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Abstract
Architectural design targets mainly humans, the lives of whom are dynamic and continuously
changing. Consequently, the conventional design methodologies that deal with buildings as static
entities do not always represent the proper method to generate user-friendly buildings. This paper
presents a methodology that deals dynamically with the changing settings of buildings and their
associated systemic configurations. This method is scenario-based design, in which scenarios
represent essential tools for exercising various role playing and exploring potential “what-if”
settings. In this method, a scenario structure aims to develop knowledge about each setting's
compatibility to a set of prescribed expectations and quality criteria. To test the applicability of
the proposed methodology, an experiential studio project is implemented. The project is
orchestrated to illustrate the methodological use of scenarios and to gain in-depth understanding
and predictive insights into the real-world architecture from various users’ perspectives. The
method presented and discussed in this paper uses scenarios to analyze, develop and evaluate
architectural design solutions that aim to achieve specific performance attributes, such as the
flexibility, modifiability, transformability, adaptability, extensibility, functionality and operation of
building components. The project that demonstrates the proposed method in action is illustrated
by examples. The reflections about the method and its implementation seem to encourage its
adoption as an alternative design processing tool that fits strongly within emergent typologies such
as metamorphic, interactive, responsive and kinetic architectures.
& 2018 Higher Education Press Limited Company. Production and hosting by Elsevier B.V. on behalf
of KeAi. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Product creation requires imagination and visualization
competencies. In architecture, it helps to envision a
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building and its future operation within its predicted
temporal and spatial contexts at the early stages
of the designing process. One way to help a designer
imagine a future form, function and performance of a
building is by setting various key scenarios for the
future usage of the building throughout its predicted
lifecycle. Scenario-based design is a methodology that
portrays various possible configurations, operations, inter-
actions, and “what-if” experiments on designed products to
explore and predict their potentials, performances, weak-
nesses, strengths, and opportunities, before their actual
manufacturing. Despite its significance, the scenario-based
design method is still under-applied in the engineering
design fields in general, and seriously under-represented
and under-utilized in the architectural design domain in
particular.
2. Scenario-based design

To help assure quality in buildings, designers need to
visualize a post-occupancy functionality and performance
of these buildings in action. Furthermore, the internal and
external interactions between the expected end users and
buildings are necessary to envision at the early stages of
design processing. Such a visualization requires knowledge
about the various settings and situations of the dynamic
utilization of spaces, and about the sequences and con-
sequences of human/environment interface and interac-
tions. In this context, a scenario portrayal functions as a
mechanism that enables designers to elucidate usage situa-
tions from different perspectives to manage fixing predicted
problems and apply tradeoffs of alternative solutions to
produce optimum products and achieve effective design
outcomes. In this regard, the scenario configuration helps
expose not only the functionality of the product at hand,
but also the future experiences and interactions of users
with them.

Most of the applications of the Scenario-Based Design
(SBD) method can be found in the software development,
computer engineering, technology product design, and
human-machine interaction domains (e.g. Carroll and
Haynes, 2011; Cervantes and Kazman, 2016; Harel and
Marelly, 2003; Hertzum, 2003; Kazman et al., 1998; Rosson
and Carroll, 2002; Palotta, 2007), and in fewer examples of
medical and healthcare products (e.g. Huis in't Veld et al.,
2010; Rasoulifar et al., 2009; Thomann and Caelen, 2007;
Vincent and Blandford, 2015) to simulate product perfor-
mance and user-product-interface potentials.

Although SBD has been used in engineering design to
explore the ways in which a system meets its operational
requirements, there has been little systematic implementa-
tion of scenarios in architectural design. The inter-
disciplinary extrapolation of such usage can be explored
to support the design of buildings. In particular, the SBD
method can be employed for the analysis of architectural
system performance as related to the time dimension in
design processing. The attributes associated with system
performance include the: functionality, modifiability, exten-
sibility, security, maintenance, and performance in
emergency cases.
In most design domains, the designed products are used
for limited periods of time, whereas buildings are used and
interacted with for much more prolonged durations of
human lives. To make building designs more cost-effective,
time-effective and function-effective, more careful plan-
ning and detailed exploration are needed. Such an informed
futuristic planning helps reduce risk, minimize mainte-
nance, optimize solutions, and sustain quality. The SBD
method has the potential to help in the effective planning
of operational buildings for real life settings, and in the
design optimization to meet the prescribed design
criteria. Not only the SBD can enhance design planning
but can also guide the informed analysis and evaluation of
buildings. In this regard, as the scenario exploration
evolves, the analytic layer can be developed and used to
assess the impact of any expected architectural transforma-
tion on users, relative to the setting's changing criteria,
quality and goals.

In this paper, a comprehensive method of using scenarios
to support the analysis, evaluation, and processing of
architectural design is presented and discussed. The itera-
tive SBD method is used for eliciting scenarios, mapping
them onto architectures, and building analytic models of
their potential impacts. The method is illustrated by an
example of a pilot project from an academic design studio
setting.
2.1. What are scenarios?

The configurations of long-lived systems such as buildings
are not static. They change over the building lifetime in
response to changing circumstances, user needs, mainte-
nance cycles and available technologies. The modifications
under which a building undergoes are preferred to be
minimal and easy to implement to meet their performance
goals. The analysis of possible future modifications can
provide the rationale for determining which design options
to pursue and which to discard. As such, scenarios represent
sequential representations that can help fill the gaps in the
analysis of how buildings function, grow, change, and
motivate interactions of users with them during their
lifecycles.

A scenario is a broad and dynamic description of a user's
interaction with a system, rather than a static shot of the
system's life. It paints a slice of a bigger picture that is
scoped for a specific setting and bounded for a particular
timeframe and goal. It usually tells a story about the system
in action. In most applications, the SBD method starts with
telling stories. In fact, according to Carroll (1999), scenarios
are defined as stories about people and their activities that
are used by designers as a visualization technique to
translate input knowledge into functional and operational
output configurations.
2.2. The scenario structure

As mentioned above, a scenario, in most literature exam-
ples, is tied to narratives where a story is told. In this
context, a story has a structure the main components of
which include (Carroll, 1999):
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1. Settings. Each setting explicitly describes a starting state
of the scene with the description of objects involved in
the situation.

2. Actors. Characters or persona who are actively involved
in the scenario.

3. Agent's goals. These describe the changes that the agent
wishes to achieve from the involvement in the circum-
stances of the predicted scenario.

4. Scenario's goal. This component answers the question of
why the scenario is happening.

5. Plot. It describes the sequences of events and activities
as ordered chronologically and as performed by the
actors.

6. Timeframe. This element explains how the scene is
scoped or bounded by a duration, and a start and an
end point of each station throughout the sequence of
the story.

Scenarios individually and collectively consist of the same
components. They are also tied together to work according
to a plot within a particular sequence and a specific
timeframe.
2.3. Types of scenarios

Scenarios vary according to their objectives, contexts,
configurations and actor participation. Accordingly,
there are several types of scenarios based on their
focus. The types include (according to Rosson and Carroll,
2002):

1. Problem scenario. It describes a current problem and its
associated situation features that describe what users
can do within a given setting. It also provides pros, cons,
and trade-offs of the current setting.

2. Activity scenario. This type proposes transformations
from the current setting into a new configuration.

3. Information scenario. It provides information about how
users perceive, interpret and make sense of the contents
of their current situations.

4. Interaction scenario. It focuses on the physical actions
and interactions of users as a response of using a system
within their direct and indirect environments.

5. Usability scenario. It focuses on the functionality of the
product at hand when used by expected end users.

In addition to this classification, scenario types can be
categorized based on their motivation and goals into three
types. These are the Normative, Predictive, and Explorative
(Börjeson et al., 2006).

1. In the normative scenario, the process starts with well-
defined targets, and aspires to distinguish preferred
targets or sustain them.

2. While the normative scenario is target-driven, the pre-
dictive is data-driven, and is designed to depict a future
situation or performance.

3. In the explorative type, the process aims to discover
possible scenarios that may broadly identify what can
happen in a given situation.
Although some examples can be identified in urban planning
where scenarios are designed to analyze some future outcomes
of present decisions (e.g. Bartholomew, 2006; Hopkins and
Zapata, 2007; Shipley et al., 2004; Perveen et al., 2017), there
has been little systematic employment of scenarios to support
the analysis of buildings and their architectural performance
attributes. As the applications of dynamic and kinetic systems
in architecture are growing, the need for the incorporation of
scenarios and the SBD methodologies increases. In this context,
attributes such as the modifiability, portability, transformability,
and extensibility can be efficiently embedded in the scenario
design. The visualization and analysis of such attributes are not
easy in the conventional design methods. Therefore, the
significance for the introduction of new methods that can
incorporate flexibility and embrace the time and motion
dimensions is emphasized.

2.4. Key scenarios

Within the scope of architectural design, a scenario will be
defined as a dynamic slice of the future lifecycle of a
building which entails a description of settings, operations,
as well as users and their actions and interactions with their
internal and external environments. Since changes that any
system may be subject to are continuous, it suffices to focus
on the major changes only. In other words, it is sufficient to
identify the key scenarios that will help make decisions
about the primary architectural configurations and compo-
sitions. The goal of these scenarios is to achieve a balance
between the user, client, stakeholders, community, and
building goals.

Key scenarios are those that are considered the most
important scenarios which signify the major stations for the
transformation from one stage into another in the building
operation. A key scenario can be defined as any scenario
that meets one or more of the following criteria, where it:

� Represents an important issue of the design, such as an
unfamiliar case, an emergency state, or an area of
potential significant risk.

� Refers to a frequent setting of the building's usage.
� Represents the intersection of quality attributes with

functionality.
� Facilitates a tradeoff between major performance

indicators.
� Transforms one setting into another as a response to user

needs or function requirements.
� Changes the spatial organization or formal configuration

of a building.

2.5. Significance of scenarios in design

The use of scenarios to inform and guide the design knowledge
building and its associated analysis and development activities
can help understand the ways in which a product or a system
meets its operational requirements (Kurakawa, 2004). Several
benefits of the scenario-based design methodologies are enum-
erated in the design literature where scenarios:

� Provide vivid descriptions of end-user experiences in a
way that evokes reflections about design issues that
remain otherwise ignored (Carroll, 1999).
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� Realistically help propose solutions and demonstrate
interpretations that remain open-ended and easily
revised (Carroll, 1999).

� Can be articulated from many perspectives, for many
purposes and at multiple levels (Carroll, 1999).

� Can be abstracted and classified (Carroll, 1999).
� Support participation of stakeholders to generate appro-

priate design outcomes (Carroll, 1999).
� Help assess the impacts of various variables on

design during the different stages of the product
evolution.

� Help focus on the run-time behavior of users (De Bonte
and Fletcher, 2014).

� Encompass multiple patterns of interactions with the
product.

� Can be used to operationalize requirements to under-
stand their mapping onto the product settings (Carroll,
1995).

� Inform risk assessment and management studies (e.g. Del
Prete et al., 2016).

� Are used for brainstorming the multiple product utiliza-
tions, which frequently result in the creation of new
alternatives.

� Have many other applications beyond requirement inter-
pretation and validation, such as aiding clients and users
understand the product (McGraw and Harbison, 1997).

� Help capture changes to the various product states
and uses.

� Can be used to illustrate and realize specific aspects of
the product characteristics.

� Encourage teamwork design, where each member can
portray the scenarios from his/her perspective (Darses
et al., 2004).

� Help to pull the designer back into the user's perspective,
and to shift the focus from form into human factors in
design (De Bonte and Fletcher, 2014).

� Keep the designer focused on the operation, performance
and functionality of the product rather than the typical
aesthetic and formalistic criteria (Jutras and Meacham,
2016).

� Help the designer to grasp the holistic situation as well as
the details.

� Highlight requirements which may be overlooked at the
earlier stages of the design process.

� Facilitate the discovery of new requirements that may
emerge and appear during the scenario articulation
process.

� Provide a shared reference point, and a common ground
for many stakeholders and design team members.
Fig. 1 Story-architecture analogy.
To help achieve many of the goals embedded in the
afore-mentioned significance aspects, the impact of the
scenarios on the architectural design needs to be
explored and understood at the early stages of the design
processing. In addition, it is necessary to trace the connec-
tions between scenarios and the analytic models of the
architectural design to assure that the various scenario
structures are appropriately flexible with respect to an
anticipated set of operations and to a prescribed set
of goals.

3. Scenario-based design method in
architectural design

Authoring a story and designing a building have many
aspects in common. Mapping of the elements of both is
illustrated in Fig. 1. As Fig. 1 shows, both include setting of
a stage, actors or users, goals of each scene, a plot or
sequence of events, and a timeframe for the start, duration
and end of each scenario. Based on this analogy, a model for
the SBD method structure is introduced. The elements of
this structure are illustrated in Fig. 2. They consist of four
categories. Two of them represent the input phase of the
design process, whereas the remaining two represent the
output. Elements of the input class are divided into two
sets, that is, the internal settings and the external condi-
tions. The former includes the users -their number, and
their physical, psychological and social needs- and the
events that may affect the internal settings of the building
at hand.

The latter, in turn, is divided into two sets of variables.
These include the climatic conditions, and the environment
surrounding the building, which includes the neighbors,
surrounding buildings and urban context. Consideration of
the input variables should be reflected on the output results
as they appear in the internal layout of the building and its
spatial organization and, consequently, its external appear-
ance. The components of this method are illustrated in
Fig. 2 where they move vertically from the controllable
attributes to the uncontrollable ones along the Y-axis.
Notably, the term “controllable” here means variables that
are under the control of a designer during the designing
process. As such, a designer receives input data without a
control on their contents, but s/he has a control over the
output design. The SBD method components are also
arranged to move from left to right from the internal to
the external variables along the X-axis.

3.1. The scenario-based process

The SBD process starts with applying the analysis matrix to a
design problem to explore the various scenarios and inter-
pret them. Once the views and scenarios have been elicited,
the scenarios need to be mapped onto the other design
considerations. This is followed by the translation of
scenarios into design output elements (such as plans and
three-dimensional compositions). The prototype generated
by the previous steps is then evaluated using the evaluation
matrix, which will be discussed in the following section. The
process of the SBD implementation is illustrated in Fig. 3. As
may be noticed in Fig. 3, the first four rows of the SBD



Fig. 2 Scenario-based design method for architectural design.

Fig. 3 The scenario-based process.
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process share the same components of the scenario
structure.

Notably, the structures and representations of various
scenarios may intersect and interact. Consequently, opti-
mizing one quality may come at the expense of another.
Hence, for example, maximizing a view exposure area
typically comes at the expense of the thermal performance.
Similarly, increasing flexibility and modifiability frequently
comes at the expense of cost-effectiveness, and increasing
stability typically reduces a system's interoperability. During
the evaluation stage, conflicts of the various criteria
compliance requirements should be resolved based on goal
prioritization. In addition, a plan for the transition of a key
scenario into another should be detailed. In the transforma-
tional mapping context, a designer must perturb an existing
scenario configuration to meet new functional and quality
requirements, while not negatively impacting requirements
that do not need to be changed.
3.2. The scenario analysis matrix

For any building, there are multiple users, each of whom
might have several scenarios of actions, interactions and
reactions. Users would rightly like to be reassured that the
building they are using satisfies all of their needs throughout
their living experience in it. Many of the expected scenarios
will have implications of multiple qualities of their pre-
dicted performance. These include indicators such as main-
tainability, flexibility, security and modifiability.

The scenarios, and the mechanisms used to satisfy their
associated requirements, define another set of analytic
models and systems (Brown, 1968). These will be formu-
lated as an analytical matrix in this section. The matrix
consists of multiple key scenarios. For each scenario, the
main actors are the expected building users, for each of
whom the elements of the scenario consist of internal and
external attributes. Within the internal components, two
categories can be identified, that is, the user needs and the
various event settings. User needs include their physical,
psychological and social interaction requirements for each
stage of their residency in, or frequent use of the building.
The scenario events can vary in their frequency from daily
events to annual ones. The external variables are those
related to the climate conditions in the building location,
and to the urban and social communities surrounding the
Fig. 4 The scenario
designated building. The key stations in the lifetime of
the building at hand need to be specified and analyzed. The
data collected for each scenario is then analyzed and
extrapolated to other stations to explore how to transform
the status of one scenario into the next smoothly. The
scenario analysis matrix is illustrated in Fig. 4. In the
leftmost column, all potential users or even influential
stakeholders can be listed. In the uppermost row of each
scenario, all significant variables or design attributes can be
enumerated.

3.3. Mapping scenarios

Mapping scenarios onto architectural articulation elements
-components, connections and interfaces- that may affect
the final design represents an important stage of the SBD
method processing.

The application of the analysis matrix is followed by
mapping the scenarios into design output components. Upon
the mapping of design requirements to detailed descriptions of
building layout and spatial organization, an architectural
solution starts to emerge. The next step of mapping is to
articulate the transformation from one key scenario into the
next. This requires the design of the plot and sequence of the
articulated scenarios. The transition from one setting into
another should be as minimal, smooth, seamless, easy and fast
as possible. This mapping, then, catalyzes a set of evaluations
regarding the impact of the proposed set of transformations
on the generated design alternatives. The impacts can be
investigated, and their interactions can be assessed in the
evaluation matrix which is described in the subsequent
section.

The matrix mapping enables designers to consider each
scenario from each user's perspective and based on the
criteria of each quality of interest.

3.4. Scenario evaluation matrix

During the SBD processing, it is necessary to review the key
scenario structures. The main focus of the scenario-based
evaluation phase is on the scenarios that are most important
from the user's perspective, and on those which have the
greatest impact on the architectural output. If the designer
has an access to the end users, s/he can discuss the various
potential scenarios with them and update the design
analysis matrix.
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proposal based on their reflections and feedback. Other-
wise, the designer should play various roles, in each of
which s/he reviews the various scenarios from the perspec-
tive of a particular potential end user. The following
evaluation methodologies are adapted from various engi-
neering disciplines (e.g. Bass et al., 2012; Clements et al.,
2001). They include:

� Adaptability review method, which is designed for asses-
sing the kinetic aspects including flexibility, portability,
scalability, integrability, and transformability.

� Tradeoff evaluation method. This helps review the archi-
tectural attributes with respect to the quality require-
ments, and whether the design components can be
exchanged to satisfy particular quality goals. It also
evaluates the possible tradeoffs between the proposed
architectural alternatives.

� Active design review, which is best suited for incomplete
or in-progress designs. The review here is more focused
on a particular set of issues or features of the design at a
given time, rather than performing a general review of
the whole product.

� Cost benefit assessment method, which focuses on ana-
lyzing the costs, benefits, and schedule implications of
architectural design management plans and decisions.

� Architecture modifiability analysis. It evaluates the mod-
ifiability of the architectural design to fit the various
circumstances. This is a subset of the first type.

� Architecture extensibility assessment method. It evalu-
ates the extensibility and interoperability of the archi-
tectural components and their potential zoning and
clustering configurations. This also represents a subset
of the first type.

� System performance. It assesses building engineering
systems in operation to test their performance (e.g.
Liew, 2003).

The scenario evaluation matrix proposed in this paper
includes all these methods. It is illustrated in Fig. 5. For
each key scenario, the design that accommodates each of
the requirements and users is evaluated according to the
adaptability criteria listed in Table 1. The evaluation
Fig. 5 The scenario e
aspects (rows) and criteria (columns) can be extended and
updated according to each design problem's requirements.
The evaluation aspects include the physical attributes such
as the anthropometrics and ergonomics of the furniture
pieces and the internal space delimiters (Eilouti, 2007b,
2009a), and the exterior envelop components. They also
include systems of psychological impacts such as the color
scheme and the visual and lighting flow.

All evaluation criteria can help assess each scenario and
employ exchange of scenarios for assessing their qualities
according to the prescribed assessment goals. Scenarios are
defined, classified and prioritized by the designer or users
(if applicable). In addition, the potential risks, costs, trade-
offs and implications are identified and evaluated in terms
of their impacts on the users, event settings, community
interactions, and responses to climatic changes (Fig. 6).
4. The metamorphic house design project

To test the applicability of the SBD method presented in the
previous section, it was applied in a design studio in
the Department of Architecture in Jordan University of
Science and Technology (JUST) for third year junior under-
graduate students. The design problem used to test the
proposed method addresses emergent issues such as respon-
sive, interactive, kinetic, dynamic and growing architecture,
which are relatively new areas of focus in the architectural
design education (Eilouti, 2009a). The skills needed to
generate kinetic designs must be enhanced by high imagina-
tion, creativity and technical knowledge as well as by tools to
communicate morphing shapes and their animated transfor-
mations (Eilouti, 2007b, 2010). This domain poses challenging
design problems and puzzling settings which can motivate
students to innovate new solutions. Conventional approaches
and methods did not present the right choice to tackle this
problem (Eilouti, 2009b, 2009c).

A four-week pilot project that addresses concepts of the
metamorphic architecture was devised to eighteen junior
students. The students were asked to work in groups of
three, under the same working conditions and timeframe
and to the same program and design requirements. One of
valuation matrix.



Ta
bl
e
1

A
n
ex

am
pl
e
of

a
sc
en

ar
io

sy
nt
he

si
s.

In
te
rn
al

Ex
te
rn
al

N
ee

ds
Ev

en
ts

C
lim

at
e

C
om

m
un

it
y

Ph
ys
ic
al

Ps
yc
ho

lo
gi
ca

l
So

ci
al

D
ai
ly

W
ee

kl
y

M
on

th
ly

A
nn

ua
l

Su
n

H
ea

t
Pr
ec

ip
it
at
io
n

W
in
d

Pe
op

le
Bu

ild
in
gs

Sp
ac

es
Sy
st
em

s
In
te
ri
or

de
si
gn

Vi
ew

Pu
bl
ic

Sp
ac

es
M
ul
ti
-P
ur
po

se
Fu

rn
it
ur
e

Sh
ad

in
g

D
ev

ic
es

En
ve

lo
pe

Ro
of

Fa
ça

de
D
es
ig
n

O
ut
do

or
Sp

ac
es

La
nd

sc
ap

e

M
od

ifi
ab

ili
ty

9
3

8
7

Ex
te
ns
ib
ili
ty

5
5

5
5

Po
rt
ab

ili
ty

4
4

4
4

Sc
al
ab

ili
ty

7
7

7
7

Tr
an

sf
or
m
ab

ili
ty

9
9

9
9

Tr
ad

e-
of
f

2
2

2
2

C
os
t
Ef
fe
ct
iv
en

es
s

6
5

1
8

Fig. 6 Scenario evaluation criteria and factors.

Fig. 7 An example of SBD project 3d and plan.
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the main objectives of the project was to introduce
students to the idea of working through unfamiliar design
scenarios and technical problems in collaborative teams.
The design problem situation each group faces is intricate
and reflective of real life settings.

The main goal of the project is to design a house that
continues to change in size, form and internal configuration to
accommodate the changing conditions of the family that resides
in it. The students were supposed to follow the life of a family
which is assumed to start as a young couple, extends with time
to a large family of three boys and three girls in addition to
the grandparents who move in to live with them. As a
subsequence to the growth cycle, the family experiences a
shrinkage cycle, where its size gradually decreases when some
members move out for education or marriage, or when the
elderly grandparents die. The family ends up with an elderly
couple with limited physical capabilities and more sensitive
psychological needs. In all growth phases, the house is supposed
to respond in function, size, shape, spatial organization,
settings and accommodations with adjustable structures that
are easy to modify, assemble and dissemble. Solutions should
consider issues such as dynamic structural systems, flexible
multi-functional furniture with multi-use settings, and dynamic
supportive environmental control systems. An example of the
application of this project is illustrated in Fig. 7. In addition to
its response to the changing internal requirements, the house is
supposed to adapt to the changing external environmental
conditions. These include the climatic changes from the daily
level to the seasonal major changes. They also include changes
in the neighborhood, such as the addition of new high buildings



Table 2 A sample of possible key scenarios.

NO. Scene Actors Event Setting

1 Young Couple 2 Members New Family.
Husband
Wife

2 Family
growth

3 Members Birth of first child.
Husband
Wife
Baby boy

3 Family
extension

4 Members A grandmother moved in.
Husband
Wife
Baby boy
Grandmother

4 Family
growth and
extension

7 Members Birth of a new baby girl,
addition of a grandfather
and a grandmother, and hir-
ing a nanny.

Husband
Wife
Baby boy
Baby girl
Grandmother
Grandfather
Babysitter

5 Family
growth and
extension

8 Members Birth of a new baby boy.
Husband
Wife
2 Baby boys
Baby girl
Grandmother
Grandfather
Babysitter

B.
Eilouti
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6 Family
growth and
extension

9 Members Birth of a new baby girl.
Husband
Wife
2 Baby boys
2 Baby girls
Grandmother
Grandfather
Babysitter

7 Family
growth and
extension

10 Members A new grandmother moved
in.Husband

Wife The babysitter is replaced
with a housekeeper.2 Boys

2 Girls
2 Grandmothers
Grandfather
Housekeeper

8 Family
growth and
extension

11 Members A new grandfather moved in.
Husband
Wife
2 Boys
2 Girls
2 Grandmothers
2 Grandfathers
Housekeeper

9 Family
shrinkage

8 Members One young man and one
young woman moved out for
college studies.

Husband

Wife A grandfather died.
1 Young man
1 Young woman
2 Grandmother
1 Grandfather
Housekeeper

10 Family
shrinkage

7 Members A grandmother died.
Old couple A nurse is hired instead of

the housekeeper.1 Young man
1 Young woman
1 Grandmother
1 grandmother
Nurse
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next to the house, or a change of typology of a nearby building
such as a transformation of a residential building into a school.

4.1. Key scenarios

The first key scenario consists of two actors, that is, the
young newly-married couple. Their spatial and furniture
needs are minimal. The external envelope is adaptable to
the sun and wind orientation. For each major event in the
couple's life, a new key scenario needs to be articulated.
For example, the next scene configuration should be
catalyzed by the event of the birth of the first baby, where
an addition of a new room is needed. A sample of possible
key scenarios is illustrated in Table 2. The table lists the
main key scenario components and the architectural design
response to that scene. The project is developed within a
digital studio environment where graphic representations
were animated using 3D-Max software. The project repre-
sentations included sketches, drawings, animated videos
and physical adjustable models (drawings of student Sahar
Rabadhi).

The internal layout also responds to the updates in the
family life. Some of the furniture pieces were designed to
have multiple uses. An example of this is illustrated in Fig. 8.

4.2. Project reflection

Mostly, while the tasks required by the pre-design research
steps were conducted in teams, the remaining processing
and evaluation steps were conducted individually. The team
members helped in the research stage by role playing of
various users of the future house. The evaluation included
the criteria illustrated in Fig. 9.

During and after this project, high levels of excitement,
enthusiasm, and involvement by the students were
observed. The unstructured feedback and jury observations
were positive and supportive of this experiment. Transfor-
mations from a scenario to the next were further illustrated
by physical models that helped the students visualize and
explain their kinetic solutions of building adaptations. The
complaints of this experiment were focused on its time-
consuming factors. The observations made by the jury
members were positive, with concerns about the high cost
of the adaptable solutions that were proposed by the
students.

The framework introduced in this paper, which consists of
analytic, evaluative and synthetic models, proved to help
students explore new dimensions of architectural design and
shift the typical focus on form into a new performance-driven
one. In addition, it helped produce new concepts that are
user-based and event-based (Eilouti, 2018a, 2018b).

5. Conclusion

The main target of architectural design is users. As such,
buildings are mainly designed functionally for residents,
aesthetically for viewers, and contextually for community.
Human life is not static and ever changing as a response to
the internal and external changes in the built environment
and its urban and natural contexts. Consequently, architec-
ture should be approached dynamically with considerations



Fig. 8 Metamorphic multi-use furniture design.

Fig. 9 The evaluation criteria.
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of the predicted modifications throughout the lifespan of
the designated buildings. As a methodology that responds
dynamically to the contextual variations, a scenario-based
design method is introduced and discussed in this paper. The
method is based on a cross-disciplinary extrapolation of
other engineering disciplines. Within this method, models
for the SBD method structure, process, analysis and evalua-
tion are introduced and discussed. They consist of a
structure diagram, an analytical matrix, a processing
framework, and an evaluation matrix. These four major
components encompass a cohesive structure that is based
on key scenarios. Each scenario describes a snapshot that
represents a setting in the life of the building, and consists
of actors, events, settings and goals.

To demonstrate the applicability of the scenario-based
design method, it was applied as a project in a digital
design studio in an architectural higher education
context. An example of the output of this studio is
illustrated. The experiment catalyzed new insights and
new visions of design thinking. It also witnessed new
levels of involvement and excitement in the participant
students. As the studio maximized the application of
computer aids, the results demonstrate that the combina-
tion of scenario-based design and computer aids can
enhance creativity and innovation. The design products
that were produced in this project were unique and
unfamiliar when compared with other previous or concur-
rent studios in the same college.

A future extension of this research is the automation of
some of the steps of its process (e.g. Eilouti, 2007a, 2009a,
2012, 2015), such as the mapping of scenarios to architec-
tural representations. For example, if a description of an
addition of a new room is found, a new space is added to the
floor plan and to the spatial massing of the correspondent



B. Eilouti542
building. The structure of scenarios as slices of a big picture
qualifies them to function as candidates for teamwork
design collaboration, where each member can follow up
an actor from the beginning of the narrative until the
conclusion, following a suggested plot. This teamwork
implementation represents another extension of this
research. Similarly, each member in a team may portray a
specific scenario and set a design configuration for it. Then,
the whole team can discuss the transformation options that
lead to the finalized product design.
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