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Abstract
The economic, technological, and cultural transformations of our present society influence
various scales of our daily lives. In housing, these transformations include changes in the family
nucleus and the activities performed in living spaces. Housing flexibility seeks to meet the
multiple needs of users by changing their living spaces and functions. This study aims to explore
housing flexibility through a review of relevant literature, discussion of valuable findings, and
presentation of a contemporary panorama of the theme. Notions of flexibility are integrated to
reinterpret the contemporary sense of dwelling. However, the lack of a well-defined concept of
flexibility hinders the integration of methods and theories on the subject.
& 2017 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/).
1. Introduction

As populations concentrate in cities and exhaust available
land, housing flexibility becomes a significant feature in the
transformations of our daily lives. Associated with different
typologies, housing flexibility offers the possibility of spatial
or structural modification of buildings to meet user require-
ments by accommodating technological, cultural, and eco-
nomic changes that occur over time. Housing flexibility is
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based on extending construction lifespan (avoiding obsoles-
cence) and sustainable consumption that conforms to
recycling and waste management. Therefore, flexibility
allows buildings to be useful for a long period by means of
adaptations that guarantee continual utilization.

Examples of space flexibility are found throughout his-
tory; these include prehistoric tents, prefabricated catalog
houses, and universal exhibition buildings (Clark, 1986;
Wadel, 2009). In the 20th century, flexibility gained notori-
ety during the Modernist movement and resulted in the
lively discussion of the “living machine” concept. Flexibility
was an important resource for mass social housing, which
sheltered the abundant working masses and their families
(Leupen, 2004).
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Toward the end of the 20th century, in a time of rapid
changes in dwelling culture and customs, the improvement
of construction materials allowed a growing number of
residents to purchase unfinished spaces with no partitions
and participate in the configuration of their own homes
(Friedman and Krawitz, 1998). Presently, flexibility is essen-
tial for adjustment in a mutating society in a century of
enormous technological range. Flexibility strategies are
combined to embrace daily activities and operate numerous
procedures in accordance with habitat activities.

This study aims to investigate housing flexibility by
reviewing relevant peer-reviewed papers published in the
21st century in international journals. The hypothesis is to
analyze the contribution of flexibility to the development of
a consistent perception of contemporary housing flexibility,
which includes design, spatial organization, and the con-
struction industry.

We began by reviewing housing flexibility concepts to
establish the research object and structure the methodology
clearly. Afterward, we surveyed studies on housing flexibility
by using English digital editions of journals. This analysis of
publication content led us to determine five categories after
organizing the sub-topics of each publication.

The rest of this paper is organized as follows. Section 2
presents and defines housing flexibility. Section 3 introduces
the surveyed studies, which are divided into five categories.
Section 4 discusses the valuable findings, and Section 5
provides the conclusions.
2. Living space flexibility

Flexibility was widely discussed in the 1950s. Since then, its
concepts and applications have been constantly renewed.
Therefore, summarizing its definitions is essential. Flexibility
can be considered the capability of a space to provide distinct
choices, configurations, and customizations (Groak, 1992;
Rabeneck et al., 1973); the generic purpose of an environ-
ment, where furniture and movable partitions symbolize its
conversion (Venturi, 1977); the polyvalence of a space playing
different functions without a change in the form itself, thus
producing an optimal solution (Hertzberger, 1991); or the skill
of creating margins where alternative interpretations can be
implemented (Koolhaas and Mau, 1995).

Flexibility can be found in living spaces, offices, sports
centers, and elderly/disability care centers (Cellucci and Di
Sivo, 2015; Remøy and Voordt, 2014). Living spaces and
elderly care centers have been emphasized in literature,
indicating their scientific relevance. Housing flexibility, the
field selected for this review, integrates contrasting
Table 1 Design strategies.
Source: Slaughter (2001).

Design Strategies

Reduce inter-system interactions
Reduce intra-system interactions
Use interchangeable system components
Increase layout predictability
Improve physical access
variables, such as structure and construction techniques,
furniture, partitions, materials, and dynamics among rooms
(Abdulpader et al., 2014; Živković and Jovanović, 2012).
Flexibility exists in the details and at a large scale by
combining procedures that vary the level of use.

This investigation reveals the singularities raised by each
of the reviewed papers by collecting information pertinent
to the proposed scenario. The research focuses on housing
typology because frequent refurbishments exist in housing
typology to accommodate technological, cultural, and eco-
nomic changes (Dhar et al., 2013).

3. Research context

We compiled the main perspectives of the reviewed papers
to comprehend their context. The aim was to provide an
organizational structure focused on the analysis and discus-
sion of issues. Considering the sectional division of the
papers, we noticed that they dealt mostly with strategy
application and construction techniques and were substan-
tiated by the conceptual ideas of architects and projects,
thus establishing a diversified universe conducive to the
exploration of the scenarios surrounding the investigated
theme.

3.1. Economic and budgetary aspects

By evaluating the influence of flexibility on building costs,
the dissemination of its benefits can be reinforced, and the
recycling of existent structures can be stimulated. Further-
more, optimization of available space is crucial in large
cities, which become increasingly compacted and vertical.
Regarding the construction of facilities, Slaughter (2001)
argued that building equipment is not designed to accom-
modate changes over time, implying demolition costs (for
the installation of new equipment) and waste of materials.
She assumed that facilities experience changes in function
(upgrading existing functions and incorporating new ones),
capacity (changing loads/conditions and volume), and flow
(changing the flow of the environment and people/things).
In addition, interactions among facilities affect the versa-
tility of components.

On the basis of these facility changes and interactions,
Slaughter (2001) analyzed 48 projects in the United States
by considering structures, exterior enclosure, services, and
interior finish. The survey revealed that buildings require
more renovations in their systems than previously assumed,
especially when they are transformed to accommodate new
purposes. Even if structures are independent and maintain
Dedicate specific area/volume for system zone
Enhance system access proximity
Improve flow
Phase system installation
Simplify partial/phased demolition



Figure 1 Flexibility factors/decision makers.
Source: Israelsson and Hansson (2009).

Figure 2 Reasons for layout adaptations.
Source: Dhar et al. (2013).
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their function, changes may occur in volume and perfor-
mance. Receiving new functions demands a change in
systems, components, and processes.

To avoid such situations, Slaughter (2001) presented the
most adopted design strategies to ensure flexibility and
organized them into 10 clusters (Table 1). These strategies
can be easily incorporated into the design of living spaces
because they focus on the independence of elements, easy
access, and concentration of technical areas. According to
the paper, the anticipated planning of flexibility in buildings
slightly affects the initial cost but generates savings upon
the first renovation, bringing an ultimate investment return.
Although they increase construction time, the strategies
shorten the renewal time and facilitate maintenance
access.

Israelsson and Hansson (2009) examined the decision-
maker perspective on flexibility. Similar to Slaughter (2001),
they reiterated that building transformations are not con-
sidered because they affect facilities that are not pro-
grammed to receive upgrades. To analyze the decision-
making process and qualify the type of flexibility provided,
Israelsson and Hansson (2009) conducted a questionnaire
survey on 52 Swedish real estate and construction compa-
nies. The flexibility factors and decision makers are identi-
fied in Figure 1.

The two factors that affect space flexibility the most are
awareness and finances. The correlation between the two
factors is remarkable because lack of awareness on flex-
ibility advantages leads to the misuse of financial resources.
Interestingly, clients, users, architects, and owners have an
equivalent weight in decision making.

On the basis of the findings from the questionnaire
survey, flexibility factors were divided into hard (with a
direct effect on flexibility level) and soft (with no direct
effect) aspects. Awareness, finance, and future planning
were classified as soft aspects. Installations, production,
and material standards were classified as hard aspects.

Israelsson and Hansson (2009) demonstrated that
although all flexibility factors are important, several
aspects have a greater value than others in housing design.
Ideally, all aspects are included in projects. However, the
percentages in Figure 1 indicate the most relevant aspect in
a proposal: enabling variable combinations. Human factors,
such as personality, relationships, and individual interests,
are additional determining conditions and involve decision
makers and residents.
3.2. Case studies

The concepts involving building and housing flexibility
question the benefits of specific design principles. Perform-
ing case studies allows us to visualize the practices and
theoretical intentions in space flexibility by scanning key
functions for a coherent result.

Dhar et al. (2013) evaluated the adaptations made to the
original layout of Khulna housing in Bangladesh and empha-
sized that flexibility should be appreciated in developing
countries because it enhances building lifespan and reduces
the need for demolition. They surveyed 15 households
composed of 12 multifamily and 3 single-family dwellings.
In addition, they interviewed architects experienced in
renovating residential buildings. Their theoretical frame-
work included the support/infill and zone/margin theories
of Habraken et al. (1981) and Hertzberger's theories on
polyvalence.



Figure 3 Suggestions for flexible design.
Source: Dhar et al. (2013).

Figure 4 Casa de Las Flores block and several apartments from the survey.
Source: Milla et al. (2003) and Montellano (2015).
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The survey indicated that middle- and lower-middle-
income homeowners change houses more frequently than
high-income homeowners do; they change every 5–10 years
rather than every 20 years. The most common adaptations are
made according to the rental market, transformations in
lifestyle and family structure, and technological upgrade.
The main reasons for layout changes are outlined in Figure 2.

The highest percentages are linked to the variation in the
number of people (e.g., changes in family structure or to
accommodate extra individuals) and in function (whether
business or otherwise was not clarified in the research). The
most frequent adaptations are found in generic and service
spaces, including bathroom and kitchen.

Given this information and architect interviews, Dhar
et al. (2013) proposed several suggestions for flexible design
(Figure 3). The α zone, which is the internal area (private
use) adjacent to the external wall, should be four meters in
length. The β zone, the internal area (private use) not
adjacent to the external wall, is where the stairs should be
located. Space I is a space for private actions (bedroom,
kitchen, and study/work). Space II is a space for different
activities (sitting, eating, and washing), and Space III is for
specific activities (storage room, washroom, and kitchen
without a dining facility).

Dhar et al. (2013) recommended using a flat roof so that
beams would not interfere with rooms. However, a sloped
roof is acceptable only in spaces with specific activities
(storage rooms, washrooms). On the ground floor, additional
functions (e.g., parking or commerce) should be considered.
Regarding infrastructures, plumbing must allow easy access
for its maintenance, and electrical wiring should not be
located within partition walls.

In a different context, Montellano (2015) presented a
study of Casa de Las Flores, which was built in 1931 by
Secundino Zuazo in Madrid. The aim was to understand the
concept and relevance of indeterminate spaces. He studied
18 of the 28 apartments in Casa de Las Flores (Figure 4).
Throughout time, he found 12 different models of domestic
organization and 21 apartment configurations, including
previous configurations and adaptations in progress.

Montellano (2015) explained that these configurations
represent changes in the family structure, domestic trends,
and professional demands of the inhabitants. All rooms in
the apartments were once used as living rooms, which
demonstrated the high versatility of the apartments. Versa-
tility was also noted in the apartments adapted for com-
mercial purposes, mostly for liberal professions.

Changes in use were observed in 14 of the 18 apartments,
and junctions or separations of rooms were found in 15
apartments. In summary, the paper exemplified the oppor-
tunities created by indeterminate spaces. Montellano (2015)
concluded that the disadvantage of Casa de Las Flores is the



Figure 5 Vroesenlaan apartment blocks.
Source: Raviz et al. (2015).

Figure 6 Bergpolder apartment building.
Source: Raviz et al. (2015).
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impossibility of transversal connection between rooms
because a load-bearing wall that cannot be modified exists.

Raviz et al. (2015) established guidelines for flexible
housing design on the basis of two case studies on Dutch
housing. The first case study was the Vroesenlaan apartment
block (Figure 5) designed by van den Broek in Rotterdam
(1935). The floor plan is systematized according to a day/
night cycle and corresponds to resident activities. The
apartments in the block have four rooms and an area of
72 m2, and they are modified through sliding doors and beds
built into cabinets.

The second case study was the Bergpolder apartment
building (Figure 6) designed by Willem van Tijen in Rotter-
dam (1934). The block has 72 flats and an area of 50 m2 and
is comfortable despite its small dimensions. The floor plan
of the Bergpolder apartment building is also systematized
according to a day/night cycle. Raviz et al. (2015) remarked
that the day/night cycle expands options and releases
movement because of space autonomy and dynamics. Both
cases included a multifunctional room with indirect access
that allowed for different uses.

Raviz et al. (2015) affirmed that the kitchen and bath-
room in Vroesenlaan and Bergpolder apartments are con-
sidered static spaces, and the living/dining room and single
bedroom are considered multifunctional spaces according to
a hierarchy of user requirements. The apartments
incorporate various activities by varying connections with-
out geometrical changes and by using sliding doors, walls,
and other flexible elements. Thus, both cases symbolize
how flexibility can provide alternatives in layout
composition.
3.3. Flexibility strategies

An investigation of the utility/restriction of flexibility
strategies results in adequate implementation and stimu-
lates a reflection on the qualified forms for achieving a goal.

Schneider and Till, (2005b) evaluated flexibility used in
20th century projects by comparing determinate versus
indeterminate design. According to them, the type of
construction (reduction of loads and solid partitions), the
technology adopted (reduction of non-accessible or non-
adaptive services), and the use of space (elimination of
modernist functionalism and rooms with single use) must be
critically considered.

Table 2 describes several generic principles regarding the
typical London Terraced House and Speculative Commercial
Offices. These principles provide a background for a specific
categorization proposed by Schneider and Till, (2005b),
namely, soft/hard use and soft/hard technologies, by facil-
itating the design of flexible constructions and aiding in its
employment.

Soft use occurs when the user is the key agent in the
transformation of a room. Among the examples listed in the
paper are the Britz Project in Berlin (1931) by Taut and
Wagner, where rooms have similar sizes and the service area
is concentrated, and the model housing at the Weissenhof-
siedlung in Stuttgart (1927) by Mies van Der Rohe, where the
layout is delimited by structural columns. Hard use occurs
when the designer is the key agent who suggests how spaces
will be used over time. Examples include the Maison
Loucheur (1929) by Le Corbusier that utilizes furniture and
partitions and the Schröder Huis (1924) by Rietveld.

Hard technologies are the innovations produced and
applied specifically for flexibility. This category includes
the concept proposed by Habraken (1972) and the concept
of open building. Soft technology appears when technology
does not prevail over flexibility. Examples include the
Genter Strasse scheme in Munich (1972) designed by Otto
Steidle, Doris Thut, and Ralph Thut, where the prefabri-
cated structure is adapted by the inhabitant, and the
Brandhöfchen scheme in Frankfurt (1995) designed by
Rüdiger Kramm.

Schneider and Till, (2005b) concluded that the best
option is to combine soft use and soft technology to
guarantee self-reliance and user participation in the
dynamics of the dwelling.

In a similar context, Cellucci and Di Sivo (2015) consid-
ered flexibility an excellent resource to overcome building
obsolescence because it meets constant mutations in
society and technology. They emphasized the strategies
that allow variety in edification, internal reconfiguration,
and intervention in technological systems.

Cellucci and Di Sivo divided the strategies into four trends
according to the functional uncertainty of the environment
(Table 3). “Spatial flexibility in a fixed surface area” is the
possibility of transforming an internal space without changing



Table 3 Trends and strategies of flexibility.
Source: Cellucci and Di Sivo (2015).

Trends Strategies

Spatial flexibility in a fixed surface area Redundancy access (two or more access points)
Customize privacy and social needs
Undefined environmental units
Use mobile equipment (equip walls, cabinets, or prefabri-
cated modular interior partitions)

Evolutionary spatial flexibility Increase the surface area within the existing support (clo-
sure of spaces that are already built)
Increase the surface of the Dwelling
Increase the internal surface area by the addition of living
units

Technological flexibility related to construction techniques Adjustment and adaptability of the building envelope
Use dried and stratified closures
Structural regularity and adaptability

Technological flexibility related to the easy maintenance of the
installations and building sub-systems

Integration of automated home systems
Redundancy and inspection of the equipment

Table 2 Generic flexibility principles.
Source: Schneider and Till 2005b.

Generic Principles

Space Increased capacity and free use of space as less specified.
Construction Structures allowing easy access for intervention and maintenance.
Design for adaptation Capability to predict future scenarios and room options.
Layers Structure, skin, services, internal partitions, and finishes.
Typical plan Generic space without specifications.
Services Location planning for future changes.
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its total volume, which requires technical zones and multi-
purpose spaces. “Evolutionary spatial flexibility” is the capa-
city of a space to expand and contract, thus enhancing its life
cycle. “Technological flexibility related to construction tech-
niques” involves the substitution of fixed components to
enable their modification and substitution. “Technological
flexibility related to the easy maintenance of the installations
and building sub-systems,” the previous trend, is the applica-
tion of components for easy maintenance.

Cellucci and Di Sivo (2015) also classified flexibility design
into four domains. The user domain evaluates functional
and psychological requirements, the functional domain
considers design characteristics, the physical domain com-
prises the spatial features that satisfy the functional
domain, and the procedural domain emphasizes the use of
local materials and professionals.

Živković et al. (2014) considered the application of
flexible elements in housing design. Flexible elements
include sliding, folding, and removable components and
flexible furniture. Beginning with the Traditional Japanese
House designed in the 1850s by the Kazuhiko and Kaoru
Obayashi architectural team, Živković et al. (2014)
described the capacity of a house to change as activities
are implemented. The variable composition of adjacent
enclosures allows the room areas to diversify according to
user demands and changes.
They discussed the Schroder house designed by architect
Rietveld and built in 1924. The floor plan can be easily
modified due to the lack of room hierarchy, and the upper
floor is an open space that can be divided. The paper
highlighted Le Corbusier as one of the architects who, in
the beginning of the 20th century, utilized factory production,
as shown in Maison Loucher (1928). The house can adjust its
settings by using movable walls, foldable beds, and furniture.

Živković et al. (2014) indicated that the right of users to
customize the layout of their homes gained prominence in
the 1960s, thus providing the background for Habraken
(1972). Support and infill theory, also known as the open
building design, is represented by the Neuwil residential
building designed by Metron Group Architects. The partition
disposition is on a modular grid of 30 cm, and the apartment
adapts according to usual modifications of the family group.
Compared with the multifunctional spaces of previous
projects, the open plan allows higher autonomy and inter-
pretation of rooms.

Živković et al. (2014) considered the flexible elements of
the interior home as part of a complex system, where
historical, social, and technological contexts are influenced
by collective and individual lifestyles. Flexibility has
emerged as a tool developed over time in conjunction with
different materials and structures and has been applied to
organize and rationalize space; in several cases, it is



Table 4 Aspects that influence flexibility.
Source: Živković and Jovanović (2012).

Aspects Definition

Orientation of housing unit One-sided, two-sided, or three-sided orientation regarding the facade of the
building

Geometry of plan Dispersed or compact form
Structure and size of the flat Relationship between the structure and size of the flat and family structure
Number and disposition of the entrance Central or peripheral
Position of technical services Grouped or individually placed, with the central or peripheral position
Building structure Massive or skeleton structure
Achieved degree of freedom of interior space Organization of interior space is conditioned by the position of fixed elements

of the plan
Potential for multifunctional use of space Capability to change the function of rooms without changing their spatial

dimensions
Changes in number and size of the rooms Space division is changeable
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associated with the concept of the home as a dwelling
machine. Users may opt to use the flexibility of their homes,
but this aspect will encourage the perception and expres-
sion of their own dwelling.
Figure 7 Layouts.
Source: Abdulpader et al. (2014).
3.4. Practical implementation and assessment
methods

Apart from investigating flexibility strategies, the papers in
this section present the methods of evaluation and proce-
dures for ideal implementation of these strategies. These
methodologies foster the acquisition of an adequate degree
of housing flexibility.

Živković and Jovanović (2012) decomposed flat projects
(the selected housing unit) into modifiable and unmodifiable
parts by realizing the influence of design on an optimal
solution. The unchangeable parts are access, supplying ele-
ments, envelope, construction, and location. The changeable
parts are spatial attributes with ample interpretation. The
measurable aspects that affect flexibility were deduced from
an analysis of the flats (Table 4). The degree of freedom of
interior space, space multifunctionality, and modifications in
the number and size of rooms were also considered.

The layout arrangements from the flats presented by
Živković and Jovanović (2012) are different compositions
that generate an optimal solution. Regarding orientation,
the design becomes more adequate with more accesses per
number of façades. Consequently, the number of units per
floor should be regulated.

The more compact and regular the shape of the design
and the more versatile the structure is, the easier the
family adaptation is. The centrality of the entrance when
more than one access is impossible and grouping of techni-
cal installations improve the degree of flexibility. In con-
clusion, Živković and Jovanović (2012) stated the
advantages and disadvantages of specific types of structures
that must be considered.

Abdulpader et al. (2014) investigated flexibility in small
spaces. Three concepts, namely, flexibility in movable
vertical partitions, flexibility in horizontal plans and levels,
and flexibility in furniture, were examined. In addition, the
researchers proposed a method of evaluation that uses
crucial flexibility variables involving form, space, flexibility,
and sustainability composites.

To validate the methodology, housing models from Mosul,
Iraq, with proportions 1–2 and an area of 50 m2 (5 m� 10 m)
were evaluated using alternative designs and combinations
(Figure 7). In model B3, flexibility is applied in planning and
details, thus increasing space and cost savings. Model B3
responds to functional needs by 76% compared with the
other examples. Models B2 and B1 are 53% less effective



Table 5 Housing design types.
Source: Kim (2013).

Type Definition Example

Centripetal Central space without fixed functions and different interpretations Mediterranean Houses
Palladio's Villa
European Post-War Housing

Condensed/
released

Concentration of specific spaces and furniture, such as washing,
bathing, and stairways

Montessori School
Polygoon Primary School
(both designed by Hertzberger)

Non-hierarchical Every room has the same spatial quality, and no designated “circula-
tion” exists; the circulation changes according to different room
layouts

Nagatomi House
Stadstheater Project (Sejima and
Nishiwaza)

Table 6 Conclusions of authors about issues.
Source: Schneider and Till, (2005a).

Issue Conclusion

Finance Flexibility is economical in the long term
Participation Flexible housing encourages user involve-

ment in the design process
Technology Flexible housing is determined by

advances in construction technology
Use Flexible housing adapts to different usages

over time
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than B3, model A1 is the least efficient, and B3 is the most
efficient.

Kim (2013) stated that contemporary spatial flexibility is
related to sustainability and mobility. Furthermore, spatial
flexibility can be linked to multi-functionality or polyva-
lence, emphasizing that multi-functionality is a mistake
made by architects who leave an unfinished space without
basic systems, such as lighting and structure. Flexibility
originates from the correct installation of these systems,
which support the multi-functionality of the room.

According to Kim (2013), multi-functional flexibility
depends on the modification of spatial properties and the
anticipation of functions that serve the inhabitants. However,
setting several functions is an initial limitation. Therefore,
polyvalence plays a relevant role in flexibility. Underlining the
principles of Hertzberger (1991) and Rossi (1982), Table 5
describes three types of housing design form: centripetal,
condensed/released, and non-hierarchical. These housing
design forms supposedly designate the precedents of poly-
valent forms and regard the adaptability of a space as the
result of user customization. The space potential is limited by
proportions, material, and building systems.

Kim (2013) described multi-functionality and polyvalence
as different concepts. Multi-functionality can only modify
the environment upon contemplating the program of the
architect. The real issue is limiting the action of architects
on the control of the flexible design and the free inter-
pretation of the inhabitant.

Therefore, Kim (2013) indicated that rooms should be
well equipped, but their affinity and use should be deter-
mined by the residents. The survey and study of these
different connections allow absolute flexibility that is free
from restrictions. Finally, Kim (2013) proposed a design
called contextual relations that is associated with his
hypothesis.
3.5. Theoretical investigation

The papers in this section contemplate the past and future
of housing flexibility. Thus, practical and theoretical dimen-
sions should be investigated.

To identify the advantages of applying housing flexibility,
Schneider and Till, (2005a) discussed flexibility in terms of
modernism, finance, user participation, sustainability, and
technology. Considering that many conflicts regarding this
subject are found in literature, they indicated the purposes,
projects, and obstacles for each of these topics.

In modernism, industrial prefabrication and changes in living
customs are the factors responsible for instigating architects to
create buildings that adapt to their users. Examples include
the apartment block designed by Mies van der Rohe and
Schweizer Werkbundkollektiv and the 1988 housing scheme
designed by Günther Domenig in Neufeldweg. However,
Schneider and Till, (2005a) questioned the real intentions of
architects because in most cases, control of function and
flexibility is centralized in the hands of architects.

With regard to user participation, the environment should
adjust to the daily routine of the inhabitants. An example is
the participatory scheme in Wasterkingen (Switzerland) by
the architect Walter Stamm. According to Schneider and
Till, (2005a), user participation is controversial when layout
personalization is very specific and implies total reconfi-
guration for each new resident.

Technology is defined as the differentiation of fixed and
changeable spaces and allowing upgrading and alterations
without affecting the entire building. Habraken (1972)
proposed support and infill theory and the open building
design. Schneider and Till, (2005a) reiterated that technol-
ogy can overcome the issues of design and social occupa-
tion. Lastly, finance is established by using systems, service
strategies, and spatial principles. Financial flexibility can
decrease the chances of a building becoming obsolete.
Thus, user satisfaction must be considered in addition to
monetary costs.

In conclusion, Schneider and Till, (2005a) emphasized the
difficulty of implementing flexibility in the United Kingdom.



Figure 8 Enfilade layout.
Source: Seo and Kim (2013).
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The market determines the layout composition because of
the scarcity of land, at least in strategic locations, thereby
making the sale of dwellings nearly automatic without
investments in innovations. In addition, the number of
rooms is more important than size. Thus, homes are smaller
than the comfortable minimums. Inflexibility also allows the
real estate market to continue to make money because
obsolescence forces residents to move to other locations
when their current living space no longer meets their needs.
Table 6 presents the advantages of adopting flexibility.

Sinclair et al. (2012) used the open building concept to
examine the agility, adaptability, and appropriateness of
design in projects and investigated the notions of “spatial,”
“functional,” and “aesthetic” flexibility in establishing a
sustainable and organized system.

Spatial flexibility refers to the capacity of a spatial
structure to change. Based on the Traditional Japanese
House, the concepts of Stichting Architecten Research
(SAR), and the Century Housing System, spatial flexibility
gives users the freedom to compose a space and to construct
and interpret it according to their needs. Sliding, folding,
retracting, collapsing, and moveable walls can divide and
change a space. Building volume is explored in all directions
in terms of flow, dynamics, and interactions while establishing
minimal or no hierarchical order among the spaces.

Functional flexibility is the capacity for variability and
multifunctionality. As indicated by the project of Rietveld,
Mies van der Rohe's day and night study cycles, and the
Kodan Experimental Project, plans and volumes need to be
adaptable and mutable through specific furniture, fixtures,
and fitting. For functional flexibility, three characteristics
are important: program, productivity, and value. More than
one program should be provided in the same space.
Productivity, through day/night cycles, changes with the
number of occupants and spatial requirements. Value
respects the priorities of residents and life cycle impacts
by extending financial efficiency and project viability.

Aesthetic flexibility is the capacity to alter geometrical
form and identity. According to Hertzberger, aesthetic flex-
ibility must create a sense of character and quality of
expression by changing the form and facade in agreement
with the context and the personality of the residents and by
utilizing digital technology and next-generation cybernetics.
Science and technology innovations, stakeholder interest in
the community, and the balance between standardization
and individual interpretation should be evaluated.

With regard to the central core, Sinclair et al. (2012)
listed aspects related to buildings and architects and high-
lighted the obligations and opportunities of professionals.
“Responsive” corresponds to skin elasticity, structure, and
infill and responds to environments and users by generating
energy from renewable sources. “Resonant” qualifies the
relationship between interior and exterior and among
spatial, functional, and aesthetic aspects. “Resilient” is
the capability to adapt to future alterations by reducing
costs and waste.

In conclusion, Sinclair et al. (2012) emphasized that
spatial, functional, and aesthetic flexibility should work
collectively in harmony to accommodate the changes in a
building. They suggested the integration of design, plan-
ning, site, structure, infill, internal, external, systems,
users/uses, flexibility, and adaptability. To facilitate the
application of the open building framework, the elements of
a building must be divided into long-life elements, such as
columns, beams, and floors, and short-life elements, such as
nimble walls.

Seo and Kim (2013) investigated the anthropological rela-
tions of the human body to the sociology of a built space by
using the concept of polyvalence in the architectural, furni-
ture, and building sense. They stated that housing design in
recent years has focused on wellness, where environments
transform and respond to their users. However, the social–
spatial vision remains minimally worked.

No predetermined program can deal with the constant
changes in human behavior. In other words, static con-
struction barely accompanies the constant transforma-
tions of the body. Considering the Palladian Villas, Seo and
Kim (2013) discussed “room-to-room enfilade” organiza-
tion as a flexible environment strategy. Each room can
support the activities of the adjacent room when aligned,
which allows the resident to move and interpret the space
freely.



Table 7 Reviewed papers.

Author Category Author Category

Slaughter (2001) Economic and budget aspects Kim (2013) Practical implementation and
assessment methods

Schneider and Till
(2005a)

Flexibility strategies Seo and Kim (2013) Theoretical investigation

Schneider and Till
(2005b)

Theoretical investigation Abdulpader et al.
(2014)

Practical implementation and
assessment methods

Israelsson and Hansson
(2009)

Economic and budget aspects Živković et al. (2014) Flexibility strategies

Sinclair et al. (2012) Theoretical investigation Cellucci and Di Sivo
(2015)

Flexibility strategies

Živković and Jovanović
(2012)

Practical implementation and assess-
ment methods

Montellano (2015) Case studies

Dhar et al. (2013) Case studies Raviz et al. (2015) Case studies

Figure 9 Annual article publication.

Figure 10 Frequency of author citation.
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Polyvalence reaches its maximum degree when the
“room-to-room enfilade” sequence forms a complete chain
in a circle. However, Kim (2013) indicated that this condi-
tion is difficult to attain because furniture requires contact
with walls, and a chain in a circle requires at least two
accesses to complete itself.

A corridor restricts contact and extends the privatiza-
tion of rooms by separating private and public areas
and making polyvalence and the exchange of uses impos-
sible. Deprogramming routes and providing living
dynamics may allow for a new use of space and freedom
of interpretation.

Seo and Kim (2013) simulated the layout organization for
enfilade (Figure 8). The first example concentrates the
services in the central core, and the other rooms are
distributed around the core and have two or more accesses,
thus creating a circular sequence. The second example
divides the core and creates a sort of central hall; the
rooms are lined up but only in a circular sequence. The two
examples liberate the routes and spatial functions by
allowing free circulation of the “body” and the develop-
ment of personal activities.
4. Discussion

This investigation provided an articulated overview of
housing flexibility. We surveyed literature, reviewed and
categorized 14 peer-reviewed papers published in the 21st
century in international journals (Table 7), and discussed
different aspects of flexibility, including economic, techni-
cal, and practical elements.
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Most publications (10 in total) were concentrated in the
last three years under review (2012–2015), and only four
papers were published in the previous period (2001–2009)
(Figure 9). This condition reflects the recent valorization of
flexibility, which is currently very propitious for adapting to
changes in daily life in short and long terms, considering
that society thrives on constant transformation.

Regarding categorization, the “economic and budget
aspects” papers only existed prior to 2009. This distribution
represents the period's incentive of housing flexibility
because monetary justifications were explored to support
its advantages. The papers after 2009 indirectly cited
monetary justifications, but a great awareness about flex-
ibility already exists because sustainability, supply recycling,
and extension of a construction's life cycle are evident.

Most recent papers prioritized the methodologies and
theories that improve space flexibility by studying new
technologies and materials that contribute to housing
qualification. Although the “case study” papers do not
always deal with recent projects, possible refinements to
techniques used in the past are investigated.

In general, flexibility is defined as the capability of space
to adapt functionally or structurally to constant changes in
users, including social, sustainability, and economic issues.
To achieve flexibility, the home can be organized as a
multifunctional, indeterminate, or polyvalent space. Tech-
nological elements, systems, and generic components of the
construction are fundamental, together with the study of
room dynamics and its connection to the family group.

The motives for applying flexibility are justified by the
obsolescence of a building (when it no longer fits the
current social dynamics), the economy of resources, sus-
tainability, well-being, rapid and constant cultural changes,
scarcity of new land, and personalization. The most com-
mented flexibility strategies were indetermination and
generalization of space, independent and modular struc-
tures, room hierarchy, relationship among spaces, service
and technical areas, easy access to maintenance, separation
into permanent and impermanent areas, and application of
movable partitions and furniture.

The bibliography explored in the reviewed papers is
relatively homogeneous (Figure 10). Habraken was the most
frequently mentioned author. The book “Supports: An Alter-
native to Mass Housing” (Habraken, 1972) and the system
improved by the Foundation for Architectural Research (SAR)
were referred to as part of an essential strategy of flexibility
(Habraken et al., 1981). From the book and SAR system, other
methodologies by Dhar et al. (2013), Schneider and Till
(2005b), and Živković et al. (2014) were integrated into
contemporary reflection and construction.

The open building concept, referenced by Kendall and
Teicher (2000), is usually considered an evolution of Habra-
ken's “support and infill” theory (Schneider and Till 2005b;
Živković et al., 2014) and is characterized by building
divisions into elements and a built environment, encom-
passing user participation and multiple professionals.

Schneider and Till were the second most frequently refer-
enced authors, with either citations of their book “Flexible
Housing” (Schneider and Till, 2007) or their papers “Flexible
Housing: Opportunities and Limits” (Schneider and Till, 2005a)
and “Flexible Housing: The Means to the End” (Schneider and
Till, 2005b). Their mentions in the bibliography was probably
due to the depth with which they approached the theme and
conducted their survey. Hertzberger and the theory of space
polyvalence, which was first published in the book “Lessons
for Students in Architecture” (Hertzberger, 1991), were also
cited frequently as important for the foundation of several
theories from the reviewed papers.

Regarding the most frequently mentioned architects,
various prototypes, projects, and buildings were reported,
with slightly higher relevance given to a set of projects from
van der Rohe (i.e., Apartments in the Weissenhofsiedlung,
Residential Complex), Hertzberger (e.g., Polygoon Primary
School, Montessori School), Habraken, and the Schröder
Huis designed by Rietveld.

In contrast to Hertzberger and Habraken whose projects
are based on theoretical principles (polyvalence, support,
and infill), van der Rohe and Rietveld are cited due to the
innovations employed in their work. These innovations are
marked by the materials applied, layout and daily routine
cycles, plan quality, partitions, and element modularity.

The majority of all prototypes, projects, and buildings
quoted in the reviewed papers belonged to the 21st century.
Interestingly, the 1920s, 1930s, 1970s, and 1990s were also
frequently cited. Allegedly, projects from the 1920s and
1930s are expressive because of the Modernist movement,
which sought to create a new paradigm through the
simplification and rationalization of construction. The
1970s and 1990s are inserted in the context of technological
progress, where building systems and supply improvement
are emphasized.

After analyzing the entire set of reviewed papers, several
findings justify the low implementation of housing flexibil-
ity. Although investigations by Slaughter (2001) showed the
feasibility and low cost of flexible housing design, the data
and variables used to calculate this cost can vary
considerably.

The economic condition of construction sectors varies
among countries and regions, together with the applied
materials and respective legislation. However, most dwellings,
regardless of their location, eventually change over time.
Thus, an evaluation should be made in each case by selecting
the most feasible conditions within existing limitations.

Another issue is the lack of integration with project/
building planning and the real estate market, which have no
long-term thinking nor organization of the different life-
cycles of building components. In addition, the non-financial
advantages and disadvantages of housing flexibility are not
well disseminated.

Flexibility remains highly centralized in the decision-
making power of the architect, who must “program” the
spaces and anticipate family scenarios and situations.
Cultural and family diversity make the task of understanding
the social relationship with spaces difficult, suggesting that
centralization in the user is fundamental to obtain success.
Housing must be regarded as a constantly adaptable space
that needs to possess flexibility to transform.

An interesting perspective obtained from this review is that
we should revise and update theories and strategies applied in
the past rather than create new ways of thinking. To achieve
this goal, investigations of technological innovations focused
on space transformation should be increased. De Paris and
Lopes (2016, 2017) presented a brief overview of what
technological innovations can add to housing flexibility.
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Finally, a methodology that evaluates flexibility beyond
mere costs must be established. This methodology should
consider the dynamics of spaces with their geometry,
accesses, infrastructure, structure, proportions, partitions,
and envelopes.

5. Conclusion

This study investigated housing flexibility and included
design, space organization, and constructive elements.
The topics and perspectives of the reviewed papers were
collected and organized, and the focus was on the analysis
and discussion of the addressed issues. Although housing
flexibility has already been discussed in the past, it remains
continuously investigated. The reviewed papers did not
discuss the definition of flexibility, but they integrated
existing notions and reinterpreted the contemporary sense
of dwelling. However, the lack of a well-defined concept of
flexibility resulted in the inclusion of different variables in
each paper. The lack of definition also hindered the
compilation and comparison of these papers and the
proposal of a new research.

To increase the efficiency of flexibility, we must investi-
gate new strategies evolving from materials, technology
innovations, and implementation methods. Social and eco-
nomic matters are also important, as underlined by their
deficiency in the construction sector and the general
population. Finally, cultural issues are insufficiently inves-
tigated. Further study of the relationship of people with
their habitat would enrich the topic favorably by deepening
the consequences of space modification for its inhabitants.
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