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Abstract. The purpose of this research is to understand how paramet-
ric tools can aid design thinking in the process of parametric design. 
We conducted a cognitive experiment that studied the differences be-
tween cognitive factors and various media (hand sketches, 3D model-
ling, and parametric design). The results were analyzed and showed 
that parametric design does indeed provide better assistance to the de-
sign factors during the conceptual design stage. 
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1. Introduction  

Over the past ten years, the creation and research of parametric design has 

been an important topic of discussion in the field of architecture (Monedero, 

2000). Most research focuses on explaining the functional process or system 

of parametric design (Barrios, 2006; Mark, 2008; Hudson, 2009), but there is 

little research on how the process of parametric design influences design 

thinking and design results that differ from the usual. Parametric design can 

produce morphological changes to multiple three-dimensional structures, so 

designers often use it during their conceptual design stage to develop com-

plex structures (Terzidis, 2003; Baerlecken et al., 2010; Lemberski, 2010).  

What kind of support can the unexpected results -- produced by multiple 

variability mechanisms of parametric design and the multiple design possi-

bilities -- provide for one's design thinking? Also, even though parametric 

design is a digital medium, it actually is very different in function from typi-

cal non-parametric 3D modelling. How, then, does this operational process 

(systematic yet able to produce multiple possibilities in design) affect design 

thinking? Which design factors are supported in the dynamic development of 

the feedback mechanism? 
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The purpose of this research is to understand how parametric tools sup-

port designer's thinking in different design factors, particularly the creative 

possibilities that it can support during the conceptual design stage. 

2. Methodology and Steps 

The following four steps were followed: 

2.1. STEP 1: THE INDUCTION OF DESIGN FACTORS. 

During the conceptual design stage, when different media are utilized to as-

sist in the initial design process, the designer may involve multiple design 

factors. We used current research and literature (Suwa, 1997; Lin, 2005; 

Lim, 2010) to organize and define some of these design factors for structural 

analysis. 

2.2. STEP 2: SETTING THE EXPERIMENTAL DESIGN AND INTER-

VIEW QUESTIONS.  

We used cognitive factors and media from the design field to create our ex-

perimental design questions for the subjects. The experimental design re-

quests are as follows: 

A. Experiment on limiting media: 1. Do a hand sketch (using A3 paper 

and a pencil as the design medium) 2. Do 3D modelling (using Rhino as the 

design medium) 3. Execute a Parametric design (using Grasshopper as the 

design medium). 

B. Design topics: Each subject used a variety of media to complete three 

different design topics, with a conceptual design period of 15-20 minutes per 

topic. 

C. Questionnaire content: After each subject completed a topic, we 

conducted a 10-20 minute interview. Our questionnaire included the follow-

ing questions: 

 How much of your conceptual design did you complete (%)? 

 Which design factors did you consider? If you considered other factors, 

please explain. 

 How did the individual design medium restrict you? Which design factors did 

you have difficulty considering? If you considered other factors, please ex-

plain. 

 Please explain how you used the various media in the process of design. How 

did they affect your design thinking? 

 Do you feel that you could benefit from a different medium?  
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 Please compare how good the three types of media were in supporting your 

design ideas. 

2.3. STEP 3: COGNITIVE EXPERIMENT PROCEDURES. 

Our experiment used three different types of media: hand sketching, 3D 

modelling (Rhino) and parametric design (Grasshopper). The subjects em-

ployed these media to work on different design topics, and then were inter-

viewed. We used recordings of the design process and answers from the in-

terviews as our data for analysis. 

A. Choice of subjects: The subjects were four graduate architecture stu-

dents who were familiar with hand sketching, Rhino 3D modelling, and 

Grasshopper. 

B. Experimental procedure: Each subject was given one day to com-

plete the limited media experiment. The subjects were allowed a maximum 

of 30 minutes of conceptual design for each part of the experiment, and were 

then interviewed and asked to complete a questionnaire. All drawings and 

computer models completed by the subjects were collected and used as data 

for further analysis. 

C. Data recording: The entire experiment was videotaped. Photographs 

were also taken to provide supplementary data. During the interviews, a 

monitor wrote down the answers that the subjects gave and collected the 

questionnaires. 

2.4. STEP 4: ANALYSIS. 

We completed our analysis according to the design factors introduced in step 

1. We analysed the supporting role of the different media within the context 

of the ideas expressed during the design process. 

3. The induction of design factors 

Based on the previous study (Liu & Lim, 2006; Lim, 2010), we decided to 

focus our research on the following ten design factors: 

 Goal: is the aim of design activities that satisfy the design brief.  

 Form: mainly transforms abstract conceptual thinking into simple 2D draw-

ings, which are further transformed into 3D models (Lim, 2010). 

 Function: is the action that an item is designed to perform. 

 Composition: is the description of the thought process regarding different 

graphic and material compositions based on the composition’s elements: 

point, line, plane, solid, and space (Ni, 2009). 
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 Scale: the "zooming" operation in CAD modelling can aid in the design of 

detail. The output of the CAM physical model aids in the design of scale 

(Lim, 2010). 

 Detail: is the description of the material characteristics of architectural con-

struction. It is also the formation of measurement, placing and making 

(Gregotti, 1983; Frascari,  1983) 

 Material: is the element that represents the formation and composition of ar-

chitectural construction (Semper, 1951). 

 Structure: is a concept, a unit or a process of transition of force. Structure is 

also a critical variable that influences tectonics (Sekler, 1965; Vallhonrat, 

1988) 

 Construction: is the realization of the structural concept. Construction is al-

so a hierarchical relational and logical process that places architectural ob-

jects in order from small to large (Sekler, 1965). 

 Digital fabrication: is the process of fabricating the design components and 

the method of construction with the aid of CAD/CAM technology (Lim, 

2010). 

4. Analysis of the cognitive experiment 

After conducting the limited media experiment, we collected the drawings’ 

data and analysed them. The following shows the detail of our analysis ac-

cording to their design outcomes. 

 Design Medium: Sketch (pencil and paper) 

 Design Topic: Bus stop 

 Design time: 15-20 minutes 

From the sketches (Figure 1), we notice that the design forms are more 

abstract and ambiguous. However the subjects use arrows, text annotations 

and some diagrams to represent various concepts very quickly. Besides sec-

tion plans, perspective drawings are used. People figures are used to show 

the scale of their designs. These representations (annotations, diagrams, sec-

tion drawings) clearly show design goal consideration, site condition and re-

lationships, function, and scale. 
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Figure 1. Concept sketches 

 Design Medium: Rhino  

 Design Topic: Observation Tower 

 Design time: 20 minutes 

Figure 2 shows the conceptual designs using the 3D modelling software 

Rhino. We notice that through the representation of 3D models design forms 

are very concrete even though they are only at the conceptual stage. They 

considered the possibility of circulation and view in the tower when creating 

the tower volume and use the zooming, rotate commands to inspect the spa-

tial relationship. All subjects only finished one design scheme due to the lim-
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ited experiment time and the amount of time consumed using 3D modelling. 

These geometric representations apparently helped the subjects contemplate 

the design’s goal, form, tower function and structure. 

 

Figure 2. Concept 3D models 

 Design Medium: Grasshopper 

 Design Topic: Washbasin 

 Design time: 20~30 minutes 

From Figure 3, we can see the Grasshopper definitions and its 

corresponding geometric designs. These are parametric geometric forms, 

which provide variable design forms. The subjects spent extra time solving 

the mathematical operation in Grasshopper definitions so we extended the 

experiment’s time so that they could complete their conceptual designs. 

They indicated that they had to think about specific design forms (more 

concrete) to start the computational operation. Operation and design thinking 

is very distinct when compared to the geometry oriented medium (3D 

modelling) as they need to start with a point, and then think about the control 

parameters. Once the Grasshopper components were connected -- although 

the forms were more complicated -- they were able to modify the forms 
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easily by changing the parameters and able to produce various design 

schemes. 

 

Figure 3. Concept Grasshopper parametric models 

The subjects compared how the three design media aided the ten design 

factors after the conceptual design process. Table 1 shows the results of the 

comparison, and we notice that the parametric design process was more 

successful than the other media in aiding conceptual form, composition, 

construction and fabrication. However its influence is less represented in 

function, detail, and material thinking. 



164 C. K. LIM 

Table 1. Comparison of the design factors aided by three media 

 Comparison of different media 
goal Sketch > Grasshopper > Rhino 
form Grasshopper > Rhino > Sketch 
function Rhino= Sketch > Grasshopper 
composition Grasshopper > Rhino > Sketch 
scale Rhino > Grasshopper > Sketch 
detail Rhino> Sketch > Grasshopper 
material Rhino> Sketch > Grasshopper 
structure Rhino > Grasshopper > Sketch 
construction Grasshopper = Rhino > Sketch 
fabrication Grasshopper > Rhino > Sketch 

From the answers to the questionnaire, we ascertained the effect between 

the different design media and the ten design factors. We discuss them in the 

next chapter. 

6. Conclusion 

After our experiment and analysis, when comparing how sketches, 3D mod-

elling and parametric design supports design factors during the conceptual 

stage, we present the results in Table 2. 

Table 2. How the different media support the ten design factors.   
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Sketch 5 3 5 3 3 3 2 1 1 1 
Rhino 4 4 3 5 4 4 5 4 3 4 
Grasshopper 4 5 1 4 5 4 4 5 4 5 

1: less help -  5:very helpful  

 

We brought to light the following phenomena when using parametric de-

sign tools (Grasshopper): 

 Drawings are not as intuitive because mathematical logic is required when 

drawing any geometric shape. 

 Most drawings started from points, then lines and planes were developed, all 

with good structure. 
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 It was easier to produce complicated design forms, and each element was 

systematized and easy to change. 

 The form changing process is continuous, and therefore it often produces un-

expected discoveries. It is also very helpful in the conceptual design stage, 

particularly in form finding. 

 The process of developing the design form can be clearly seen in the parame-

ters, and design thinking can be continuously recorded. 

We find that parametric design provided better assistance for the design 

factors during the conceptual design stage. Even though the use of paramet-

ric design focuses on logical operation and not intuition, it still supports 

many design factors, which makes it an important supportive design medium 

for effective conceptual design in the future of digital design. 

7. Limitations and further study 

The lack of experimental subjects was the main limitation of this research. 

The familiarity of using parametric media in the experiment is still 

insufficient. We hope that further study can provide more subjects and 

deeper analysis. 
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