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Abstract. Parametric design environments potentially offer an inno-
vative way of generating new architectural design ideas. Despite this 
potential, architectural design activities associated with algorithmic 
scripting in parametric environments are not well understood. This 
paper presents a method using linkography for analysing protocol data 
derived from cognitive activities which occur during parametric de-
sign. To construct the linkographic analysis, this paper highlights de-
sign processes consisting of four ‘moves’: (i) introducing geomet-
ric/algorithmic ideas, (ii) creating algorithmic components, (iii) modi-
fication activities and (iv) evaluation activities. Drawing on data from 
a previous study of design cognition in parametric environments, the 
paper demonstrates the application of linkography to capturing the re-
lationship between scripting and idea generation. The paper concludes 
with a discussion of the use of linkography and of the way it has been 
applied to interpret the results of a small but detailed study of algo-
rithmic scripting practices in parametric design. 
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1. Introduction 

One often-overlooked property of parametric design is that it offers an inno-

vative way of generating new architectural design ideas using a combination 

of topological relationships and algorithmic design rules or ‘scripts’. Past 

research (Holzer et al, 2007; Oxman, 2008; Turrin et al, 2011) into paramet-

ric design environments has tended to focus on the importance of perfor-

mance modelling, design decision-making and optimisation, while only a 

few studies (Iordanova, 2007; Lee et al, 2013a) have considered parametric 

design’s generative capability and role in supporting creativity. The results 



134 J. H. LEE, N. GU AND M. J. OSTWALD 

of this second group of studies suggest that parametric environments facili-

tate divergent thinking in such a way as to potentially enhance creativity 

(Lee et al, 2013a; b). To further explore the latter dimension, the present 

paper uses linkography in the context of architectural design activities asso-

ciated with algorithmic scripting in parametric design environments. 

Linkography is a method for recording, visualising and analysing connec-

tions between actions, ideas or events. In design research it has been used to 

map the idea-generation process (Goldschmidt, 1990; 1995) and Van der 

Lugt (2000) argues that it is useful for understanding the relationship be-

tween the creative qualities of ideas and their level of integration in the de-

sign process. Kan and Gero (2008) have also used ‘entropy’ to interpret 

linkographic results, claiming that ‘forelink’ entropy measures reflect idea 

generation opportunities, whilst ‘backlink’ entropy measures relate to oppor-

tunities associated with enhancements or responses. While this past research 

has highlighted the potential of linkography in exploring design cognition 

generally, it has not yet been applied to parametric environments.  

The present paper analyses the processes undertaken by two designers 

who, as part of a previous study using protocol analysis, produced works that 

were highly rated, in terms of their creativity, by a panel of expert judges 

(Lee et al, 2013a; b). Design outcomes are not the focus of this paper, in-

stead this paper demonstrates that linkography can be used to support the 

interpretation and understanding of the cognitive processes used by design-

ers working with parametric tools.  

The paper starts by introducing an approach to constructing a linkograph 

for parametric design. Thereafter, the paper uses linkographs to interpret the 

actions of the two participants in the previous study. Because the focus of 

the paper is on the use of linkography to interpret cognitive design data, the 

method for collecting the data (protocol analysis and coding) is not described 

in detail. Similarly, the relative strengths and weaknesses of various ap-

proaches to recording design data are beyond the scope of the present paper. 

In both cases, references are provided which contains full descriptions of the 

data collection approach used by the authors and of its application.  

2. Protocol analysis using linkography 

Protocol analysis (Akin and Lin, 1995; Suwa et al, 1998) is a common ap-

proach used in design research to explore cognitive activities and behav-

iours. In protocol analysis a recording is made of a design process and the 

actions and behaviours of the designer are coded for analysis. The strength 

of protocol analysis is that it meticulously records and classifies many hun-

dreds of actions taken by a designer. However, such is the extent of this data, 
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which even a small study can be difficult to analyse. In contrast, linkography 

is a graphical and topographic analysis technique that is used to investigate 

how one idea interlinks with another idea (Goldschmidt, 1990; Goldschmidt 

and Tatsa, 2005; Kan and Gero, 2008). The combination of these two tech-

niques potentially allows for a better means of analysing and visualising the 

complex data developed through protocol analysis. In the present context, 

the use of linkography is demonstrated, along with its results, in a study of 

the relationship between idea generation and creative design processes as 

demonstrated in the behaviours of architects working in parametric environ-

ments. 

The primary means by which a link (the base element in a linkograph) 

can be derived from protocol data is through the application of a coding 

scheme which identifies explicit connections. For example, Jones (1992) 

identifies three categories – analysis (An), synthesis (Sy), and evaluation 

(Ev) – in the design process and Lee et al. (2013b) use these three for analys-

ing cognition in parametric environments. Adopting these categories as a 

starting point, the relationships between them could be considered to consti-

tute defined design ‘moves’ or ‘links’, which can eventually be used to con-

struct a linkograph. Each of these three categories has two sub-levels of be-

haviour in a parametric environment; geometry (_g) and algorithm (_a). The 

distinction between the two levels allows for capturing the two main aspects 

of parametric design, geometric modelling and algorithmic scripting (Lee et 

al, 2013a). The algorithm level of behaviour also distinguishes physical de-

piction (Sy_a) from generative synthesis (Sy_v). This is because past evi-

dence suggests that generative links may better support creativity in para-

metric design. The seven codes are summarised in Table 1. 

Table 1. Coding scheme for capturing design activities in parametric design  

Category level Code Description 

Analysis 

 

Geometry An_g Introduce geometric ideas  

Algorithm An_a Introduce algorithmic ideas 

Synthesis Geometry Sy_g Create/Change directly geometries 

Algorithm Sy_a 

Sy_v 

Create/Change algorithms 

Make variations or generate forms 

Evaluation 

 

Geometry Ev_g Evaluate geometries 

Algorithm Ev_a Evaluate algorithms (parameters or rules) 

 

The challenge of objectively constructing a linkograph has been well docu-

mented in the field. Kan and Gero (2008) indicate three critical procedures 

for deriving a linkography from protocol data: segmentation, linking and 
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analysis. Starting with the first of these three, a segment or ‘move’ is a step, 

act, or operation which transforms a design situation (Goldschmidt, 1995). 

Making a link between two segments or moves is both time consuming and 

often dependent on personal experience. For example, sketches and tran-

scripts have been used in previous design studies to guide the identification 

of links (Figure 1a). Van-der-Lugt (2000) has proposed various indicators 

for links in addition to identifying similarities in content which can improve 

their reliability. He has also categorised links into three types: supplemen-

tary, modification and tangential. Perttula and Sipilä (2007) have identified 

another system consisting of three types of links: 

 ‘Parts sharing’: primary parts of examples used in a follow-up concept. 

 ‘Same principle’: a follow-up concept that is based on the same overall prin-

ciple as an example. 

 ‘Modification’: a follow-up concept which is a minor modification of an ex-

ample at the embodiment level. 

While these alternative link identification procedures have been devel-

oped to overcome the problem of working with protocol data, one of the 

critical factors of algorithmic scripting in parametric design environments is 

that they necessarily involve connections. For example, ‘algorithmic scripts’ 

(Figure1b) which act as a blueprint of parametric design and as a design aid 

(Cai et al, 2010), effectively define design moves and links. Of equal im-

portance is that scripting or coding activities are regarded as a channel for 

creativity and a means of representing design ideas (Salim and Burry, 2010).  

By coding the design behaviours implicit in algorithmic scripts 

linkography can be used to study four significant moves in parametric design: 

(i) introducing geometric/algorithmic ideas, (ii) creating algorithmic compo-

nents (as an unit), (iii) modification activities and (iv) evaluation activities. It 

will also be noted that three of these have clear parallels to the link types 

identified by Van-der-Lugt (2000) and Perttula and Sipilä (2007). 

 

   a. A sketch (Kan and Gero, 2008)                           b. Algorithmic scripts using Grasshopper 

Figure 1. Sketch and algorithmic scripts 
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3. Results 

The present paper uses a sub-set of the data derived and published from a 

study of architectural designers working in a commercial parametric design 

environment (Lee et al, 2013a). Each designer independently participated in 

a one-hour session performing a parametric design task to a given brief - a 

conceptual design of a high-rise building. Each session was video-recorded. 

The protocol data was segmented into ‘moves’ that were then coded. While 

the overall results of the study where reported elsewhere, and the linko-

graphic results and method are described hereafter, the two designers’ be-

haviours could be categorised as follows.  

One designer (S1) utilised Grasshopper, as the graphical scripting editor, 

whilst the other (S3) used a text-based scripting editor (Python). S1 tended to 

produce more activities on the geometry level than S3 and S1 adopted a 

problem-driven strategy while S3 followed a solution-driven strategy. In 

terms of their design outcomes, S1 planned a basic box-type mass at the ear-

ly design stage and then focused on designing a complex exterior skin. S1 

considered the given design brief and introduced geometry-related ideas at 

the beginning, middle and end of the protocol. S1 also sequentially decom-

posed the problem into geometry-related sub problems and then algorithm-

related sub problems. This is similar to ‘the explicit problem-decomposing 

strategy’ (Ho, 2001). In contrast, S3’s sub problems followed the generation 

of solutions, using a so-called ‘agent-based approach’ to generate an animat-

ed point cloud for the design. S3 started by loading reference scripts and 

kept changing the scripts (or partly inserting his scripts) to explore and real-

ise his ideas.  

3.1 LINKOGRAPHY 

The linkography analysis is constructed around four distinct moves: intro-

ducing geometric/algorithmic ideas, creating algorithmic components (as a 

unit), modification activities, and evaluation activities. These correlate to 

Goldschmidt’s (1995) ‘link-intensive’ or ‘critical moves’ (CM). CM also 

serves as a sound, and arguably the best, indicator of productivity.  

The two designers generally started by considering the design brief be-

fore considering ideas which respond to the brief at both the geometry and 

the algorithm levels. These were coded as ‘An_g’ and ‘An_a’ in the present 

study. These moves result in CMs (forelinks) that earn their designation. 

A critical aspect in parametric design is algorithmic components, or a set 

of components, as an algorithm unit. Figure 2 shows examples of algorithm 

units, and the sequence of those algorithmic components or units with num-

bering. Using linkography it is possible to identify algorithmic components 



138 J. H. LEE, N. GU AND M. J. OSTWALD 

or units and their sequence in parametric design, when designers create and 

change parameters and/or rules, on both the graphical or text-based scripting 

editors. The algorithmic units in Grasshopper (used by S1) also show clear 

graphical links between components or units (see the ‘spaghetti links’ in 

Figure 2a). In the case of Python (used by S3), a group of related scripts that 

were created or modified together, are defined as a unit. Each numbered unit 

can be then linked to adjacent units within a programming module. 

 

a. Graphic-based scripts - Grasshopper (S1)            b. Text-based scripts - Python (S3) 

Figure 2. Algorithmic components/units and their connectivity 

The moves that are identified as modification activities are those which 

occur when designers revisit and change certain algorithmic units. A move 

that designers use to modify an algorithmic unit is linked to the original 

move that creates the unit. This process forms a CM (forelink). Many algo-

rithmic units in parametric design are related to such modification activities. 

The number of algorithmic units can also be an indicator of productivity in 

parametric design, although there can be exceptions. For example, whilst S1 

produced 46 units during 48 minutes (about 1 unit per min), S3 only pro-

duced 23 units during 1 hour 41 minutes (0.23 unit per min). This can also 

be interpreted as that S1 made new rules sequentially, while S3 tended to 

change existing rules. Therefore, it is not necessarily true that S1 had a high-

er productivity than S3. 

The final type of significant move in parametric design is the ‘evaluation 

activity’, which can form ‘backlinks’ recording the path of generating the 

move. A move wherein designers evaluate geometries in the 3D view is of-

ten linked to all previous ‘Synthesis’ moves before ‘evaluating geometries 

(Ev_g)’. By contrast, the ‘evaluating algorithms (Ev_a)’ move is often only 

linked to the moves related to the algorithmic units being evaluated. ‘Evalu-

ating geometries (Ev_g)’ are dominant activities in both protocols. Because 

parametric design may generate unexpected solutions, what is generated 

must be evaluated in terms of both the geometries and the scripts. 

Figure 3 shows the linkography of the two design sessions. S1 demon-

strates a design strategy starting with analysis (An_g and An_a) on both the 
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geometry and algorithm levels before creating rules and then ending with 

evaluation (Ev_g) on the geometry level. Conversely, S3 often starts by syn-

thesis (Sy_a) and generation (Sy_v) on the algorithm level. S3 then evaluates 

and revisits the algorithmic units. S3’s approach may be related to a particu-

lar way of trouble-shooting or the so-called ‘solution-driven’ strategy of 

design. These four moves in the parametric design process through algorith-

mic scripting were used to produce the linkography. The next section pro-

vides a statistical analysis of the generated linkography. 

 

 

Figure 3. Linkography of the two design sessions 

3.2 STATISTICAL ANALYSIS OF LINKOGRAPHY 

The total number of design moves undertaken by S1 and S3 were 220 and 

363, respectively. However, S1’s link index (2.75) is marginally higher than 

S3’s (2.68). Table 2 shows the critical moves with more than five, six and 

seven links within the two design sessions. The percentages over the total 

number of the critical moves (%CM) in S1’s protocol are higher than S3’s 

protocol. The link index and these figures listed in Table 2 imply that S1’s 

design session may be more productive than S3’s session, according to the 

rationale of (Goldschmidt, 1995; Kan and Gero, 2008). 
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Table 2. Critical moves with more than five, six and seven links within the two design ses-

sions 

 Link CM5 (CM5 %) CM6 (CM6 %) CM7 (CM7 %) 

S1 Forelinks 43 (19.5 %) 38 (17.3 %) 32 (14.5 %) 

Backlinks 18 (8.2 %) 8 (3.6 %) 6 (2.7 %) 

Total 61 (27.7 %) 46 (20.9 %) 38 (17.3 %) 

S3 Forelinks 51 (14.0 %) 43 (11.8 %) 38 (10.5 %) 

Backlinks 25 (6.9 %) 9 (2.5 %) 2 (0.6 %) 

Total 66 (20.9 %) 50 (14.3 %) 37 (11.0 %) 

Table 3. Critical moves (CM5) in different cognitive levels of the two design sessions 

 Cognitive 

levels 

Analysis  Synthesis  Evaluation 

Geometry Algorithm Geometry Algorithm Geometry Algorithm 

S1 Forelinks 15 10 0 18 0 0 

Backlinks 0 0 0 9 7 2 

Total 25 (41.0 %) 27 (44.3%) 9 (14.8%) 

S3 Forelinks 10 10 0 31 0 0 

Backlinks 0 0 0 3 19 3 

Total 20 (26.3 %) 34 (44.7%) 22 (28.9%) 

 

Table 3 records the critical moves (CM
5
) in different cognitive levels of 

the two design sessions. S1’s design session has a higher percentage in the 

analysis category than S3’s session, 41.0 against 26.3, whereas S3 has a 

higher percentage in the evaluation category than S1, 28.9 against 14.8. This 

result seems to be caused by the different design strategies used: problem-

driven strategy (S1) versus solution-driven strategy (S3). This suggests that 

critical moves identified by linkography might also be used to characterise 

cognitive design activities in parametric design environments. 

As a further analysis of the linkography results, this paper adopts the pro-

cess of measuring forelink and backlink entropy described by Kan and Gero 

(2008). Entropy (H) is the average information per symbol in a set of sym-

bols (On/Off) with apriori probabilities. Table 4 shows the results of entropy 

calculations of the two design sessions. Both sessions show that backlink 

entropy is higher than forelink entropy. Backlink entropy measures the op-

portunities according to enhancements or responses (Kan and Gero, 2008). 

This suggests that design activities in parametric environments may focus on 

responding to or restructuring existing components. 

Table 5 records the entropy per move of the two design sessions. Since 

the duration of two design sessions is different, the entropy per move allows 
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the differences between the two sessions to be captured. Notably, all figures 

of S1’s protocol are higher than S3’s. However, the percentage over the total 

cumulative entropy per move indicates that S3’s design activities show a 

different design strategy which highlights the opportunities relating to back-

link and horizontalink entropy. The total cumulative entropy agrees with the 

results of each individual link index. For comparing design sessions with 

different durations, the entropy per move measure can be more effective for 

interpreting the results. 

Table 4. Entropy of the two design sessions 

 Forelinks total H Backlinks total H Horizontalinks total H Cumulative total 

S1 35.43 52.56 14.16 102.15 

S3 36.18 62.07 16.18 114.43 

Table 5. Entropy per move of the two design sessions 

 Forelinks H Backlinks H Horizontalinks H Cumulative total 

S1 0.161 per move 

(34.7%) 

0.239 per move 

(51.5%) 

0.064 per move 

(13.9%) 

0.464 per move 

(100%) 

S3 0.100 per move 

(31.6%) 

0.171 per move 

(54.3%) 

0.045 per move 

(14.2%) 

0.315 per move 

(100%) 

4. Discussion and Conclusion 

In the parametric design process, design solutions are evolved through ex-

tensive iteration and regeneration by modifying parameters and rules (algo-

rithms). Past research suggests that such specific design patterns and strate-

gies can enhance the quality or creativity present in a design. This paper 

demonstrates that linkography has the potential to support the exploration of 

these design activities in parametric design processes. While the findings are 

consistent with those of a previous study (Lee et al, 2013b), the new visual 

and statistical analysis enables a better understanding of the architectural 

design process using algorithmic scripting. In particular, the generated links 

indicating the relationships between algorithmic components (or units) ena-

ble us to study how ideas and outputs are evolved. The approach taken in 

this paper highlights four key design moves that have enabled us to easily 

identify links for constructing linkography. 

Once the linkography has been constructed a series of statistical analysis 

techniques can be used to provide an in-depth way of characterising architec-

tural design activities using algorithmic scripting. With a small sample size, 

this paper cannot draw detailed conclusions but the statistical analysis sug-
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gests that this technique has great potential for understanding designers’ 

behaviours in parametric environments. A follow-up study will increase the 

number of samples used to further verify and extend the framework. 
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