looks very aesthetical and that
‘it can even be considered art’, a respondent form the online
questionnaire. (Appendix J) Furthermore, the majority found it
a lot more modern than the current grill openings. The ambi-
ent lighting was also very highly appreciated. One respondent
also mentioned: ‘/ would like to try such a system. It seems like it
will help me understand the heating system better which will then
help me use it in a better and more efficient way and perhaps will
ultimately improve my indoor comfort.’

However, the users did not seem to pay much attention to the
other value that | added to the product, the thermal feedback.
| assume that this is because, as far as | am concerned, non
of them had experienced a low-temperature heating system.
Therefore, even though | explained the issue with the lack of
heat stream it seems that they still did not take it into account.
This is a limitation of the study.

Regular user 3 said that the low-fi prototype provides nice
context. He could not understand the idea only by an expla-
nation. After he explored the prototype, it became more clear.
Therefore, as simple as they may seem, such prototypes could
bring value when designing for VIPs.

L

Fig. 64, Low-fi prototype of
‘Breathing Walls'

the concept

Fig. 65, Regular user 3 exploring the prototype
for context

Feasibility

The process of creating a TRL analysis (Appendix
K) helped me determine the feasibility of the con-
cept. On the basis of my brief research, | decided
that the most feasible way would be to use a con-
vector that is built in a wall. (Fig. 66, 67) (Daikin,
2021) The project manager that | interviewed also
confirmed that it is possible. However, he men-
tioned that for the case of Reigersbos, it would be
better to be integrated in the new facade. He ar-
gued that it would take too much valuable space if
it is integrated in the wall.

Basically, the part that is re-designed is the cov-
er of the convector. Most of the components are
available for direct use. The only aspects that
scored a 7 on the TRL are the cover itself and the
infrared foil that will provide warmth. | could not
find covers with openings for the air in another
shape than the grills. Therefore, this is something
that still has to be developed and manufactured.
It is also questionable if the best solution for the
heat feedback is the infrared technology. There-
fore, iIf this concept would be developed further,
those are the two components that require more
attention. That is outside the scope of my project.

Fig. 66, A standard wall built-in convector with cover (Daikin, 2022)

Fig. 67, Proposal for the new ‘Breathing Walls' interactive cover

107



102

Design Challenges

DC 1 Provide comfortable indoor climate

This is one of the strongest points of the design. It
solves the problem with the lack of direct heat feed-
back and provides comfort when sitting close to it.

DC 2 Accessible interaction controls
In the future, such could be incorporated.

DC 3 Provide a feeling of control

The system provides tactile and light feedback which
allows residents to understand what the system is doing
at the moment which increases the feeling of control.

DC 4 Provide options for customisation

The panels could come in different shapes and the lighting
feedback could also be programmed depending on the pref-
erences of the user.

DC 6 Affordability price-wise

| assume that the value that the product creates can be bal-
anced with the production price. Furthermore, it seems that
there could be big demand for such intervention.

DC 7 Reliable system

Overall, the system becomes more reliable this way, be-
cause the resident knows that it is working towards reach-
ing his temperature preferences.

Design Fundamentals

Q3

Trust

When the residents know what the system is doing,
they seem to have more trust in it.

Accessibity
The thermal feedback and the ambient lighting pro-
vide an easier way for visually impaired to determine
whether it is working. This is the case also for people
with lower literacy, elderly, ones that do not know the
language, etc.

Simplicity

The interactions that are envisioned for now are very
simple and just as with ‘Tactimap’, the user just has to
touch it in order to receive information.

Adaptability

The users can program the type of heat feedback they
receive and if any. They can also control the type ot
lighting - changing colors, dimming option.

Robustness
The design would be durable and not easily breakable.

*Both, the DC and the DF are assessed on the basis of future possibilities for development.

Conclusion

From the three concepts, it seems that the
‘Booklet” and the ‘Breathing Walls' have bet-
ter potential for success. The first could be
integrated immediately, while the second
seems promising for further development.
‘Breathing Walls’ scored high on desirability,
both by VIPs and the wider public. The ‘Tac-
timap' provided some interesting insights
but the majority of the respondents said that
they would prefer an app instead. That might
be indeed a more feasible option because |
assume that the value could not balance the
price.

The ‘Booklet’ evaluation confirmed that it
does fill a gap for human-centered tools in
zero-energy renovations. One of the target
users mentioned that it is a ‘much need-
ed' thing. Furthermore, VIPs found the con-
tent very elaborate and covering their basic
needs. Still, an evaluation in real scenario
could bring very valuable insights for im-
provement.

| can conclude that both the ‘Booklet’ and the
‘Breathing Walls’ are worth exploring further.
| would not recommend the same for ‘Tacti-
map’ or at least not in the same context.
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4. Conclusion

Conclusion

This report expands on the existing knowl-
edge on one hand of zero energy housing
renovations and on the other - of Inclusive
design. It intertwines them in 3 final prod-
ucts - a Booklet with Design Guidelines and
recommendations for more accessible reno-
vations and two future concepts - ‘Tactimap’
and ‘Breathing Walls'. The last two embody
the main insights of the research and com-
bine it with my personal design vision.

By applying the obtained knowledge about
accessibility to the case study of Reigersbos,
the need of a more accessible approach to
the renovation process was confirmed. One
of the main conclusions of the research was
that currently there are more inclusive heat-
ing and ventilation systems on the market
but they are not applied in the case.

As a result, the Booklet was created. Its
main goal is to support the stakeholders re-
sponsible for choosing the installed systems
through the decision-making process. On the
basis of literature research and interviews
with users, it can be suggested that it would
be a successful inclusive design tool in ze-
ro-energy housing renovations. The struc-
ture and clarity were iterated on through
several user evaluations, one of which with a
target user. The visually impaired interview-
ees assessed the content as very ‘elaborate’
and ‘understandable’ and the recommenda-

tions were defined as ‘implementable’.

The AR app that was built to provide inter-
active context and to trigger interest, opens
space for many future possibilities for build-
ing inclusive tools. Overall, it can be conclud-
ed that such intervention as the Booklet has
a promising potential for improving the out-
comes of zero-energy renovations.

The two future concepts serve as means of
inspiration and future direction for designers
who would tackle this topic further. They il-
lustrate how could the needs of visually im-
paired be translatedtoinclusive products that
fit zero-energy houses. Based on the user
evaluation and technical research, ‘Tactim-
ap’, a 3D model, providing thermal feedback,
was an interesting exploration of an add-on
product. Its main function was to inform the
residents about systems’ state. However, it
had an unsatisfactory outcome from the de-
sirability evaluation. Furthermore, it did not
comply to one of the important for an add-
on Design Challenges - ‘Affordability Price-
wise'. That led to the conclusion that the idea
is not worth exploring furhter in the same
context.

‘Breathing Walls', the interactive convector
cover, on the other hand, showed promising
potential for future development. It was very
desirable concept for the users. Further-

more, after a brief research, | can suggest
that it is also a feasible solution to built in
terms of technology. | would advise that it is
worth looking further into.

Overall, the project provides a new perspec-
tive on renovation projects and suggests a
practical way to deal with the identified chal-
lenges. It expands on the field of inclusive
design tools while also incorporating an in-
novative take on future products tailored to
users’' needs.
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Limitations

While the project yielded valuable results, it
also encountered some limitations. One of the
bigger ones was the fact that the project was
executed mostly remotely which prevented
me from doing a real-life evaluation of the
booklet. Its projected use is during a process
of renovation. The evaluation phase was also
during the period of the summer holidays
and finding target users for the booklet was
a big hassle. That resulted into it's usabili-
ty being evaluated with only one target user.
The current conclusions are mainly based on
assumptions. However, | believe that | have a
stable foundation built on talks to users and
experts and also literature research which
allows me to argue that the tool can be suc-
cessful.

Another limitation is connected directly to the
Rigersbos study. As explained, many of the
systems were not set correctly ,so their real
usability could be hardly tested. Therefore,
the results could be different if the proto-
type effects were not present. Furthermore,
eventually residents will live there constant-
ly, while the current participants stayed only
for a couple of nights. While residing the
unit for longer periods, different challenges
might emerge.

As | was not there physically, | could not
invite a VIP to the apartment to make a re-
al-life evaluation. During the remote user in-

terviews with VIPs, after | explained what are
the controls of the systems, the interviewees
did not hesitate about whether or not they
would be able to interact with them. They just
knew. An aspect that was questionable was
the app developed for Reigersbos. They said
that it should be tested for accessibility but
that was not done as | did not have access
to it.

Considering the evaluation of the future con-
cepts, | discovered that for most users, imag-
Ining a context could be very hard. For exam-
ple, none of them has experienced the effect
of low-temperature heating system. That led
to the impression that they do not take this
factor into consideration even though | ex-
plained it initially.

Future steps

| see a couple of immediate steps that | would
like to undertake if | was to continue with the
project. The first one would be printing the
booklet and going with it to the target users
in real-life so | could receive more feedback.
| suppose that another iteration concerning
the proposed steps might be needed after-
wards. When that is done, | would like to see
it applied to the Reigersbos renovation. As
the well-being calculator is something that
has not been applied before, the outcomes
from it could also be very interesting. If posi-
tive, the booklet could be applied to other ze-
ro-energy renovations as well.

In order to draw people’s attention to the top-
ic of inclusivity, a couple of real life presenta-
tions could raise the awareness and present
the booklet. An educational video about the
booklet could also be created for introduc-
ing it to big amount of people in an efficient
manner.

As already mentioned, the app also provides
a lot of room for integrating a wide range of
functionalities. They could make the process
of accessibility evaluation easier and more
efficient. Software developers will need to
collaborate with professional researchers
and designers in order to integrate the most
suitable functionalities.

The future concept of the interactive convec-

tor cover ‘Breathing Walls' is also worth the
exploration. | would be interested in creating
prototypes and continuing the research test-
ing in order to determine if it could turn into
a mass-produced product.
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Reflection

Even though this project has been a real
challenge, | have managed to prove to my-
self that perseverance and patience do pay
off. The process was at the same time a huge
learning experience and an affirmation of the
skills | have gained throughout my studies. It
was a very rewarding experience to see how
everything came together at the end.

While | used to prefer a more hands-on ap-
proach in the past, during my graduation, |
believe that | considerably developed as a
researcher. Now, that | have skills from both
approaches, | feel more confident as a de-
signer. | also expanded my knowledge about
zero energy renovations, accessibility and
Inclusive Design which | would like to tackle
also in my future job.

There were moments when | felt stuck. Dur-
ing those, | kept performing some small
tasks, hoping that the inspiration will come.
At the end, | could recognize how each of
them more or less contributed to the final
result. When | was hesitating how | should
continue, | learned to search for help so |
could move forward.

Doing the project mainly remotely was surely
a difficult task as many times | missed having
the chance to go to some fellow student and
discuss my ideas. Furthermore, | would have
loved doing more prototyping and real-life

interviews and evaluation. However, some-
times we cannot control the circumstances.

| learned the hard way that in such cases,
we have to strive to take the most out of the
situation and take advantage of the positive
sides, rather than feeling sorry. In my case,
one of the things that working remotely gave
me was the opportunity to do a more in-depth
research and improve my analytical skills.

Another important learning point was to not
try solving all the problems at once. Many
times that prevented me from making de-
cisions which held be behind. Through de-
veloping the Future Concepts, | learned to
identify the positive characteristics of dif-
ferent concepts and how they could be used
for exploration, research and finding future
possibilities.

My main motivations during the project were
the fact that | worked on a real case which
could improve people’s lives and that | could
contribute to the inclusiveness of our socie-
ty. | am satisfied with the end result which |
would love seeing come to life.
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