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Abstract: This paper rethinks the role and the position of an analogue model within the design process, 
in the design studio setting, at the earliest stage of architectural education. The main argument set by 
this paper is that by altering the conventional organization of the design process, students’ abilities to 
generate complex spatial configurations and demanding geometries significantly improve. By starting 
the design process with an analogue (physical) model instead of with a two dimensional drawing, 
students are early on equipped with an instrumental method that introduces them to the realm of 
genetic architecture, algorithmic thinking and the idea of analogue computing. This research is 
conducted within a regular design studio (level 1) where the coursework formulates the basic 
parameters. The result of this research is students’ work analysed and evaluated by a defined set of 
criteria and documented in this paper. 
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1. Research motivation 

Most of the written material for this paper comes from notes taken on prevalence and effectiveness of 
tools and methods used at level one design studio, the author was involved with in semester 1, year 
2014 at the Xi’an Jiaotong-Liverpool University in China. 

One specific observation - that students at this level, being effectively digitally incompetent, are 
actually in a dichotomy with a current architectural discourse that endorses the use of digital tools and 
computational logics - is the underlying motivation to do this paper. However, the intention of this 
paper is not to question whether digital skills ought to be acquired as early as in the foundation level, it 
is rather about questioning whether a different kind of pedagogical approach could stretch the limits of 
the analogue setting these students are operating in, by bringing in some of the fundamental principles 
of parametric design and in that way bring students closer to algorithmic design thinking paradigm. 

2. Research aim and questions  

The above said clearly opens ground for a number of questions to be raised, which are to be addressed 
within the further body of the paper: How this can be done? Why would that be important, and how 
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would students benefit from it? What is the parametric design really about and what kind of intelligence 
can the analogue inherit and take on from the digital?  

Contemporary shift in the design medium from the analogue to digital design processes, is 
sometimes giving a false indication of analogue model as a traditional design tool. This paper argues that 
we cannot be speaking of traditional tools; we can however speak of the traditional approaches or 
mind-sets or of conventional methods. Analogy can be drawn here, that we can be using computational 
logic, or be thinking parametrically while still be working with analogue tools, or as Whitehead puts it, in 
the foreword of Woodbury’s Elements of Parametric Design, parametric design is more about “an 
attitude of mind which seeks to explore and express relationships than any particular software 
application.” (Whitehead, 2010) 

Grounded in the findings from the design studio experiment, that are to follow, the aim of this paper 
is to investigate whether higher level of complexity of students designs can be achieved through 
employing computational logics through the analogue modelling process, while still maintaining the 
benefit of having a direct contact with the physical, from the very conception of the design, through the 
material and structural experience, toward realisation. 

 

 

Figures 1-3: Living space for the Panda _student Bowei Liu (1302138)_ Module ARC105_Level 1. 

2.1. How this can be done and how would students benefit from it? 

As already stated, this paper is pedagogically motivated to help level 1 students go beyond their 
limitations, using a method that would not burden them with having to absorb new skills 
instantaneously (such as having to learn a new software application). What this is paper proposing is a 
simple re-organisation of a design process that I believe carries a great potential that has not yet been 
sufficiently addressed. The idea originates from working with students on very different levels of 
architectural education, where I have detected that introduction of an even minimal change into the 
organisation of a design process, can give positive effect on their designs. 

The academic setting I am acting from, or more specifically the setting of a design studio, came as a 
true supporting ground for pursuing my research interests: to study, monitor and evaluate the effects 
and the results of the reversed design process methodological approach. If expected sequence in the 
design process can be identified as: from a drawing to model, this research paper sets a stage for a 
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pedagogical experiment, where we will be able to see the results of shifting these sequences into: from 
a model to drawing and rethink the position and the role of a physical model in a design process.  

Postulation set by this research is that by altering the standard organisation of the design process, 
students, especially those who are at an early stage of their architectural education would benefit 
greatly. Moreover, their lack of design studio experience and low competency in design methodology 
and digital design technique will possibly work in their advantage.  Due to their lack of skills necessary 
for mastering available digital tools, while following the conventional order in the design process - 
starting with sketches and 2-dimensional drawings – level 1 students find it difficult to go beyond planar 
way of thinking or referring to the prevailing historical references (Roudavski, 2011), that can lead them 
towards unoriginal, superficial architectural concepts, and moreover towards spatially underdeveloped 
and geometrically unchallenged design solution. 

On the other hand, as this experiment intends to show, when starting design process with an 
analogue (physical) model instead of with a pencil and a paper, students are timely equipped with an 
instrumental method that allows them to create spatial experiences and complex geometrical structures 
that would otherwise be inconceivable and unreachable to them. This comes as no surprise, as a design 
tool (as in: “what is used?”) and a design method (as in: ”how it is used?”) are really the means of 
setting the framework within which a designer, or in this case a student is operating, i.e. thinking and 
creating; a framework that can come to be a limitation or a window to experimentation and reaching 
new insights. The strategic role of tools and methods within the design process was given recognition 
long time ago by Konrad Wachsmann in his book "Milestones in the construction", where he suggests 
that focus instead of on the building itself, should be on what has influenced the way in which it was 
made - on the techniques, materials and tools, believing that their role is yet to become even more 
important in architectural education and research in the future.  (Wachsmann, 1959).   

This paper argues that by introducing students to from model to drawing design method, we are 
navigating them towards exploratory and experimental design thinking. We are encouraging them to 
embrace the culture of experimentation, risk and critical evaluation early on, which is to be a milestone 
for their further education and the direction they will take on as future professionals. Angélil and Hebel 
are among those that are stressing the importance of encouraging students to take risks “even if it 
means being vulnerable.” (Angélil and Hebel, 2008).   

By reversing the design process, by telling students to conceive their architectural ideas through the 
process of analogue (physical) model-making, rather than through the means of two-dimensional 
drawings, sketches or diagrams, what we are really doing is exposing them to the world of genetic 
architecture, algorithmic thinking and the idea of analogue computing – computing complex geometries 
and spatial structures without the use of digital tools or computers.  

Kostas Terzidis writes on the subject: “Algorithms are not necessarily dependant on computers [...] 
This distinction is very important as it liberates, excludes and dissociates mathematical and logical 
process used for addressing the problem from the machine that facilitates the implementation of those 
processes”. He indicates that there is a distinctive difference between the term “computation” - 
implying a way of resolving a problem, and “computerization”- suggesting a way of storing and 
processing data with a computer. (Terzidis, 2006) In other words, understanding and applying 
computational logic may be done with the use of analogue means such as physical models.  

The idea of computing without computers is not new and can be outlined though the work of Gaudi, 
Otto, Isler and others. Gaudi’s use of suspended chain models for computing the geometry of arches for 
La Sagrada Familia in Barcelona is a well-known analogue computational method and a subject to many 
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contemporary researches (Jos, 1989), as is the work of Frei Otto. Otto, who certainly holds the very 
central place in working with analogue modelling techniques, was almost exclusively relying on 
experimentation through spatial or physical models for researching on form-finding process (Roland, 
1965). Otto basically used analogue modelling techniques to transfer natural intelligence processes to 
the process of a design and construction of spatial forms (Barthel, 2005).  

Analogously to the above said, we can assume the possibility of transferring digital intelligence to the 
design process driven by analogue means. This is getting us back to the main objective of this research, 
that is: to reinforce abilities for generating complex spatial organizations, structures and environments 
for the purpose of architectural education, by employing computational logic in an analogue setting. 

 

  

Figures 4-5: Peacock and Lillies _student Li Jiaxu (1301782)_ Page 1_Module ARC105_Level 1. 

2.2. What is the parametric design really about and what kind of intelligence can the 
analogue inherit and take on from the digital? 

Parametric design is essentially operating on the basis of algorithmic principles that require for their 
each step to be precisely defined, as Knuth points out, and continues: “the actions to be carried out 
must be rigorously and unambiguously specified for each case” (Knuth, 1997). Accordingly, in order to 
understand the underlying principles of parametric design, we need first to understand the algorithmic 
nature of it.   

As defined by Terzidis:  

“An algorithm is a process of addressing a problem in a finite number of steps. It is an 
articulation of either a strategic plan for solving a known problem or a stochastic search 
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towards possible solutions to a partially known problem. In doing so, it serves as a 
codification of the problem through a series of finite, consistent, and rational 
steps.”(Terzidis, 2006) 

Barrios is on the other hand pointing out that parametric model can be defined “as a group or cluster 
of geometrical components that have attributes (properties) that can vary and other attributes that are 
fixed.” (Barrios, 2011) 

 

 

 

 

 

 

 

 

 

 

 

Figures 6-7: Chameleon _student Shao Fuwei (1301187)_Page 1_Module ARC105_Level 1. 

The promises of the contemporary digital processes are grounded, as much in the close relationships 
to materialization (though fabrication), as in the precision and a level of control over the design process 
(Aish, 2005).  

What this paper suggests is that, by reversing the design process and repositioning the making of the 
physical model within, we can transfer some of the key aspects of the digital processes and algorithmic 
thinking into the analogue setting. Firstly, we would need to identify the essential characteristics of the 
digital intelligence that analogue should try to inherit and learn from.  

According to Aish, there are three essential characteristics of computational design that can be 
distinguished - Geometry, Composition and Algorithmic thought: 

Geometry: “We need to start with a fundamental understanding of geometric primitives: 
points, planes, coordinate systems, line arc, curves, surfaces and solids. We need to 
understand what the ‘order’ of a curve means, how curves and surfaces are 
parameterized.” ..”We need to use these primitives and operations to define relationships. 
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We need to understand the stability of these geometric relationships under certain 
modifications and configurations.” …”By building and exercising these systems of 
geometric dependency we are able to explore variation in design, indeed to explore the 
solution space, and to discover and validate the configuration that will finally be 
constructed.”  

Composition: “ What is certain, is that developing and refining compositional strategies is 
a key aspect of design skills.. “  

Algorithmic thought: “Essentially this geometry cannot be drawn. It has to be computed. If 
it is to be computed, then there has to be an algorithm. To be original and to be in control, 
the designer has to understand, if not originate, his own algorithm” (Aish, 2005). 

3. Evaluation of students’ work –case studies 

The basic assumptions set by this paper were tested through evaluation of students’ work performed 
within a seven week long (from Oct 27

th
 to Dec 14

th
 2014) design studio module in Level 1 at Xi’an 

Jiaotong-Liverpool University in Suzhou, China. Module ARC105 (Small Space design) was led and 
coordinated by Ciro Marquez, with  a team of 16 tutors, an author being one of them, each having a 
group of 12 students. It is important to acknowledge that this was these students’ first architectural 
assignment. The brief has set a flexible framework and allowed for diverse pedagogical posits to be 
taken by any of the tutors involved. 

For the purpose of performing the intended design studio experiment and testing the reversing the 
design process design method, I have given a set of very simple instructions to my group of students: 

1. to start envisioning their design concepts by working with a physical model directly and not as 
what they were used to - by doing sketches or drawings on paper first. 

2. to engage in a bottom–up design process, by firstly defining the components with material 
properties that would allow manipulation and ‘trial and error’ to happen along the way, but that 
can also add to the structural strength of the configuration. 

3. to think about the relationships between the components, rather than thinking about the final 
form. 

4. to define the set of rules for assembling the components together.  
5. to be clear and consistent with the geometrical language they are using (to state if they are 

working with triangles solely, or with a variety of polygons, or with circles, and so on.. )  
6. to be free to change the variables of the geometrical entities they are using (lengths of the 

components, proportions etc.)  
7. to be exploratory and not be afraid of the geometrical and spatial complexity they are achieving. 
8. to draw the architectural plans and sections after the final physical model is done. 
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Figures 8-10: Tree house for Squirrel_student Mouyu Wang (1302144)_Module ARC105_Level 1. 

The above mentioned three essential computational design characteristics as identified by Aish and 
labelled by him as key to future design - geometry, composition and algorithmic thought (Aish, 2005) 
will be used as criteria in evaluating the rate of success of students’ work in terms of reaching the set 
research objectives.  

Figures 1-3 show the work of a student centred on a self-supportive physical configuration 
constructed with a use of wooden sticks - linear elements that student is putting together for defining a 
set of triangular and polygonal planes. These basic geometric entities are branching out furthermore, 
into more intricate patterns that are built in a multi-layered envelope folded around an inhabitable 
interior womb-like system of voids. Obviously, student is working with a very complex algorithm, 
achieving a spatial configuration of equal complexity, but manages it well, and in consistency with 
geometrical rules he has set.  

Configuration is manipulated along the way by varying the parameters of the polygons. This was 
done for fine tuning of the sophisticated spatial experience student wanted to achieve, and for the 
articulation of the architectural, material and structural properties. Another reason for working with a 
variety of polygons was to optimise the material use while achieving the structural strength. Student has 
shown remarkable geometrical and compositional skills, and has demonstrated a high-level of 
understanding of the rule-based (algorithmic) thinking. 

Figures 4-5 show work of another student working with linear elements. This student has chosen to 
work with plastic sticks that have elastic properties to some extent that he intended exploit in his 
design. Contrasting the previous student, where we always had two straight linear elements meeting in 
a point, this student works with straight lines and curves, by setting a simple rule: line-arc-line, so that 
lines within one component would always join radially, rather than by forming an angle. The set rule, as 
well as the material properties, have largely defined the geometric language student operates in, giving 
an impression of a continuous line drifting back and forth through space in an unpredictable rhythms. 
This spatial configuration is much less dense, and the emphasis is rather on the elusive linear inscription 
of space, than on the volumetric nature of it. Another difference is that unlike the previous, this 
structure is partly self-supported, and partly supported by the topography it is embracing. There is a lot 
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of freedom undertaken by this student in varying the geometric parameters, yet there is a clear strategy 
in using the geometry for a fine outline of a subtle, well-rounded spatial composition.  

Figures 6-7 show work of a student using the same material as the first one – wooden sticks. Student 
is working with triangles and quadrilaterals, putting an emphasis on the pointy and linear nature of 
these elements - lines are always straight and meeting in a point, most often forming a sharp angle. 
When assembling the components, student has aimed in reaching compositional hierarchy, rather than 
a high complexity of the compositional framework. Space occurs between the patterns that are reduced 
to a minimum number of elements. The formal tectonics is resulting from the functional and structural 
consideration and the hierarchical relationship between the parts and the whole.  The formal outcome 
of the process in this case clearly holds less complexity, yet it demonstrates geometric clarity, and the 
compositional consistency within its own internal logic and according to its own rules. 

Figures 8-10. Student is working with triangular components that are supporting one another and 
composing three distinctive spatial latticework structural segments - two vertical and one horizontal - 
that are then being joined into a whole. The triangular patterns vary in length of the elements and the 
proportion. Student has modified these through the form making process, aiming towards a somewhat 
predefined spatial composition that was to fit in the context set by the student- the structure was to be 
attached to the two trees that are few meters apart. This work demonstrates perhaps less 
experimentation, and more intentionality, but student has developed a well-balanced spatial 
composition, within a controlled set of conditions. 

What is I believe is apparent in all four case studies is that the design studio experiment have put 
student through an exploratory process, where they had the opportunity (and have used it) to work with 
free-forms in a more systematized and controlled manner. The process was controlled by themselves, 
and the rules they have set previously. Through this process they have developed substantial awareness 
and understanding of geometry and of design decisions making in the ruled based environment, in an 
algorithmic framework that they have set and that they are responsible for. 

4. Conclusions 

Evidently, many of the potentials of the digital design processes can never be achieved when working 
solely with analogue means. Firstly, analogue process and its outcome can never be as precise and as 
controlled as a digital one. It is also important to mention that, when working with analogue means 
there is a limit to a number of variant design solutions, that digital processes do not necessarily have to 
meet.  

However, one must acknowledge that there are other capacities of parametric design that are 
conditionally true, but in reality are quite hard to achieve, such as efficiency and continuity of the 
process, that many researches are pointing to. In parametric modeling it is a commonplace that designer 
has to remake the parametric model over and over again (Gerber, 2007) or that he will have to go back 
to the relational graph many times for editing or for a complete remodeling (Burry, 2007).  

On the other hand, parametric modelling requires substantial technical knowledge on mathematics, 
geometry and computation (Aish, 2015) and this is not something that we can expect easily to be 
acquired and mastered by level 1 students. 

Case studies show that, even though students were unconscious of having been employing the logics 
and principles behind the digital processes, they have developed a worthy understanding of the design 
process and gained a better sense of the control over it. Having to manage very demanding geometries, 
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students have demonstrated considerable geometrical awareness. Through the application their own 
set of rules they have exercised algorithmic thinking and have managed to generate spatial 
configurations of certain complexities. This approach has turned their focus towards what really matters 
in the design, the exploration of the new materials and forms (Aish, 2005) rather than on the appealing 
appearance of the formal outcome.  

Aspiration of this research is perhaps best reflected in Terzidis’s view of an algorithm as not being 
“about perception or interpretation but rather about exploration” and “extension of the human mind” 
(Terzidis 2006). Likewise, this paper is not suggesting an ultimate pedagogical approach; it rather wishes 
to demonstrate one design studio experiment and to test its effectiveness for a level 1 design studio.  
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