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The care for the elderly and people with disability increasingly demand more
ingenuity to undertake, especially as it relates to the built environment. The
impact of the physical environment on health has been widely documented. The
knowledge of the special needs/preferences of this vulnerable group of users
(people suffering from Alzheimer, autism, dementia and other similar disabilities),
for the purpose building of performance evaluation and subsequent improvements
is essential. The challenge is that their conditions, as exemplified by the loss or
impairment of their capacity to provide accurate/realistic information of their
building attributes' perceptions and preferences, make such knowledge
inaccurate to serve as basis for building improvements and designs. This paper
seeks to provide a scientific means for obtaining more accurate knowledge, which
when obtained normally can be misleading and non representational of reality.
The method adopted for this study is fuzzy-neural-network computation, a branch
of computational intelligence, to develop an all-encompassing knowledge based
building performance assessment model.
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INTRODUCTION
The environment accounts for the wellbeing of human, in terms as part of social, cultural and health
measures. The built environment being largely what
deﬁnes the environment (building and surrounding)
is at the core of this wide term 'environment'. It
has lately become more apparent that the relationship between health and building is more far reaching than commonly perceived, as illustrated by sick
'building syndrome', the user can be sick especially
in public and institutional buildings as a result of the
impact of building on him or her. This eﬀect is more

apparent with elderly and disabled, who are either
permanently or temporarily suﬀering from health impairment as a result of ageing or disability, while the
buildings do not take their impairment into account
suﬃciently.(Solar & Irwin, 2007)

Aim
The aim of this research is to reach optimal building performance, for enhancing health comfort of
elderly and disabled people. An essential step towards realizing this aim is developing a model for
the precision assessment of buildings' performance
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from the standpoint of the group.From the scientiﬁc
viewpoint the work addresses the issue of how to
bring into computational form the complex information on the performance of a building from standpoint of elderly and disabled. In particular the issue of
coping with the soft nature of the knowledge being
modeled is tackled. It demonstrates the suitability of
neural computation for this purpose.The introduced
model will oﬀer a factual platform for measuring the
performance of buildings for this user group leading
to better understanding of their needs, especially by
the following stakeholders:
• Building designers and post occupation evaluators
• Care givers
• Building facilities managers
The adopted method, with the feature of adaptability to most situations gives better and more realistic representation of the satisfaction needs of the elderly and the disabled who are at cross road as to how
there special needs can be understood and taken
care of as they battle with the challenges of their condition(s). Situations associated with ageing and disability. This instability is what this method will address adequately, thereby making it unique for both
pre and post occupation evaluation tailored to the
needs of elderly and disabled.
Designers of buildings that are be used by elderly
and disabled will beneﬁt from this, as they will by this
also have a means of understanding what they need
to adjust or upgrade in the building environment to
help bolster the satisfaction of their target group.

LITERATURE
Research Theory and Context
The following statements, as contained in studies
of architecture, environment, gerontology and disability research aptly captures the context of this research:
"There is a risk that disabled persons develop
a negative self-image as a victim of the disability.
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A manageable environment could contribute to the
mediation of a negative self-image. It can be claimed
that the social model of disabilities has detached the
bodily experience from the physical environment.
For good reasons, for instance to get away from the
medicalization of inﬁrmity, this model declares that
disability is a social construction. The social model
of disability has its physical counterpart in the "inclusive design" paradigm. The latter is of course by
its physical nature closer to the body and its experiences. "Since there has been life on earth it is our
feet which remind us we are alive. We know we exist
when we feel it in the soles of our feet and all of us in
infancy begin by learning to walk" (Ando quoted in
Frampton 2002:318)." (Gursel, I., et al., 2009)
It is for these reasons that attempts are continually made to enquire about users' satisfaction
through performance assessment. Post occupation
evaluation (POE) is a common means for this in the
built environment. The results of the assessment
help in keeping in tandem with changes by serving
as basis for solution(s).
The task of dealing with the interest of elderly
and disabled people is particularly diﬃcult due to the
diﬀerent type of physical or mental challenges, leading to expectedly large variance among the people's
perception. It is this extra over challenges that this
research is focused at proﬀering solution(s).
The features of neural computation that are desirably needed for this class of study are that:
• It is able to deal with the complexity of
environmental information, which is characterised by many attribute relations and nonlinearity among the relations.
• It is robust and fault tolerant.
• It is ﬂexible. It can adjust to a new environment by "learning"
• It can deal with information that is fuzzy,
probabilistic, noisy or inconsistent.
The ability of the method to deal with the complexity of the environmental information provided by the

elderly and disabled is the motivation for its adoption for this method for this research.(Hertz, Krogh,
& Palmer, 1991)
A neural tree structure is considered with nodes
of neuronal type that is a Gaussian function and it
plays the role of membership function. The total
tree structure eﬀectively works as a fuzzy logic system having system inputs and outputs. In this system the locations of the Gaussian membership functions of non-terminal nodes are unity so that the
system has several desirable features and it represents a fuzzy model maintaining the transparency
and eﬀectiveness while dealing with complexity.
The model has transparent fuzzy modelling properties and addresses complexity issues at the same
time.(Ciftcioglu, Sariyildiz, & Bittermann, 2007)

Health and the Built Environment
Goldsmith, (1997) posited that the disabled is an
ambiguous term. It can mean, as it usually does,
people with disabilities, those who got something
wrong with them, which a physician can describe.
That is the medical model. Or it can mean people
whether or not they be 'medically' disabled, who are
in some other way disabled - who are ﬁnancially disabled, for example, or socially disabled, or 'architecturally disabled'. It is architecturally disabled people
with whom this research is concerned. Those who
when using or attempting to use buildings can ﬁnd
themselves confronted by impediments which prevent them from doing so or allow them to do so only
with diﬃculty and inconvenience.
The research is but concerned with measuring
the perceptions of features of a building as to understand their eﬀects on satisfaction of elderly and disabled, providing basis for optimal solution(s).
The groupings of impairments are:
• Physical or mobility problems
• Sensory loss
• Long term health problems
• Co-ordination and intellectual impairment

• Psychiatric or emotional/motor co-ordination.
These characteristics translate to emotion and mood
swing. This is one of the features that mark the group
out as diﬀerent from others. The ground for the special attention is thus hinged on their vulnerability
caused by their mental state.
Attention is usually paid to the need to investigate how central and the extent to which the following factors serve as basis for measuring and also their
impact on elderly and disabled persons' health:
• Outdoor environment
• Indoor environment
• Security
• Safety
• Landscape - Garden
• Parking lot
• Private rooms
• Common rooms
• General facilities

Building performance assessment
Much research has been done in performance assessment. There have been so many propositions,
some based on geographical location, government
etc. that it appears not much is left to do. However
in general the performance concerns crisp, engineering variables such as energy, stress, and son on, while
soft aspects such as appreciation of a building have
been ignored largely. This is presumably also due to
the complexity of soft aspects. There has been an
imbalance in the focus of the assessment; there exists a gap in the focus, the neglect of perception and
assessment of spatial quality, in particular from the
standpoint of the elderly and disabled people about
the built environment. (Lutzkendorf, T., and Lorenz,
D.P., 2006).
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Table 1
Questionnaires
response rating
values.

Gursel, I., et al (2009) explained that building performance assessment refers to the identiﬁcation and
quantiﬁcation of the performative objectives that a
building is expected to satisfy, and the utilization of
means for the evaluation of the building in order to
assess its lifecycle performance quality. The aim of
this approach is to enable the design and execution
of buildings that are highly suitable for their occupants, considering thermal, acoustical, visual, environmental, safety-, comfort, and health-related aspects.

computation).
The choice of this method is premised on its
novel strength of dealing with fuzzy information that
is conventionally considered not to be amenable for
easy computation.
The survey/data collection for this study were obtained through the following means:
1. Observations
2. Open-ended Interviews
3. Structured questionnaires

METHOD & APPROACH
The research method adopted for this study is 'mixed'
- in that it combines both qualitative and quantitative aspects. Expert knowledge, with statements
from users, that are qualitative in nature is obtained
and analySed quantitatively using neural computation, eﬀectively establishing a model. For this, information is obtained through observations, interviews, and questionnaires. Advanced computational
method of neural computation will be used for both
analysis and model development. The use of neural computational method to gain factual information from the complex mindset of the group is the
hallmark of this research. The information is characteriSed by 'volatility of mood and emotion' making
understanding them so daunting that the simple statistical methods are inadequate.
The core method adopted for this study is fuzzy
neural network in the domain of computational intelligence. The information used in the network analysis was obtained using qualitative methods of interviews, observations and questionnaires. It is safe to
say that dual methods are used for this research. The
main tool used being fuzzy neural network (neural
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Visit and interactions with people in buildings frequently used by elderly and disabled people oﬀered
the needed opportunity to gain comprehensive insight through.
Interview with the following experts and health
care personnel helped to verify the structure of the
model. Some other experts interviewed are: Geriatricians, Physicians, Nurses, Care home managers, Facilities managers, home care givers, and Designers.
The questionnaires (a part of which is shown in
Table 1) have ﬁve options with value ratings as indicated in Table 2.
For these purpose ﬁfteen experts were interviewed asking structured questions aimed at conﬁrming or disputing some of the observations/perceptions.
The respondents to the main questionnaires (Table 1) are the elderly and the disabled who were to
be randomly sampled for this study. A sample population of 1000 people, grouped into 600 for the disabled and 400 for elderly. The survey was carried out
in Nigeria. The spread of the sample population took
cognisance of the diﬀerent types of buildings. (Institutional and public buildings)

Table 2
Part of the
questionnaires.
(Input questions
corresponding to
Node 2 of the
model Tree).
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Equation 1 represents the cumulative end point
value, these are obtained from the nodal transfers using the transfer functions at each nodes.
The transfer function Oj (equation 2) is applied
at each nodes sequentially.
Where j is the layer number; i denote the i-th input to the node; wi is the degree of membership at
the output of the terminal node; wij is the weight
associated with the i-th terminal node and the nonterminal node j. The width of the basis function σ is
used to measure the uncertainty associated with the
node inputs designated as external input X. The output of i-th terminal node wi is related to X by the relation , where wij is the weight connecting terminal
node i to terminal node j. It connects the output of a
basis function to a node in the form of an external input. The centres of the radial basis functions are the
same as the input weights of that node, wij . (Ciftcioglu, Bittermann, et al., 2007)
The rated values obtained from the questionnaires, were clustered and then used as weights wi
in data analysis and computation.The algorithm used
in the computation takes the form of ﬁgures 1-4.

2. The perception levels for each of the major attributes are also shown on the right hand side
of the certiﬁcation/assessment report - (ﬁgure
5)
Figure 1
Performance
Assessment Neural
Tree Model (Figure
1 – Neural Tree
structure)

Figure 2
Fuzzy Neural Tree
(Performance
assessment model)
– Close-up 1

Figure 3
Fuzzy Neural Tree
(Performance
assessment model)
– Close-up 2

RESULT AND DISCUSSION
Table 3 shows part of the computation in excels worksheet. All the variables are combined relationally and
hierarchically using the fuzzy neural network computation algorithm. The fuzziness in the variable input
data become stabilised and from the computation
the outcome for a typical building type - a psychiatric
hospital is presented in a ﬁnal report sheet, in certiﬁcation format.
The features of the certiﬁcation report are that:
1. The overall level of perception, in terms of rating is indicated

222 | eCAADe 32 - Collaboration and Participation - Volume 2

Figure 4
Fuzzy Neural Tree
(Performance
assessment model)
– Close-up 3

Table 3
Data Mining/Computation (part of
the excel
worksheet)

Collaboration and Participation - Volume 2 - eCAADe 32 | 223

Suﬃce it to say that with this certiﬁcation report format. The following decisions can be drawn very easily:

Figure 5
Building
Performance Model
Certiﬁcation Report
(Sample)

• The building and its surrounding can be
judged as being satisfactory or otherwise
• The contributing attributes to this satisfaction
level are clearly seen in terms of their contributions to the ﬁnal perception level.
• The attributes that are of utmost priority to
the target users become very clear and intervention can be directed at them base on priority level.
The foregoing summation is preceded by data mining processes and then used in the neural network
analysis towards developing assessment model as
explained below:
The research survey data was checked for integrity, consistency and generally transformed making them usable for computation. Fuzzy logic principle, a method within the computational intelligence domain was used to develop algorithm for
data processing/learning to establish performance
output and user preferences.
Speciﬁcally parametric values were determined
from the data and used in the algorithm. The structure of the algorithm takes after the Fuzzy Neural
Tree, Fig. 2. The survey data were ﬁrst transformed
and prepared in matrix forms; computations were
carried out with the aid of Microsoft Excel/VBA. The
neural tree input layer, consists of 88 input variables,
with about 1607 input range, the nodal sigma values were determined based on the established algorithm. The connecting weight values that represent
professional knowledge serve as one of the variables
in the transfer functions used for node-to-node value
transfer until the ﬁnal output node, where the value
obtained represents the overall performance of the
building assessed.

224 | eCAADe 32 - Collaboration and Participation - Volume 2

CONCLUSIONS
It is concluded that the research outcome can be
used to determine how satisﬁed the users are with
the building, the preferences indicated by the scores
can equally be used to upgrade areas of the building
with poor performance perception as represented by
low score in a value range of 0 - 1scale value.
It is important to note the following:
The current methods/means of obtaining knowledge from building users, questionnaires, interview
and interactions require further research in collusion
with those working of human emotion research to
see how emotion sensors can be used to acquire information from the study group. The results so obtained shall be interpreted with utmost care as to
separate factors contributing to moods and general

feelings that relate to buildings/surrounding environment from other social factors that might be unrelated to the physical environment.
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