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Abstract. Parametric modelling has become popular to present the 
abundance of high performance technology. Urban designers and 
planners have already adopted parametric models to provide useful 
planning and design solutions by employing specific algorithms. De-
sign rules and logics are formed to generate various design solutions, 
also known as rule-based design. They can be integrated with para-
metric model to push digital design into another level of methodology 
and discussion. This also gives rise to the possibilities of collaborative 
design solution, which presently are known as Building Information 
Modelling (BIM). Mass housing design is a complex typology that 
usually involves not only the architects, developers and contractors 
but ideally, includes also the residence. In reality, however, the users 
are left out as there is no such system that allows for simple, direct 
and clear design communication. This meta-paper will collate and lay 
out the definitions of various respective design strategies for discuss-
ing and comparing from an urban to the building-units levels.  The 
study aims to provide a clear comparison and classification of the ex-
isting frameworks in order to establish novel opportunities in integrat-
ing the strategies and to develop an open system for mass housing de-
sign. 
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1. Introduction  

Architectural design in present times incorporates multiple considerations 

ranging from urban issues to building structures and systems. The base time 

needed to produce designs have lengthened since many factors such as struc-

ture integrity, building details and environmental systems integration, that 

once were regarded as too complex for inclusion are now routine expecta-
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tions. The amount of time required for design has however, been shortened 

dramatically due to social-economical demands. 

In response to these situations, architectural design tools has advanced 

drastically (moving away from hand drawing tools) from Computer Aided 

Drawing (CAD) software to 3-dimensional modeling tools, then to Building 

Information Modeling (BIM) tools. Digital models can now incorporate mul-

tiple systems efficiently. On top of that, there are now numerous simulation 

tools allowing designers to run environmental analysis with them. 

Architects are using the digital tools in limited ways, especially during 

the design process. Design decisions are usually made based on ‘rules of 

thumb' and subjective ‘common sense' from their past experiences and 

knowledge. Architectural design programs, along with simulation programs 

to justify the design or to add more commercial values for the client, are only 

used as simple modeling tools to generate the ‘final product'. 

At present, the increasing population of city dwellers has resulted in high 

densities and limited city land resources. This leads to a higher demand for 

high-rise residential buildings which not everyone can afford. It becomes a 

pertinent social problem. In response, governments of cities are veering to-

wards the mass social housing scheme which has become a commonality of 

populated cities like Singapore, Hong Kong and many other Asian cities. 

This scheme was very successful in providing homes for the people. 

However, as most mass social housing designs are carried out by the gov-

ernment who values economy more than design ideals, the design of the so-

cial-housing are often the most basic. This is especially so in large-scale pro-

jects for tenants of lower income when in actuality, with the abundance of 

cutting-edge computer aided design tools, such buildings have as much po-

tential as commercial buildings for desirable designs. Stellar designs can be 

granted to all, and not just for the select few who can afford it. 

This paper will explore the potential and possibilities of a collaborative 

design system for mass housing with the help of smart parametric model. 

2. Technology Overview 

In the context of mass-housing, which usually involve medium to high rise 

buildings, manual communication and management is impossible for collab-

oration purposes. There is a need for a better communication system to en-

courage more collaborative and participation in design process.  

BIM is a system that generates and represents architecture elements as 

objects instead of lines and planes. Coupled with its collaborative flexibility 

and easy information exchange among professions, it advocates convenient 

collaboration that saves time and cost for building construction. More re-



 DEF. OF SMART MODEL FOR COL. DESIGN OF MASS HOUSING 209 

sources can therefore be spent in bringing more community involvement into 

the design process. 

The community can participate in a Virtual environment (VE). VE is a 

useful platform for architects to communicate with the community. In ac-

cordance to the likes of social network systems, VE, with its added support 

in visualization and engagement, can be used by architects to generate and 

develop design while maintaining close communication with the community. 

Furthermore, VE provides simulation results that are more intuitive for in-

terpretation, hence facilitating discussion among the various groups. 

Designs can then be customized in mass for the community using para-

metric design techniques. These complex visuals can be articulated when 

surfaces are defined digitally with algorithms. The easy manipulation of the 

virtual 3D-design is able to generate a wide variety of design options in the 

VE at a significant low cost, which provide an incentive for more architects 

to adopt this system. 

Indeed, there is numerous CAD software which offer design freedom to 

architects. However, many are simply too sophisticated for non-

professionals. Unless one has prior experience in the design field, it is likely 

that he will find it inconvenient to use. On the contrary, open source code is 

useful tool to be utilized in computer software, as that would provide a 

means to create a simplified interface for a layman user. 

The involvement of the community in the design process could greatly 

change the position of the architects. Instead of taking full control of the de-

sign, they will manage the ideas generated to create a more community-

based architecture – replacing rigid geometrical forms with dynamic and 

participatory processes, networks, and systems. This paper will investigate 

such possibilities. This open system might also give transparency to the de-

sign decisions, hence justifying clearly why some designs are much pre-

ferred over others.  

3. Building Parameters and Algorithms 

Apart from the design technology advancement, building design methodolo-

gy in terms of ideas and construction methods have also progressed to a 

great extend providing greater opportunity in creating a building systems for 

design collaboration.  

Starting from Le Corbusier's five points of architecture, his free plan and 

free façade incorporating the pilotis (foundation posts/columns) already con-

tribute to the possibilities of flexible and dynamic planning strategy. The 

continuous string of window provides view of the exterior and daylight into 

the interior. Together with the last point, the roof garden, they provide good 
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building quality to the occupants. With a flexible system, occupants could 

dictate how the windows and greenery is layout in their unit design. 

Parameterizing design with response to BIM is being explored and exper-

imented by many architects and students. Architects such as Frank Genry 

and Zaha Hadid are using parametric architecture to generate organic design 

forms which were almost impossible few decades back. Digital tools such as 

Grasshopper with Rhino3D™ and GenerativeComponents™ have simplified 

the parameterizing of model such that designers can now use a network of 

nodes to generate to design.  

By breaking down housing units into smaller parameters, to the extent 

every wall, windows, furniture, equipment and doors becomes a digital com-

ponents, it allows great flexibility in generate a different type of floor plans 

with the click of the button (Figure 1). 

In addition, algorithms such as shape grammar and space syntax are also 

being explored and researched by many in order to generate as much possi-

bilities in terms of geometric forms and layout possibilities with the help of 

the computer. Design constraints are also introduced so that design solutions 

are diverging to one that suits the users. 

 

Figure 1. Flexible plan layout (Benros, Duarte, Branco, 2007). 

With so much parameters and constrain at hand, the method has advanced 

to a stage where human mind are incapable of keeping track of each design 

solutions. Optimization becomes the next strategy in helping designers filter 

through all the solutions generated. User preferences are input into the com-

puter with the help of certain formulas to let the computer generate opti-

mized solutions.  

The design technologies and methodologies described provide great op-

portunities in creating a system that allows user participation in design pro-

cess. Especially in the context of mas housing, with a strong and flexible 

framework structure, there is only a need to look through all the available 

design systems and tools to look at which one or few is suitable to be inte-
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grated for a system that allows mass participation to generate a mass custom-

ized residential building.  

4. Precedence of Collaborative Design  

The next step is to understand what is needed in a collaboration design sys-

tem. This can be achieved by examining some successful projects of mass 

housing that the designers or architects spend the extra effort to collaborate 

with the occupants during the design process. 

4.1. ÖKOHAUS, BERLIN, GERMANY  

The Ökohaus project (Eco-home), is a project conducted by Frei Otto and 

Herman Kendell in 1988 for the Internationale Bau Ausstellung (IBA) exhi-

bition (Israel. N, 2012). It is a collective housing which exercises user partic-

ipation and open design. Frei Otto sees this as an opportunity to consider 

new ways of living in high-density urban context.  

Every occupant participates in the design with the help of the architects 

just like they are building a detached house individually. This is made possi-

ble with the structure being raised independently to frame each unique de-

sign. Construction of each house is also done individually. 

The whole collaboration process is done manually (Figure 2) and just the 

participatory process itself took two years. However, the result was an attrac-

tive yet unusual collage of items that represent each occupant. The building 

coexists in harmony, generating an urban ecosystem filled with richness and 

diversity. In addition, the self-management nature of the process has created 

a very strong sense of community with personal satisfaction and great sense 

of belonging of each tenant.  

 

Figure 2. Manual collaboration and self-management design process (Israel.N, 2012). 
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4.2. NEXT21, OSAKA, JAPAN  

Next21 (Figure 3) is an experimental multi-family housing project demon-

strating new concepts of multi-family housing units that incorporates sus-

tainable design methods and advanced technologies expected to be used in 

the near future (Kim, Brouwer, Kearney, 1993). The building consists of 18 

individual housing units, which were designed by 13 different architects. For 

this project, the focus is more on the building system itself instead of the col-

laboration process as compared to the previous example. Specific design 

strategies are generated from the framework of two principal concepts, the 

system building and the two-stage building. 

 

Figure 3. NEXT21 with its distinct infrastructure and infill. 

The system building is an integration systems assembled from a series of 

multiple independent subsystems. This approach allows each building ele-

ments to be produced independently and incorporate into the building with-

out disrupting the integrity of other systems. The prefabricated components 

can also be replaced easily and economically during a building occupancy 

and use. This could also enhance the ability of building disassembly for short 

life buildings. These four main subsystems in NEXT21 are namely structure, 

cladding, infill and plumbing.  

The two-stage building strategies follow deeply with the first by classify-

ing the building into two groups: infrastructure which is shared property in-

cluding structure, cladding and plumbing, infill which is individual proper-

ties including partitions, fitting, interior finishes. The design process in this 

example is broken into two parts as well; one group conducted interviews to 

identify the needs and desires of the prospective occupants in the collective 
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housing, while the others is responsible for the design of building structure 

that accommodates various design and changes in time. 

Next 21 is one of the most comprehensive buildings that demonstrates 

and experiments sustainable design methods in the process of design. In 

1996, they did an experimental remodelling of one unit with the participation 

of its residents and it was a great success (Sasakura, 2005). This provides 

precedence for the possibility of a participation/collaboration design method 

and also flexible building system for collective housing.  

4.3. THE INO HOSPITAL PROJECT, BERN, SWITZERLAND  

The INO Hospital is the most recent project to adopt the open building strat-

egy (Kendall, 2005). It is a 50,000-square-meter addition to a large universi-

ty hospital campus in Bern. In this example, the building is broken down into 

3 systems, each lasting a certain period of time. As this is a hospital typolo-

gy, the primary system is the base building infrastructure aiming to accom-

modate the secondary system of changing departmental sizes and changing 

layouts of zones such as emergency, imaging, surgery and pharmacy de-

partments. These two systems are intended to last 100 and 20 years respec-

tively. The last tertiary system in includes the equipment, finishes and fur-

nishing which is intended to last only 5-10 years.  

The uniqueness of this project is the design process. Three competitions 

were set up for the selection of architects for each system. The architect of 

the first has to design a plan without detailed programmatic information for 

the architect of the secondary system (Figure 4). The secondary architects 

will then design a flexible infill layout for future changes. Lastly the tertiary 

design will fill in the rest. Although each system tries to accommodate each 

other, the systems are independent to reduce organizational problem.  

This approach yielded great benefits. Functional layouts were morphed 

during the design process due to changes in the organization's priorities and 

client base, as well as medical procedures, hospital politics and technology. 

The changes are made possible without much fuss. Although there are still 

many organizational problems during the design process, the outcome out-

weigh them with the building's ability to be utilized longer than usual, giving 

its investor a value for their money. 
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Figure 4. Base Building plan (left) and two infill layout (right) (Kendall. S, 2007). 

5. Conclusion and future work 

From the three examples, communication with the occupants is done manu-

ally. It is still manageable as the project scale is either small or the clients are 

only a small group of people. Despite the use of some technology in generat-

ing design, such as in the INO project, the collaboration process is still very 

primitive.  

In the context of mass-housing, which usually involve medium to high-

rise buildings, manual communication and management is impossible for 

collaboration purposes. There is a need for a better communication system to 

encourage more collaborative and participation in design process.  

This paper presents a few built examples to demonstrate the advantages 

of collaborative design process and planning for future changes with free 

plan infrastructure strategies. The problems in the collaborative design pro-

cess are specifically chosen for their potential to be resolved by current tech-

nologies and design strategies. 

With an integrated system using BIM and structured design parameters in 

a virtual environment, information can be monitored more efficiently. Com-

munication between prospective occupants, architects and various stake-

holders can also be performed easily. With this, communication becomes a 

discussion loop system instead of being a singularly directed flow of instruc-

tions.  
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To further this research, a prototype system will be created referencing 

available tools to create a full participatory design system that allow real 

time communication. Various design parameters and strategies will also ex-

amined to develop a more flexible design system that will not only create 

new possibilities in mass housing design practices but also strengthen the in-

terconnected relationships between people and their built environment.  

Most importantly, studies will be made with experiments, which are not 

yet available in this paper, to understand how such a system could be help-

ful. Different context will also be considered especially since the construc-

tion climate between the eastern and western countries can quite distinct. 
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