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Abstract
Accessibility is a critical interior design consideration that increases performance level and allows older
adults to be independent and physically active in their daily activities. This study used a case study to
present a new method of combining ageing simulation with personas through importance-performance
analysis (IPA) and supporting the basic activities of daily living (BADL). This study developed a priori-
tized persona-based (PP-B) model to create accessible interiors in senior housing environments for
healthy ageing. This model was constructed based on an ontology framework. The data that was gath-
ered through the self-assessment accessibility questionnaire by 60 older adults and it was depicted in
the IPA matrix, which later translated into personas. These personas were simulated with an ageing suit
by interior architecture students based on the BADL of accessible senior housing environments. This
study was an initial attempt to deal with the complex nature of accessible interior design and its
attributes for ageing studies, which are often considered as theoretical concepts and standards. The
main innovation of this developed PP-B model was to synchronize interior design knowledge on acces-
sibility attributes and users BADL performance along their accessibility importance rankings. Findings
are beneficial for interior designers to make human-centred interior design decisions.
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Introduction

Population ageing is a worldwide phenomenon that is

characterized by an increasing number of people who

are aged 60 years or older.1,2 To remain active as a part

of growing old is important for the well-being, and this

is also a crucial aspect for the holistic health of the

society.3,4 Empirical studies show that the relationship

between older adults and the design of their interior

environment is significant for healthy ageing.5

Healthy ageing is ‘the process of developing and main-

taining the functional ability that enables well-being in

old age’.6

There is strong scientific evidence that regular phys-

ical activity results in major and extensive health

benefits for adults aged 65 and older.7 Basic activities
of daily living (BADL) are considered as the basic con-
tent of a successful and healthy life.8 Thus, it is essen-
tial to have equitable access without restrictions in
one’s BADL.9 Within this context, accessibility is a
critical interior design consideration that allows older
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adults to be independent and physically active in their
daily activities.5 However, inaccessibility in buildings is
a common obstacle that older adults encounter and can
present barriers to their ability to participate in daily
living activities.10,11 So, to achieve healthy ageing, it is
crucial to promote physical activity and interior acces-
sibility through human-centred design (HCD) consid-
erations in housing environments.7 Although there are
a lot of studies on accessible housing environments,
designers are still struggling to have empathy for
older adults in regards to their physical activity pat-
terns.12 As a result, the accessibility of housing environ-
ments should be studied from older adults’ perspectives
with a focus on efficient ranking methods and special-
ized unique empathy techniques.13 This study used a
case study to demonstrate a new method of combining
ageing simulation with personas through importance-
performance analysis (IPA). The reasoning behind the
particular combination of these techniques is to over-
come the major challenges of interior accessibility and
the complex nature of considering human differences
and conflicting needs simultaneously. The idea of com-
bining quantitative personas with simulations could
overcome the insufficiency of qualitative personas for
more extreme situations. Qualitative personas are lack-
ing the systematic and quantitative coding of the right
type user information, so that validation and accuracy
of the target users become questionable.12 Designers
would gain a deeper understanding of older adults’
real lives if a structured set of information on their pri-
oritized activities of daily living were provided. This
study further developed a prioritized persona-based
(PP-B) model to create accessible interiors in senior
housing environments. Within the framework of the
study, prioritized means ‘ranked by the users according
to the importance and performance attributes to select
appropriate sets, resolve conflicts between alternatives
and evaluate alternative solutions’. The PP-Bmodel was
constructed based on an ontology framework. Figure 1
illustrates the components of this new method.

Use of Personas

In the contemporary design world, human centredness
is a core quality of design. HCD is a group of methods
and principles that aims to allow useful, usable, plea-
surable and meaningful products, services or building
environments for user groups.13 When healthy ageing is
considered within the framework of HCD, older adults
should be encouraged to participate in real life actions.
Older adults might be people, who have discernable
impairments, but have a strong ambition to remain
independent and to contribute to the community.14

Furthermore, it is a crucial aspect for our future to
provide environments that are usable to the greatest

number of individuals, regardless of their functional

abilities.15 However, older adults are usually excluded

and precluded by inappropriate design issues.16 HCD

approach could play an important part in enabling

older adults to remain physically and mentally active

and independent. The main principle of HCD is to

describe how to gain and apply knowledge about

human beings and their interaction with their environ-

ments and to design products or services that meet

target user group’s needs and expectations. So, espe-

cially in the last decade because of the growing popu-

lation of older adults and disabled people, there is a

significant need for products, services and environ-

ments to be developed in a holistic way that they do

not exclude, but instead reflect more accurately the

variety of demands of today’s users.14 There are

moral, sustainable, professional and economic reasons

why designers should be aware of a HCD approach.

Morally, designers as a part of the society should be

seeking to remove barriers and obstacles that create

disabling environments. From a sustainable point of

view, there is a strong argument to create communities

that encourage participation regardless of age, gender

or circumstance.17 HCD argues that increasing num-

bers of people able to use the design expands the

market share and increases business profitability.17

Persona is a human-centred design (HCD) method

and a persona is an effective method in HCD studies.18

The verdict of ‘personas’ was created by Allan Cooper

in 1999.19 ‘Personas are fictitious, specific, concrete rep-

resentations of target users. Personas put a face on the

user; a memorable, engaging and actionable image that

serves as a design target.’20 Personas provide a better

focus on the target user group during the development

process of the design or product.21 In persona method-

ology, personas that are created to represent real target

user group is described in narrative form for to make

persona seem like a real person and to provide a strong

story that reflects the needs, expectations and desires of

real target users so that designers could focus on the

product accordingly.22 Nielsen23 introduced a 10-step

process for persona creation as a guide to overcome the

lack of consensus about persona application among

designers. By the use of persona method, after devel-

opment process the need for making changes will be

Figure 1. The components of the new method presented in
this study.
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reduced and this will consume time for the designers
and design groups.19 With this approach, an end prod-
uct will be capable of being used by users with the widest
possible range of abilities, needs, desires, and expecta-
tions.24 Another significant benefit of using personas in
the context of design is that personas help one design
iteratively so a product or a design can be prototyped,
designed, evaluated, and revised through real user
research based on a cyclic process. Although persona
use was considered as a useful method in HCD field
because of its various benefits, in interior architecture
and environmental design context, the use of personas
for HCD is not common; so it is a unique aspect to use
personas as a HCD technique in this specific context.

Goodman-Deane et al.25 defined three essential
characteristics of personas for assessing inclusivity in
a quantitative manner. First, the right type of informa-
tion should be coded systematically to analyse whether
each persona would be able to use the product, service
or design efficiently. The second characteristic takes
into account how many people are represented by
each persona. The third characteristic is whether the
target population is represented with sufficient accura-
cy.25 If the persona number is too large, then doing an
assessment through these personas becomes unmanage-
able. Once suitable personas are created, they are asked
to evaluate context-specific tasks. Later, the personas’
capabilities are compared with the demands of the task
steps in order to understand whether they would be able
to complete the tasks.22 If a persona cannot complete a
related task, it means that the group this persona repre-
sents will not be able to complete that task either. This
study was also built on this particular study because it
addressed the user capability data within a set of quan-
titative personas as a first time, and validated its success
with the level of accuracy about user capabilities.

Various studies have provided a set of persona pro-
files for HCD. However, there are few studies on per-
sonas that provide a set of information on capabilities
and the activities of daily living.25 This study had par-
ticular focus on capabilities because of the following
reasons: (1) being less studied component of both
accessibility and persona sets, (2) being closely related
with the happiness and higher degree of independence
in activities of daily living (ADL). According to
Iwarsson and Stahl,26 accessibility is based on two
components: (i) the personal component or an individ-
ual’s functional capacity, (ii) the environmental com-
ponent or the barriers in relation to available
standards. Although accessibility standards as the
second component have been studied a lot in the
design literature,26 the first component, capabilities
are in the form of indicators derived from numerical
values of human considerations (lacking information
on quantitative data or data), which correlate the

importance, performance and satisfaction ratings of

older adults.27 With regards to the second reason,

research has revealed that assessment of the functional

state of older adults is mainly based on the capability
performance of BADL.28 Therefore, questions arise as

to how one can create personas based on the interior

physical performance of older users or provide infor-

mation on their BADL within the context of the

healthy ageing process. A critical perspective is essential
while focusing on capability data with persona method.

In this context, qualitative personas are insufficient

because there is little consensus over exactly how the set

of personas cover the entire population taking into

account a range of capabilities and specific usability
assessments, particularly problematic BADL.25

Although quantitative personas have limitations, such

as difficulty in conducting and managing the numbers,

they aremore effective in terms of presenting appropriate

information content, convincing number-oriented stake-
holders based on quantitative basis and estimating rep-

resentativeness. This study was an initial attempt to

create quantitative personas in order to deal with the

complex nature of accessible interior design and its capa-

bility attributes, which are often considered theoretical
concepts and standards. A major challenge in accessible

design is the difficulty that comes with considering these

human differences and conflicting claims.27 Accessible

design is potentially achievable ‘if overall usability for

the worst off is maximized’13 (p. 62). The complexity of
accessibility in interior design lies in this paradox. Thus,

this study simulated the personas to make better assump-

tions about target user groups, enhance identification

with the user group, and reduce the need for making

changes after the design development process.

Empathic design: simulated physical
ageing for healthy ageing

In the design literature, personas are mostly deployed

to invoke empathy with user perspectives.21 Through
the years, several design approaches have emerged to

support persona method in user-friendly products and

environments such as universal design, inclusive design,

trans-generational design, and HCD.29 Among the

approaches, empathic design is a design approach
that ensures a creative consciousness for specific

target users and their daily lives.30 It also enables

designers to feel for the users in consideration of their

special needs.30 Pastalan31 pioneered an empathic

model in the early 1970s. This model places more
emphasis on the users of the designed spaces.31 Over

the years, empathic design has been a valuable response

of design for user experience in the way of understand-

ing users and their needs.30 There are four principles
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for this approach: (i) balancing rationality and emo-
tions, (ii) making inferences about users and their pos-
sible futures through empathy, (iii) involving users in
the design process, and (iv) having multi-disciplinary
evaluators in the design team.30 To be able to design
for older adults, designers should experience the world
as older adults do. Also, they should be able to gain
empathy by the help of knowledge that is constructed
by using persona data.32

Simulations are often used to achieve the require-
ments of empathic design. The concept of simulated
ageing is relatively new. The suit has been used primar-
ily by the automotive industry to improve vehicle
design for older drivers and later it has also been
used in medical studies.33 Nevertheless, research related
to age simulation suits in the field of interior design is
very rare. With the help of this age simulation suit,
even younger people have the opportunity to experi-
ence the physical limitations of older adults (including
the loss of vision, hearing, head mobility, grip ability,
coordination skills and strength, as well as joint stiff-
ness). On the other hand, there are some limitations to
simulations. How the simulations are deployed could
result in an over-identification.34 It means that while
designers are establishing an affective and sensory con-
nection to users, they can represent themselves more
representative of other people leading stereotypical
ideas about them. This criticism has been in this
study as a challenge, and dealt with by combining sim-
ulations with quantitative persona method.

Methodology

Sampling and setting

A total of 60 Turkish older adults aged 75 and over
participated in the study voluntarily, with a mean age
of 81.6. The average length of time that each partici-
pant had been living in the selected senior housing was
over one year to ensure that they represented a broad
range of views. All participants were independent in the
BADL according to the Barthel Index,35 and they were
not indicative of depression according to the Geriatric
Depression Scale (GDS).36 The University Institutional
Ethical Review Board approved the study. First, the
participants, (who were informed about the purposes
of the study, their involvement, risks and emergency
procedures), signed the informed consent. After they
signed, they were enrolled in the study. They were
also informed about the confidentiality of the study
and their right to terminate their participation in the
study at any time.

The case setting was KASEV senior housing for
retired teachers. It is a popular senior housing environ-
ment in Istanbul, Turkey and it was established in 1986

as a civil society organization. It has the aim of pro-
viding healthcare and social services for older adults
who are healthy and who are in need of healthcare.
KASEV senior housing was chosen for this study for
the following reasons: First, as reported by the manag-
ers of the senior housing, all the physical and social
services of KASEV senior housing are based on an
inclusive philosophy that all people should age well
(happily and healthily), no matter what age they are.
Second, in Turkey, in 2008, the International certificate
of ISO in the area of care for older adults is only given
to KASEV.

Data collection

The study has three data collection instruments. A self-
assessment questionnaire instrument was developed for
the IPA of self-rated accessibility. This instrument has
four main parts. The first part (Part A) is about the
demographic data. The second part (Part B) includes
five structured questions based on a five-point Likert
scale, where participants rated (i) their overall accessi-
bility satisfaction with the senior housing; (ii) their
importance level in regards to accessibility in general
in senior housing; (iii) the current senior housing and
their overall independency levels; (iv) their independen-
cy level rating on daily living activities in the senior
housing; and (v) the most accessible part of the senior
housing. This part included two open-ended questions
to gather data about their ideas and suggestions related
to the relationship between healthy ageing and accessi-
bility. The third part (Part C) and the fourth part (Part
D) of the survey were constructed based on Afacan’s37

study. This study considers first IPA self-assessment
questionnaire based on the housing accessibility litera-
ture.37 In this study, Parts C and D are composed of
the same 35 items; they were grouped according to the
modified Barthel Index and its association with the fol-
lowing architectural spaces of senior housing: entran-
ces, vertical circulation systems, bathrooms and toilets,
dining halls and common living rooms (see Appendices
1 and 2 for the simplified version of the instrument with
necessary question that were critical for the discussion).
In the Barthel Index, there are 10 BADL items.35 This
study used an adapted version of the Barthel Index
with the following eight items: feeding, dressing,
ascending/descending stairs, bathing, getting on/off
the toilet, mobility, transfer and personal grooming.
Moreover, these eight items were later converted to
five architectural space categories, such as: (i) walking:
mobility in between interior spaces, (ii) bathing and
toilet usage, (iii) feeding: eating and drinking, (iv)
personal care and dressing, and (v) transfer: movement
without balance lost. In Part C, the participants rated
their importance level of these 35 accessibility
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importance items under these five categories, on a
5-grade scale, from 1 (least important) to 5 (most
important) to identify the importance rankings of
accessibility items in senior housing. Part D was com-
posed of the same 35 questions, but the participants
were asked to rate their own senior housing accessibil-
ity performance levels for each item on the same 5-
grade scale, from 1 (very dissatisfied) to 5 (very satis-
fied). The survey participants were given the definition
of satisfaction; this term indicates the degree to which
they are satisfied with their ability to access and then
carry out the designated function. All the questions
were translated into Turkish and checked by two
native Turkish proof-readers, followed by the inter-
viewers’ training and pilot studies. The four highly
skilled interviewers conducted face-to-face interviews.
Interviewers collected the data during senior housing
visits. Moreover, the interviewers took photographs of
each senior home environment for more in-depth anal-
yses. The survey data was collected face-to-face, in a
place that was convenient for the participants in the
senior housing to access.

The second data collection tool was The
GERontologic Test (GERT) age simulation suit. It
enables young subjects to experience the physical lim-
itations of older adults with respect to vision, audition,
mobility, balance, grip ability and strength.38 It gives
the young subjects the opportunity to have a better
understanding of older adults’ behaviours. The four
separate main components, including: (i) age simula-
tion head, (ii) age simulation torso, (iii) age simulation
legs and (iv) age simulation arms. The age simulation
head also consists of special polycarbonate glasses that
cause changes in colour perception, grainy blurring,
glare sensitivity and narrowed visual perception and
hearing protectors that cause high frequency hearing
loss.

The third data collection instrument was the task
scenarios. Five task scenarios were developed: (i)
mobility tasks, (ii) personal care tasks, (iii) bathroom
tasks, (iv) dining tasks and (v) transfer tasks. A chro-
nometer measured the performance of the participants
in task scenarios in seconds. All scenarios were con-
ducted with the GERT suit and without the GERT
suit. Table 1 illustrates the tasks and sub-tasks.

Six volunteer evaluators (with the mean age of 24.5)
were chosen from fourth-grade interior architecture
students. They were considered as future designers.
All the evaluators were in the same fit body index
and were in this senior housing for the first time.
None of the evaluators had tried a GERT suit before
this study. Three of the evaluators were females and the
other three of them were males (to order to avoid any
biases). Moreover, all of the evaluators had back-
ground knowledge and consciousness about ageing-

related studies and the HCD approach. In order to

measure the perceived closeness between the evaluators

and older adults, one question was asked in the

Inclusion of Other in the Self (IOS) Scale by Aron,

Aron and Smollan.39 The IOS scale aims to help to

understand the perception of the evaluators (i.e. how

close they feel with older adults).39

Data analysis

The first author conducted the data analysis. The study

was composed of four stages of data analysis. The first

stage was IPA and prioritization. IPA is one of the

most commonly used methodological tools in tourism

literature in the context of setting priorities on two

dimensions: importance and performance. IPA has

been used for years in a variety of settings, especially

in tourism research40 and healthcare research.41

Afacan37 suggested that IPA was an effective tool in

deciding how to best meet housing accessibility require-

ments for older adults in order to maximize their ability

to access home elements and carry out daily activities.

Martilla and James42 originally introduced IPA. The

aim of IPA is to achieve customer satisfaction by pro-

viding customer insights into service attributes.42 Data

from customer surveys is depicted in a two-dimensional

matrix. In the matrix, the x-axis depicts attribute

importance and the y-axis depicts attribute perfor-

mance. The attribute weights are derived from regres-

sion weights, structural equation models, correlation

weights, etc. These means of importance and perfor-

mance divide the matrix into four quadrants. The

first quadrant includes attributes with high importance

and performance, which refers to the key qualities in

sustaining a competitive advantage.43 In the second

quadrant, there are attributes with high importance

but low performance, which signify that they need

immediate attention.42 Quadrant three includes attrib-

utes of low importance and performance; it is therefore

not necessary to put in additional effort with these

attributes. Quadrant four is rated as low importance

but high performance, which implies that resources

for these attributes could be used elsewhere.
In the study, importance and performance data were

plotted against one another on a two dimensional grid.

According to IPA, one should take mean values into

consideration before creating an IPA matrix. Mean

values under 1.5 (including 1.5) and values above 4.5

(including 4.5) were not analysed due to the ‘floor and

ceiling effect’. Later, the overall mean values of perfor-

mance defined the origin for the y-axis and the overall

mean values of importance defined the origin for the x-

axis. As a result, four quadrants existed and the related

data was distributed into one of four quadrants: ‘Keep
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up the Good Work’, ‘Concentrate here’, ‘Low Priority’
and ‘Potential Overkill’.41

The second stage was persona creation. In this stage,
an affinity diagram was considered to be useful method
for analysing the qualitative and quantitative data
gathered from the self-assessment questionnaire instru-
ment.44 Through affinity diagramming, accessible
BADL categories in a senior housing were obtained
to define characteristic features when building per-
sonas. The affinity diagram mainly aims to elaborate
on the scope of the problem and present it to the design
team’s focus with basic hierarchical diagramming. The
question of how to organize the hierarchy of the
obtained data is crucial for success.44 The affinity
diagramming method for this study included the fol-
lowing seven steps: (i) consider the data from each par-
ticipant and pull out key points (e.g., participant
comments, observations, expectations, suggestions
and design ideas); (ii) note each key issue individually
on an index card; (iii) shuffle all the cards to avoid any
pre-existing order and place each card on a wall incon-

veniently; (iv) group similar findings or concepts phys-
ically on the wall to identify themes in the data; (v)
code the data with an open mind and structure the
relationships emerges from the data without precon-
ceiving; (vi) label the obtained data for each group;
and (vii) consider the common issues within the com-
ments and their relationship to one another.44 The
third stage was the analysis of the simulation. Each
task simulation (conducted by personas with and with-
out GERT suit) was video recorded on video and mea-
sured in seconds. Later, the data was analysed
statistically using ANOVA and t-test analysis to com-
pare the number of variations within the personas as

well as between the personas, depending on the suit
condition.

The fourth stage was transferring the design knowl-
edge gained through the analysis to a persona-based
model. To develop the model and present knowledge,
ontology framework was used. Ontology is the objec-
tive description of real-world things. Among the
knowledge presentation strategies (by means of the
computer), ontology is the most effective knowledge
reusing and sharing strategy because it strongly guar-
antees the uniqueness and accuracy of the informa-
tion.45 It is an abstract knowledge modelling, which
treats knowledge as concepts, associated attributes
and relations. Therefore, it is an explicit specification
of conceptualization and a formal way to define the
semantics of knowledge and data.46 In the context of
ageing and design studies, ontology is mostly applied in
pervasive computing and assisted living regarding older
adults’ housing environments, smart homes, sensor
technologies and computerized cognitive rehabilita-
tion.47 Most of the ontology studies have focused on

monitoring data management issues. However, data
formation and annotation of the knowledge domain
in ontology-based approaches are more time consum-
ing and require expertise, especially in designing sys-
tems for older adults.48 Because the efficiency of the
knowledge support system determines the level of cre-
ativity and the quality of the design process, a suitable
knowledge support system is crucial for designing older
adults’ housing built environments (those that promote
healthy ageing). Therefore, the developed ontology
should go beyond the specification of persona dimen-
sions, visualization of ergonomics data or task analysis
tools. A prioritized persona model could efficiently

Table 1. Tasks that will be done with and without the GERT simulation suit.

Mobility Tasks (MT)
Personal Care Tasks
(PCT) Bathroom Tasks (BT)

Dining Tasks
(DT) Transfer Tasks (TT)

MT1: Walking from
parking lot to
entrance (lobby)
area.

PCT1: Wearing a
sweater and button
up.

BT1: Access to sink. DT1: Drinking a
glass of water.

TT1: Sitting down on
a chair.

MT2: Using staircase
from ground floor
to upper floor.

PCT2: Sitting and
tying shoe lace.

BT2: Access to shower. TT2: Standing up
from a chair.

MT3: Using staircase
from upper floor to
ground floor.

PCT3: Reaching
lowest personal
care furniture unit
(drawer).

BT3: Access to toilet. TT3: Lying on a bed.

MT4: Walking from
entrance (lobby)
area to personal
suits.

PCT4: Reaching
highest personal
care furniture unit
(drawer).

TT4: Getting up from
a bed.

6 Indoor and Built Environment 0(0)



structure the BADL classes and make their relation-
ships with related accessibility attributes clear. In this
way, one could share information between software
tools and overcome the unstructured nature of creating
accessible senior housing environments for healthy
ageing. Four main stages of the data analysis of this
study are illustrated in Figure 2.

Findings

Descriptive results

All of the participants stated that they did not have any
impairments or treatment processes (including ortho-
paedic, visual and audial impairments). However, two
of the participants stated that they felt safer when using
a walker even if they did not need a walker to walk
independently. They mentioned that they especially felt
the need to use a walker at night time when there were
fewer people in the public areas. These two participants
also stated that they felt safer and better when there
was someone to assist them, especially when they were
sleepy or ill. Forty-two among the 60 participants were
very satisfied with the overall senior housing accessibil-
ity. Most of the female participants (28 of 32 partici-
pants) were very satisfied with accessibility within the
senior housing, whereas most of the male participants
were averagely dissatisfied (24 of 28 participants).
Table 2 illustrates the socio-demographic characteris-
tics of the participants.

Accessibility in senior housing was very important
for most of the participants (47 of 60 participants)
regardless of gender. Thirty-nine participants stated
that accessibility in the bedroom was the most impor-
tant element in senior housing. The second most impor-
tant accessibility element in senior housing was the
‘vertical circulation elements’. Regardless of gender,
the participants (34 of 60 participants) who rated
their independency level on BADL as ‘very good’
also rated accessibility in senior housing as ‘very impor-
tant’. There was also a statistically significant relation-
ship between accessibility importance and
independence level on BADL (p¼ 0.000). The study
also collected the participants’ ideas on accessible inte-
rior design. The ideas and suggestions related to the
relationship between healthy ageing and accessibility
were grouped through affinity diagramming within
three main issues: safety, comfort and accessibility.
Some of the exemplary quotations are illustrated in
Figure 3.

IPA categories

IPA quadrants were constructed based on the two-
dimensional grid of importance and performance

ratings. Importance and performance ratings were

used because IPA was chosen as the methodological

tool, which set priorities on two dimensions of impor-

tance and performance. In the study, 13 items were

removed because of the floor and ceiling effect.49 The

means of overall importance and performance were the

cut-off points between the IPA quadrants. Importance

items are items that belong in Part C of the question-

naire instrument (symbolized with C and the related

question number). Performance items are items that

belong in Part D of the questionnaire instrument (sym-

bolized with D and the related question number).

Figure 4 illustrates the IPA graph with these four quad-

rants for this study.
According to IPA results, C7-D7, C15-D15 and

C24-D24 are located in Quadrant 1, which means

‘Keep up the Good Work’. These three items were

Table 2. Socio-demographic characteristics of the
participants.

Characteristics N Percentage

Gender
Female 32 53.3
Male 28 46.7

Age
65–74 0 0.0
75–84 32 53.3
85þ 28 46.7

Education
University Graduate 60 100

Marital Status
Single 2 3.3
Married 2 3.3
Divorced 0 0.0
Widow 56 93.4

Figure 2. Procedure of the data analysis.
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satisfying to the residents of the senior housing; they

are strong items and, together, the pillar of the organi-

zation. Because these three items are on the first quad-

rant, it means that they are important items for the

residents of the senior housing. It also means that the
participants are satisfied with their performance in
regard to these three items. These three items were
introduced to develop an understanding of the safety,
legibility and flexibility issues in designing accessible
circulation elements and handles of doors, cabinets
and drawers. Senior residents considered it important
that they were able to maintain certain degrees of com-
fort in their BADLs. The accessibility possibilities of
the physical environment in senior housing could be
referred to as ‘satisfaction in performance’.

Quadrant 2 indicates low performance on important
items. In Quadrant 2, ‘Concentrate here’, there are the
following five items: C25-D25, C26-D26, C30-D30,
C31-D31 and C34-D34. Designers should concentrate
on these four items to enhance the accessibility perfor-
mance of older adults. Ignoring these items could result
in the failure of interior accessibility in senior housing
design. The items in this quadrant emphasize the sig-
nificance of dining activity. Compared to the other
facilities, there was an urgent need in the critical anal-
ysis of approach, reach and manipulation in the dining
hall. Moreover, to carry out the dressing activity, com-
fortable seating played a key role in the low accessibil-
ity performance of senior housing.

The items that fell into Quadrant 3, ‘Low Priority’,
are not important and pose no threat to the organiza-
tions. In this study, only item C20-D20 was calculated
in Quadrant 3. To maximize accessibility, outward
opening bathroom doors could have low priority level
compared to other accessibility attributes in senior
housing. Such a priority categorization could indicate
to build environment professionals how accessibility is
addressed in relation to interior design. Deciding which
attributes are not important could encourage designers

Figure 3. Exemplary quotations of participants.

Figure 4. (a) Importance-performance analysis graph with
the four quadrants; (b) a close-up view of the items.
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to go beyond minimum accessibility standards. Items

C3-D3, C16-D16 and C29-D29 were calculated in

Quadrant 4. Quadrant 4 means that there was

‘Potential Overkill’ in the items that were located in

this quadrant after IPA analysis. It means that resour-

ces committed to these items would be better employed

on other items. Thus, it was essential to decrease the

priority level of these items. As mentioned, accessible

interior design requires in-depth insight into attributes

in order to put more emphasis on some attributes and/

or to eliminate them. By determining the attributes that

are in the potential ‘kill’ quadrant, designers can pos-

sibly reconsider the misfit between what is really needed

in practice to design accessible interiors and what is

currently available in theoretical sources.

Developed personas

The study developed three personas by incorporating

IPA graphs through the affinity diagramming method.

The data gathered from the four parts of the self-

assessment questionnaire instrument and the 13 items

located in the IPA graph were grouped and listed with

this diagramming method. User IPA insights were

embedded into persona characteristics’ definitions

while conducting the process of persona creation and

generating their BADL need profiles. User comments,

ideas, observations and ranked IPA items were

immersed into the structured groups. Each persona

contained a selected set of IPA data relevant to their

characteristic features. The affinity diagramming

method for this study includes the following steps: (i)

consider the data from each participant and pull out

key points (e.g. participant comments, observations,

expectations, suggestions and design ideas); (ii) note

each key issue individually on an index card (such as

participant number, task, or site related with the

study); (iii) shuffle all the cards to avoid any pre-

existing order and place each card on a wall

inconveniently; (iv) group similar concepts physically
on the wall to identify themes in the data; (v) code
the data with an open mind and without preconceived
categories (the structure and relationship emerges from
the data); (vi) label the obtained data for each group;
and (vii) consider the common issues related with the
obtained comments and their relationship between one
another. This study, as a result of affinity diagram-
ming, used six categories to define the characteristic
features of building personas for the study. Figure 5
illustrates the overview of all the categories and subca-
tegories of factors that affect older adults’ importance
and performance criteria of the senior housing
environment.

According to affinity diagramming, there were the
following six categories and their relevant attributes: (i)
Safety – handle bars, seating unit and safe vertical cir-
culation; (ii) Comfort – dining area furniture, personal
care furniture, ergonomics of balcony and public area;
(iii) Accessibility – appropriate size and space in the
dining area, bathroom units, and legible routes as
well as colour coding in way finding; (iv) Aesthetics –
furniture; (v) Socialization – independence, family
times; and (vi) Privacy – respect for personal space
and daily routines. These six categories were associated
with IPA items, and three senior housing categories
were finalized (Figure 6).

Later, three personas were created. Holistic persona
consists of the following five aspects: (i) a persona
should be realistic; (ii) a persona should include
target user groups’ personalities; (iii) a persona
should include target user groups’ intelligence; (iv)
knowledge; and (v) cognitive process.49 This study
also referred to these five key aspects of ‘holistic per-
sonas’ to eliminate the limitations related with the
resemblance of real target users. These limitations in
the study were dealt with as follows; by giving
each persona a name to engage them in a deeply
manner, by including information on their

Figure 5. Overview of the categories and subcategories of factors affecting older adults’ importance and performance criteria
of a senior housing environment.
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importance-performance rankings, by structuring pri-

oritized data using cluster analysis and affinity

diagramming to represent a group of people with suf-

ficient accuracy, and later by simulating to validate the

reliability of the developed personas.
In this respect, each persona corresponded to each

senior housing category, respectively: accessibility,

safety and comfort. Figure 7 illustrates the personas

with given names created for this study. Each persona

was also shaped according to the reported age-related

health problems that limited their physical activities,

such as osteoporosis, postural problems and diabetes.

In the study, one assumes that these health problems

were not to a degree of affecting the independence of

older adults in their BADL, because all the participants

were independent according to the Barthel Index (as

previously mentioned).

Persona simulation with and without
GERT suit

Six interior architects conducted the five task scenarios

presented in Table 1 in two session groups; a session

with GERT suit and a session without GERT suit. To

overcome the learning effect, there was a one-week

break between the groups. To overcome the order

effect, three randomly assigned evaluators conducted

the task scenarios with GERT suit first, and later with-

out GERT suit. The other three conducted the scenar-

ios without GERT suit first and later with GERT suit.

Each evaluator conducted the task scenarios separately

to prevent any biases. Figure 8 illustrates the mean

values of time duration in seconds for each persona

and each task with and without the GERT suit.
ANOVA was conducted to test whether there were

any significant differences between the session groups

in terms of task effectiveness regarding the suit

condition. ANOVA was conducted among three per-

sonas. According to the ANOVA results, there were

significant time duration differences among personas,

regardless of the suit condition and in the following

three sub-tasks: (i) MT2 ‘Using staircase from ground

floor to upper floor’ regarding both conditions

(p¼ 0.005 with GERT suit, p¼ 0.017 without GERT

suit); (ii) BT2 ‘Access to shower’ regarding both con-

ditions (p¼ 0.015 with GERT suit, p¼ 0.022 without

GERT suit); and (iii) TT4 ‘Getting up from bed’

regarding both conditions (p¼ 0.030 with GERT suit,

p¼ 0.035 without GERT suit). The task effectiveness in

only MT3, ‘Using staircase from upper floor to ground

floor’, was significantly different in the GERT suit con-

dition (p¼ 0.043). The study conducted post hoc

Figure 7. Personas of this study (Photographs of the per-
sonas are taken by the second author).

Figure 6. Three senior housing categories associated with
importance-performance analysis items obtained through
affinity diagramming.
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comparisons, the Scheffe test, for these tasks to explore

whether there were significant differences between the

means of any two personas that were being compared.

The Scheffe test was selected for post hoc comparison,

because it examines subgroups formed by various com-

binations of the samples, rather than just pairwise com-

parisons. According to the Scheffe results, there were

statistically significant differences between Ayşe and

Osman and Afife and Osman considering the following

sub-tasks: MT2, MT3, BT2 and TT4 (with significance

value lower than 0.05).
An independent sample of t-test was also conducted

to analyse the impact of the suit condition on the effi-

ciency of the tasks. According to t-test analysis, when

one considered the overall task efficiency, there were

significant efficiency differences in terms of suit condi-

tion in all of the four tasks except the MT task: PCT

‘Overall’ (F¼ 0.890, t¼ 1701, p¼ 0.096, at 0.05 level);

BT ‘Overall’ (F¼ 0.459, t¼ 1.110, p¼ 0.275, at 0.05

level); DT overall ‘Drinking a glass of water’

(F¼ 0.005, t¼ 1.670, p¼ 0.126, at 0.05 level); and TT

‘Overall’ (F¼ 2.035, t¼ 1,289, p¼ 0.204, at 0.05 level).

When one considered efficiency in the subtasks, the

study found significant differences only in the following

five sub-tasks: BT1 ‘Access to sink’ (F¼ 3.769,

t¼ 1,754, p¼ 0.110, at 0.05 level); BT2 ‘Access to
shower’ (F¼ 1.567, t¼ 1.685, p¼ 0.123, at 0.05 level);
TT1 ‘Sitting down on chair’ (F¼ 1.706, t¼ 1.387,
p¼ 0.196, at 0.05 level); TT2 ‘Standing up from chair’
(F¼ 2.168, t¼ 1.265, p¼ 0.235, at 0.05 level): and TT4
‘Getting up from bed’ (F¼ 8.344, t¼ 1.935, p¼ 0.082,
at 0.05 level). Perceived closeness was also measured by
the IOS Scale by Aron et al.39 According to the inde-
pendent sample of t-test results, there was a significant
perceived closeness difference between the groups with
and without the suit (p¼ 0.000, at the 0.05 level). The
group with the GERT suit experienced higher per-
ceived closeness toward older adults.

Development of a PP-B model

In the study, a PP-B senior housing environment model
was developed based on an ontological framework. To
our knowledge, this study is unique since ontology-
based framework is not commonly used in designing
for older adults’ housing environments. In the ontology
of this study, senior housing design categories are the
three main domains of the framework: safety, comfort
and accessibility. These domains were obtained by per-
sonas created according to IPA method’s findings. In
this framework, there are also three classes: ‘senior
housing environment’, ‘senior housing residents
(users)’ and ‘BADL’. All these classes have sub-
classes with different object properties. For example,
‘Grab bars are essential while transferring within inte-
rior spaces’ is a general statement for an interior
designer. The same transfer statement was also stated
by KASEV residents during a survey questionnaire and
observations as well, which was also presented in the
framework with its related attributes. In the frame-
work, arrows symbolize the relationships among differ-
ent domains, classes and sub-classes. The relationship
of ‘senior housing environment’ class is defined by
‘need spaces of’, which means that an accessible
senior housing has the spaces described in the sub-
classes: entrance/lobby, bedroom (suits), bathrooms,
etc. Moreover, the associations between the ‘senior
housing environment’ class and the ‘BADL’ class are
defined with the terms ‘need spaces of’ and ‘need activ-
ities of’, while the associations between ‘senior housing
environment’ class and ‘senior housing residents’ are
defined with the terms ‘need consideration on’ and
‘need maintenance on’. As a result, for accessible
senior housing, the study structured the multiple asso-
ciations by ‘spaces’ class, ‘activities’ class and ‘physical
capabilities’ class to find an optimum design solution.
For assessing other accessible environment domains of
older adults, associated classes, subclasses and accessi-
bility categories could be gathered through an ontolog-
ical framework, but a different PP-B model would be

Figure 8. (a) Mean values of time duration in seconds for
each persona and each task scenario with GERT suit and (b)
without GERT suit.
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obtained with a different prioritized hierarchy. The

accessibility knowledge network built upon ontologies

would change if personas and activities changed. This

network also corresponds with the iterative character

of persona method, which is based on cyclic process

composed of testing, analysing, designing, evaluating

and revising the design based on the most recent itera-

tion of domains and classes. Because the modelling for

this study consisted of the real-life situations of older

adults, we considered all extents related with senior

housing design. Figure 9 illustrates the PP-B senior

housing environment model based on an ontological

framework.

Discussion

This study was an attempt to contribute to the existing

scientific interior design literature by developing a new

method of combining ageing simulation with personas

through IPA and BADL. Even though the study

presents a sequential design of the multi-method

approach (IPA matrix and GERT ageing simulation)

in which the GERT ageing simulation stemmed from

the data gathered in the IPA process, it is crucial to

state for the future studies of the interior design field

that the two methods also operated in parallel as a kind

of confirmation of each other. These types of combina-

tions may also be useful to deal with the difficulties of

stereotyping, which is a common difficulty experienced

when gaining and applying knowledge about human

beings and their interaction with their environments.

The proposed combination with the simulations

might have the potential to resolve an over-

generalized belief about users in terms of empathy/

engagement with personas. This is particularly relevant

regarding stereotyping, which is often based on incor-

rect information. To follow the logical argumentation

of the study and elaborate on this new method in detail,

it is possible to discuss the findings from two points of

view; (i) IPA and the Development of the Personas,

and (ii) the ageing simulation suit as a test of simulated

performance.

IPA and the development of the personas

A suitably designed physical environment is not only

important in overcoming behavioural issues, but is also

essential in providing comfort and promoting indepen-

dence.50 In the study, IPA was an effective tool to

describe accessibility attributes and optimize these

attributes in order to maximize one’s ability to access

and carry out the designated BADL. Accessibility

Figure 9. The PP-B senior housing environment model based on an ontological framework.
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attributes in the literature often translate user needs
into facts (such as minimum widths of corridors, etc.)
and they offer limited data to interior designers. To go

beyond accessibility attributes, the study proposed a
persona development process based on data obtained
by IPA. Although the persona creation process has
been shown a significant role in this study and has
helped resolve accessibility decisions in the senior hous-
ing context, one should question and carefully analyse
the persona method as to whether it promotes stan-

dardization at the risk of hampering individualization
(despite its cost effectiveness). The benefits of using
persona could be limited if the information contain
conflicts. Thus, to overcome this challenge, the study
suggests the ageing simulation suit to be a test of sim-
ulated performance to construct later a hierarchical

model composed of intermediary associations (as illus-
trated in Figure 8).

The ageing simulation suit as a test of
simulated performance

The ageing simulation sessions in the study were devel-
oped as a test of simulated persona performance. The
group with the ageing simulation suit experienced
higher perceived closeness toward older adults. One
should highlight that the study did not aim to verify

the accessibility of senior housing by using the simula-
tion suit; rather it aimed to overcome the limits of
personas by increasing perceived closeness toward
older adults (something designers tend to skip in the
application of empathic design). Ageing simulation
with the GERT suit and without the GERT suit pro-

vided insight as to how different personas may play a
key role in addressing the different importance rank-
ings of accessibility attributes and how individuals have
different performance degrees in their BADL. For
example, in the study not every older adult feels the
need to use grab bars for support during transfer
tasks/activities. According to the simulated perfor-

mance of personas, the users who are giving impor-
tance to safety issues are the users who care about
the availability of grab bars in an accessible senior
housing design. It means that an accessibility attribute
could be considered an essential design solution for
some older adults while others do not consider grab

bars as a crucial design issue. Moreover, the simulation
findings of the study show that by wearing the suit,
designers became aware of how they were affected by
being old, even artificially, at the physical (bodily) level.

Limitations and future study

There were several limitations of the study. First, the
study included a relatively small number of

participants. As mentioned in the literature review,
ageing is not a homogeneous process, and according
to the WHO’s (1998) categorization, there are three
subgroups; young-old (65 to 74 years), middle-old
(75–84) and oldest-old (85 years and more). So, the
results could be different if there was a selection of
age range to choose from in the suit design.
Moreover, there are definitely other aspects of diversi-
ty, such as education, marital status and income level,
etc. which play significant roles on user needs, demands
and expectations while designing indoor and built envi-
ronments. So, participants with different demographic
data might present different IPA findings and a diverse
ontological framework. Second, the cognitive capaci-
ties of older adults were not taken into consideration.
However, as a result of the normal ageing process,
physical capabilities decrease but cognitive capabilities
reduced as well. In this manner, in order to conduct a
more reliable study in terms of age limitations, cogni-
tive capacities should be considered. Third, using rep-
resentative older adults in addition to the younger
designers during the ageing simulation sessions could
give different design responses. With regards to the
transferability of the PP-B model and quantitative per-
sonas to other user contexts, some limitations should
be highlighted. In the health context, where a user-
centric research is always essential while designing
hospital indoors and built environments, direct partic-
ipation of patients might be challenging because of
some ethical concerns and time constraints. In the
built environment contexts, such as airports, there
might be more correlated parameters related to IPA
attributes that require computation to transfer into
persona profiles.

For future studies, the developed model with simu-
lated physical ageing methodologies could be applied
to other types of residential environments, such as
cohousing environments. Cohousing is a community,
composed of self-contained home units and these com-
munities are enhanced by shared facilities and services.
This new collaborative housing concept is designed to
develop better healthcare facilities, services and social
interactions for older adults.51 Since cohousing is one
of the contemporary alternatives in senior housing
environments, issues related to HCD for promoting
healthy ageing should also be investigated in future
studies. Moreover, enhancing the developed model
with immersive virtual reality technologies would pro-
vide interactive design opportunities not only in build-
ings, but in product design as well. Furthermore, it
should be noted that a PP-B model plays a key role
in stimulating designers’ engagement with user impor-
tance and performance attributes and translating the
user insights into systematic diagrammatized quantified
associations of design priorities. Since design practice
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differentiates itself from other formal disciplines, how

to put personas and the proposed PP-B model in prac-

tice still requires further research. Interior designers

and design students could work on automated design

models assisted by semantic reasoning to synchronize

user data elicited from personas combined with wear-

able simulations and to iterate multiple associations of

indoor design attributes in prioritized models. The

second author is working on the follow-up studies of

the proposed model in airports and urban environ-

ments in terms of walkability attributes.

Conclusion

Creating accessible senior housing is a necessity of the

contemporary design world.52 The representation of

accessibility attributes, activities of older adults and

their physical abilities require dealing with multiple

instruments. Designing and decision-making while

designing is a knowledge intensive process.53 A sum-

mary of the overall findings of the study is as follows:

1. The demonstrated PP-B model in the study can poten-

tially provide a support mechanism for decision-

making in older adults’ housing design projects.
2. The model helps interior designers synchronize design

knowledge on accessibility attributes and users’

BADL performance along with their accessibility

importance rankings. It is not possible to decide

importance rankings of design attributes and define

associations between attributes and performance

degrees of activities in advance. What is possible to

do is to develop critically importance-performance

matrices that follow the next step of developing acces-

sibility guidelines for specified environment contexts.

By the help of PP-Bmodel designers could capture the

interactions between accessible design attributes and

components for senior housing environment design.
3. The translation of the model into design guidelines is

relevant in terms of leading interior designers on

how to design a senior housing environment for

healthy ageing.
4. The PP-B model could be implemented into an acces-

sible design project in terms of informing the prepara-

tion of accessibility guidelines, which in turn would

inform a design program for older adults.

Implications of this model are significant because of

the following reasons. First, the prioritization struc-

ture of the PP-B model has the potential to support

individualized needs of personas. Second, the simula-

tion structure of the model challenges existing accessi-

bility standards and empathic models by making

empathic approach active. Third, the ontological

framework of the model could provide systematic

user data and diagrammatized associations between

activities and spaces.
5. Interior designers and built environment professio-

nals are struggling to capture user data related to

accessible design and structure its association with

design requirements, because they require complex

structured background knowledge processing. In

this sense, this PP-B model also supports accessible

design knowledge reasoning, retrieval, access and

application during the complete process of housing

environment design for older adults.
6. Additionally, the model has also relevance for studio

instructors engaging students in design for older adults.
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Ş MT contributed to the design of the study, data collection,

data analysis and data findings as a part of her PhD Thesis at

Bilkent University, in the Department of Interior Architecture

and Environmental Design. YA contributed to the design of

the study, paper writing and to the paper revision.

Acknowledgements

The authors would like to thank the study participants and

acknowledge their contributions.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this

article.

Funding

The author(s) disclosed receipt of the following financial sup-

port for the research, authorship, and/or publication of this

article: The financial support for this study was supported by

the grant of Science Academy’s Young Scientist Award

Program 2017 (BAGEP) received by the second author.

ORCID iD
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Appendix 1. Critical importance-performance ranking questions (Alternative 1).

Not
Important at All

Not
Important Neutral Important

Very
Important

C. IMPORTANCE RANKING
QUESTIONS 1 2 3 4 5

Mobility: Mobility within Spaces
C3. Legible route to the main
entrance/lobby.
C7. Provision of adequate hand-
rails and balustrades in vertical
circulation elements such as stair-
cases etc.
C15. Colour tones in the interior
are comfortable to move.
C16. Adequate interior
illumination.

Bathroom and Toilet Use
C20. Outward opening bathroom
doors.
C24. Easy use of all door, cabinet
and drawer handles used in the
bathroom with both right and left
hand.

(continued)
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Appendix 1. Continued

Not
Important at All

Not
Important Neutral Important

Very
Important

C. IMPORTANCE RANKING
QUESTIONS 1 2 3 4 5

Dining: Eating and Drinking
C25. Design of dining hall with

appropriate space and dimensions.
C26. Provision of a comfortable
approach zone for dining tables.
C28. Use of kitchen utensils with
low physical effort.

Personal Care and Dressing
C29. Bathroom mirrors at appro-
priate heights.
C30. Personal drawers and cup-
boards with low physical effort.
C31. Design of comfortable seating
area when dressing.

Transfer: Moving without Balance Lost
C34. Ease of reach and access to
furniture.

D. SATISFACTION RANKING
QUESTIONS

Least
Satisfied

Less
Satisfied

Neutral Satisfied Very Satisfied

1 2 3 4 5 It Does
Not Exists

Mobility: Mobility within Spaces

D3. Legible route to the main
entrance/lobby.
D7. Provision of adequate hand-
rails and balustrades in vertical
circulation elements.
D15. Colour tones in the interior
are comfortable to move
D16. Adequate interior
illumination.

Bathroom and Toilet Use
D20. Outward opening bathroom
doors.
D24. Easy use of all door, cabinet
and drawer handles used in the
bathroom with both right and left
hand.

Dining: Eating and Drinking
D25. Design of dining hall with
appropriate space and dimensions.
D26. Provision of a comfortable
approach zone for dining tables.
D28. Use of kitchen utensils with
low physical effort.

Personal Care and Dressing
D29. Bathroom mirrors at appro-
priate heights.
D30. Personal drawers and cup-
boards with low physical effort.
D31. Design of comfortable seating
area when dressing.

Transfer: Moving without Balance Lost
D34. Ease of reach and access to
furniture.
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Appendix 2. Critical importance-performance ranking questions (Alternative 2).

Mobility: Mobility within Spaces
C3–D3. Legible route to the main entrance/lobby.
C7–D7. Provision of adequate handrails and balustrades in vertical circulation elements such as staircases and elevators.
C15–D15. Colour tones in the interior are comfortable to move.
C16–D16. Adequate interior illumination.

Bathroom and Toilet Use
C20–D20 Outward opening bathroom doors.
C24–D24. Easy use of all door, cabinet and drawer handles used in the bathroom with both right and left hand.

Dining: Eating and Drinking
C25–D25. Design of dining hall with appropriate space and dimensions.
C26–D26. Provision of a comfortable approach zone for dining tables.
C28–D28. Use of kitchen utensils with low physical effort.

Personal Care and Dressing
C29–D29. Bathroom mirrors at appropriate heights.
C30–D30. Personal drawers and cupboards with low physical effort.
C31–D31. Design of comfortable seating area when dressing.

Transfer: Moving without Balance Lost
C34-D34. Ease of reach and access to furniture.
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