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6 Andrew’s protocol 

Andrew is a practising designer and part-time university lecturer. When his protocol 

was recorded in May 2007 he had approximately seventeen years experience as a product 

designer, five of which were spent at IDEO. His degree in product design was gained at 

Central St Martin’s College of Art and Design. 

Andrew’s protocol was recorded in a workshop belonging to the university where he 

lectures on product design. 

 

 

 

 

Figure 6-1 design representations generated during this protocol 
 

Andrew’s protocol has many similarities to Miquel’s. During the course of it he also 

generated a number of initial sketches, followed by a template, and finishes off by making a 

blue foam model of his design proposal. Accordingly, this chapter has an identical structure 

to Miquel’s, and is divided into seven sections. 

The first section establishes the position of Andrew’s protocol in relation to the other 

three, while the second gives an overview of the kind, and number of design actions 

contained in it. The third section describes those actions which took place after the protocol 

had commenced, but before any shape generation actions were observed. The fourth and 

fifth sections lay out a full description of Andrew’s drawing and three-dimensional 

representation making actions, respectively, as a series of individual episodes. The sixth 

section completes the description of his protocol by giving an account of his actions after its 

conclusion. 

The final section provides an initial analysis of the data gathered in his protocol, 

covering the categorisation of design actions (6.6.1), mapping categories of design actions 

against algebras of shapes (6.6.2), the decomposition and embedding of shapes observed in 

the protocol (6.6.3), quantifying and comparing design actions (6.6.4), representational 
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constraints (6.6.5) and to what extent Andrew’s activities could be seen as designing three-

dimensional forms as opposed to drawing two-dimensional shapes (6.6.6). The initial 

findings from these strands are discussed in the endnotes (6.6.7). 

 

6.1 Andrew’s protocol in context 

Although Andrew’s protocol has many similarities to Miquel’s, it contains fewer 

instances of individual design representations, and fewer individual design actions. The 

design actions themselves also showed more use of indefinite, rather than combinatorial, 

decompositions in the transformations carried out on those design elements. 

As well as generating fewer instances of physical three-dimensional representations 

than in the previous protocol, most of the three-dimensional episodes in this protocol are 

also connected with a single ‘monolithic’ instance of a physical three-dimensional 

representation. The design actions carried out on this representation are also more often 

contained in the rightmost column of the array of algebras of shapes (containing U03, U13, 

U23 and U33) than those observed in Miquel’s protocol during the same one hour period. 

 

6.2 Summary of design actions observed in the proto col 

As in Miquel’s protocol, Andrew’s protocol also filled the sixty minutes allotted to it. It 

is however somewhat less involved as it contains a smaller number of discrete design 

actions. Of the two hundred and eleven observed in total, seventy one are contained in the 

initial drawing episodes, and one hundred and forty in the subsequent making episodes. 

Note that, unlike Miquel’s episode of template making, Andrew’s template making actions 

are divided into two consecutive episodes as they straddle both drawing and making. 

 

6.2.1 Drawing episodes 

The first seventy-one design actions, described in section 6.4: Drawing episodes, were 

carried out on four instances of two-dimensional design representations. These consisted of 

a full-size plan view, side elevation, handle cross-section and template of the side elevation. 
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As in Lynn’s protocol there is a substantial period of initial activity before any design 

representations are created. The time spent on drawing however is about half that of the two 

previous participants. Like Miquel’s protocol the drawing episodes contain only linear 

mark-making actions and no examples of the shading actions employed in Lynn’s protocol 

were observed here. 

Two main categories of design actions are however still present, create a mark and 

emphasise a mark. The subsidiary category, Annotate a mark, is not applicable here. 

New lines were created in actions A1 to A9, A12 to A15, A19 to A23, A25 and A26, A29 

to A36, A38 to A50, and A55 to A57. Some of these were subsequently overdrawn in actions 

A10 and A11, A16 to A18, A24, A27 and A28, A37, A51 to A54 and A58 to A71. There was 

only one example of the compound mark-making action that was observed in Miquel’s 

protocol (combining overdrawing an existing mark with creating a new one) in action A55. 

Where marks were overdrawn for emphasis this was normally applied to the whole of a 

previously applied mark. Often new marks were applied adjacent to existing ones and, 

while sharing their endpoints, were employed more in the fashion of parametric variations 

of an existing line rather than as an indefinite decomposition of it. The only example of an 

indefinite decomposition that fuses a number of existing lines is found in the previously 

mentioned action A55, where the lines that were drawn previously in actions A8 and A14 

are overdrawn, and linked, by a new element into a single curve. 

The novel feature (in these protocols) of overdrawing a line, but onto a new instance of 

a design representation (by placing a sheet of translucent paper over an existing drawing 

and tracing lines off it) can be found in the first template episode, in actions A58 to A71. 

 

6.2.2 Making episodes 

The remaining one hundred and ten design actions are contained in section 6.5: Making 

episodes which commences with further work on the template. 

As well as retaining the categories from the drawing episodes, Create a mark (draw a 

line) and Emphasise a mark (overdraw a line), Andrew’s making episodes also see the 

return of the category Create a mark (shade an area) that first appeared in Lynn’s protocol. 

Rotate/translate the representation to a new orientation, Cut (through a mark), Cut 
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(without a mark), Remove material and Join material (temporarily), also return from their 

first appearance Miquel’s protocol in these episodes. Join material (permanently) however 

is not applicable to any of the actions observed in Andrew’s protocol. 

As in Miquel’s protocol, any actions that straddle categories are marked with an asterisk 

* and are listed under the appropriate headings. 

Create a mark (draw a line) can be found in actions: A77-A78, A82-A83, A85, A89-A90, 

A92-A95, A109-A112, A151, A182-A184 and A186-A189. 

Create a mark (shade an area) can be found in actions: A191, A194 and A196 

Emphasise a mark (overdraw a line) can be found in actions: A84 and A102-A103. 

Rotate/translate the representation to a new orientation can be found in actions: A76*, 

A152, A190* and A193*. 

Cut (through a mark) can be found in actions: A72-A75 and A192. 

Cut (without a mark) can be found in actions: A114-A117. 

Remove material can be found in actions: A79-A81, A86-A88, A97-A100, A104-A107, 

A113, A118-A122, A125-A143, A145-A147, A149, A153-A165, A167-A174, A176-A179, 

A190*, A195, A198-A202, A204-A207 and A210. 

Join material (temporarily) can be found in actions: A76*, A91, A96, A101, A108, 

A123-A124, A143, A148, A150, A166, A175, A180-A181, A185, A193*, A197, A203, A208-

A209 and A211. 

 

6.3 Initial activities (00:00 – 07:53) 

 

Andrew’s first action of the protocol is to cut out a block of foam on the band saw. This 

will eventually become the final physical three-dimensional representation. Between this 

preparatory action, and undertaking his first design action, Andrew reads the design brief 

and photographs the supplied base model from above, side-on and end-on. He then attempts 

to load these images into his laptop (to be used in SolidWorks as backdrops to build a 

digital representation over) but is thwarted by the lack of a suitable lead at this point. 
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Begin End 

  

 

6.4 Drawing episodes (07:53 – 16:10) 

6.4.1 Full-size side elevation: first episode (07:5 3 – 09:36) 

 

 

 

Figure 6-2 the completed side elevation 
 

Andrew’s drawing activity commences with him establishing the outer envelope of the 

iron’s side profile, with four (maximal) lines drawn directly over one of the supplied full-

size side elevation drawings. The first two marks he makes (A1 and A2) are straight-line 

co-linear extensions of the right and left hand outline contours of the existing base, which 

extend some distance beyond the eventual profile. These are connected by a sloping third 

line (A3); representing the top of the handle and which, in turn, extend slightly beyond the 

first two lines. This is almost immediately accompanied by a fourth line (A4), drawn 

parallel to, and slightly above it. 

Although these lines are only lightly drawn, outline construction marks at this stage, it 

should be noted that Andrew still chooses to use a straight edge to guarantee their 

straightness when laying them out throughout this episode. 

 

Initial shape  

 

 

Action  Begin End 

A1 

 

�  
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A2 

 

�  

 

 

  

A3 

 

�  

 

 

  

A4 

 

�  

 

 

  

The next line (A5) is used simply to establish the thickness of the handle, and the height 

of its under surface above the base, without necessarily fully defining its extent. 

A5 

 

�  

 

 

  

 

 

Resultant shape 

     

In this first episode Andrew defines the maximum envelope of his design proposal, the 

thickness of its handle and the handle’s height above the base. 

 

6.4.2 Freehand perspective: first episode (09:36 – 10:52) 

 

At this juncture, although Andrew continues to work on the same sheet of paper, he 

stops working on the side elevation temporarily and turns instead to producing a rough 

freehand perspective view of the main features of his design proposal. 

 

Begin 

 

End  

 

Although the sketch shown here is the final version, and Andrew will return to work on 

it again in episode 6.4.4 (Freehand perspective: final episode – 11:31 – 11:45), it should be 

noted that it was substantially complete by the end of this first episode. 
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6.4.3 Full-size side elevation: second episode (10: 52 – 11:31) 

 

Having sketched out a rough perspective of his design proposal Andrew then returns to 

working on its side elevation, although now without the aid of a straight edge. 

The front edge of the handle opening is established with two lines. The first (A6), is a 

short constructional mark dropped vertically from the intersection of the lines created in 

actions A2 and A4 (which represented the upper profile of the handle), to the line parallel 

to, and immediately below it (which appears to be an optional position for the upper profile 

of the handle, and created in action A3). The longer line representing the forward edge of 

the handle opening (A7) then steps off from the intersection of the lower line created in 

action A3 with the short constructional mark created in action A6. 

 

Initial shape  

 

 

Action  Begin End 

A6 

 

�  

 

 

  

A7 

 

�  

 

 

  

The first radii are applied in actions A8 and A9. However, it should be noted that they 

vary markedly in their apparent function at this point: the line drawn in action A8 is used to 

connect two previously unconnected lines (the top line of the iron base and the line drawn 

in action A7), while that drawn in action A9 is a refinement of the connection implied by 

the intersection of the lines drawn in actions A5 and A7 instead. This subtle difference in 

the function of apparently identical marks is highlighted by Andrew’s next two actions (A8 

and A9) where he reinforces short sections of the lines drawn in actions A5 and A7, 

between the points where they connect with the radii drawn in actions A8 and A9, fusing 

them into a single line that connects the underside of the front edge of the handle opening 

with the upper side of the iron base. 
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A8 

 

�  

 

 

  

A9 

 

�  

 

 

  

A10 

 

�  

 

 

  

A11 

 

�  

 

 

  

Having established an initial solution for the front of the handle opening, Andrew’s 

attention now turns to establishing the outer side profile of the front of the iron. Initially he 

draws a construction mark (A12) parallel to the line drawn in action A2, and coincident 

with the intersection of the lines drawn in actions A4 and A6.  

A12 

 

�  

 

 

  

The line drawn in the subsequent action (A13), which is similar in function to that 

drawn in action A9 (although on a much larger scale), does not appear to be influenced by 

the line drawn in action A12. 

It is worth noting that, although the line created in the action below (A13) could be 

considered as a simple radius (connecting the two straight lines defining the forward and 

upper boundary of the side elevation), and was created very quickly with a few, unvarying 

over-traced strokes, it is perhaps the most distinctive part of the final design. Indeed after 

being drawn as an almost incidental act to connect two construction lines it becomes one of 

the few lines that remained completely unaltered, not only in the rest of the initial drawing 

phase of this protocol, but throughout the subsequent making episodes and is still present in 

the final outcome. 

A13 

 

�  
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This new curve is echoed in a modification (A14) of the radius drawn in action A9, to a 

flatter radius that no longer connects tangentially with the line drawn in action A7. The rear 

of the handle opening is then established with a line (A15) drawn parallel to that drawn in 

action A1, and with approximately the same offset from the outer perimeter of the body as 

the line (drawn in action A5) that established the handle’s thickness. To continue defining 

the outline of the handle opening, the part of the line drawn in action A1 between that 

drawn in action A5 and the upper side of the iron base is reinforced (A16), and the 

composite line that was established from the lines drawn in actions A5, A7, A8 and A9 is 

extended (A17) to connect with the line drawn in action A15 (where it crosses the line 

drawn in action A5). This defines the rearward extent of the under surface of the handle 

opening. 

A14 

 

�  

 

 

  

A15 

 

�  

 

 

  

A16 

 

�  

 

 

  

A17 

 

�  

 

 

  

Andrew’s attention for the last action in this episode returns to the upper front profile 

curve drawn in action A13, where he reinforces it drawing over it for a second time. 

A18 

 

�  

 

 

  

 

 

Resultant shape 
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This episode establishes the major features of the side profile of the iron (forward 

section, handle and heel), and reinforces the outer forward profile and the inner edge of the 

handle opening. 

 

6.4.4 Freehand perspective: final episode (11:31 – 11:45) 

 

Andrew returns briefly to the freehand perspective sketch that he started working on in 

section 6.4.2, and refines it a little further before turning to the task of producing a sketched 

cross-section of the handle. 

 

Begin 

 

End  

 

Although Andrew does have one more episode of three-dimensional perspective 

sketching in this protocol, on a view of the foot of the iron, this is the final work he 

undertakes on this particular perspective sketch. 

 

6.4.5 Full-size section: only episode (11:45 – 12:4 0) 

 

 

 

Figure 6-3 the completed full-size section 
 

Still working on the same sheet of paper as the side elevation and the freehand 

perspective sketch, in this episode Andrew examines a possible cross-section for handle of 

his design proposal (in actions A19 – A28). 

The results are very schematic, compared to the work on the side elevation (he assumes 

a simple, circular cross-section here that does not manifest itself in the physical, three-

dimensional representation of the iron), and appears to be an exploration of a possible 

grooved feature on the top of the handle. 
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 Initial shape   Action  Begin End 

  �  

 

 

  

A19 

 

�  

 

 

  

A20 

 

�  

 

 

  

A21 

 

�  

 

 

  

A22 

 

�  

 

 

  

A23 

 

�  

 

 

  

A24 

 

�  

 

 

  

A25 

 

�  

 

 

  

A26 

 

�  

 

 

  

A27 

 

�  

 

 

  

A28 

 

�  

 

 

  

  

Resultant shape 

     

A similar sequence of drawing initial construction outlines (actions A19, A22, A25 and 

A26), followed by short constructional marks (actions A20 and A21), and over-drawing 

segments of initially separate curves to create a new single composite curve (actions A24, 

AA27 and A28) that was observed in his work on the side elevation in sections 6.3.1 and 

6.3.3, can also be observed here. 
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6.4.6 Full-size plan view: first episode (12:40 – 1 2:54) 

 

 

 

Figure 6-4 the completed plan view 
 

At the beginning of this episode Andrew aligns the side elevation drawing above the 

plan view so that he can transfer salient points from it to the plan view. This is similar to an 

episode in Miquel’s protocol (5.4.10 Half-size side elevation: first episode), but here, 

instead of matching points from the half-size plan view to the half-size side elevation 

(where the side elevation and plan view were aligned orthogonally to one another on a 

single sheet of paper) by tracing out lines connecting points in the air above the drawing, 

Andrew literally connects lines on the relevant area of the plan view, using a pencil and 

straight edge. 

 

Initial shape  

 

 

Action  Begin End 

A29 

 

�  

 

 

  

A30 

 

�  

 

 

  

In actions A31 to A33 he uses the lines drawn in actions A29 and A30 to establish 

connections between the perimeter of the base and the forward end of the handle. These are 

then extended in actions A34 and A35 to establish both the handle’s width and its rearward 

extent. 

A31 

 

�  

 

 

  

A32 

 

�  
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A33 

 

�  

 

 

  

A34 

 

�  

 

 

  

A35 

 

�  

 

 

  

 
 

Resultant shape 

     

 

6.4.7 Full-size side elevation: third episode (12:5 4 – 13:16) 

 

Before fully establishing the handle profile in plan view, Andrew moves across to the 

side elevation to add a notional button detail (in action A36), and strengthens the 

modification to the connection of the forward end of the handle opening with the underside 

of the handle (in action A37) by reinforcing the radius previously applied in A14. 

 

Initial shape  

 

 

Action  Begin End 

A36 

 

�  

 

 

  

A37 

 

�  

 

 

  

  

Resultant shape  
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6.4.8 Full-size plan view: second episode (13:16 – 14:17) 

 

The furthest extents of the button detail are then transferred from the side elevation to 

the plan view in actions A38 and A39. Note that, although this is the final episode of mark-

making on this instance of the plan view, Andrew does work on a very small drawing 

(actually on a piece of masking tape) during a later episode in the middle of his work on the 

physical model. 

 

Initial shape  

 

 

Action  Begin End 

A38 

 

�  

 

 

  

A39 

 

�  

 

 

  

A short stroke is added in action A40 as a constructional aid for the button detail. 

A40 

 

�  

 

 

  

A41 

 

�  

 

 

  

Part of the radii which connect the front of body with the handle are refined in actions 

A42 and A43. 

A42 

 

�  

 

 

  

A43 

 

�  

 

 

  

Once again, construction lines are used (in actions A44 and A45) to transfer the extent 

of the handle opening from the side elevation to the plan view. 

A44 

 

�  
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A45 

 

�  

 

 

  

Connecting radii are now added, using these lines as guides, between the handle and the 

rear of the body in actions A46 to A48. 

A46 

 

�  

 

 

  

A47 

 

�  

 

 

  

A48 

 

�  

 

 

  

Another button detail is now added to the rear of the handle in actions A49 and A50. 

This appears to be an ‘orphan’ feature as it does not reappear at any point during the 

remainder of the protocol. 

A49 

 

�  

 

 

  

A50 

 

�  

 

 

  

Andrew now reinforces it, and elements of the lines which represent the handle grip 

area, in actions A51 to A54. 

A51 

 

�  

 

 

  

A52 

 

�  

 

 

  

A53 

 

�  

 

 

  

A54 

 

�  

 

 

  

 
 

Resultant shape 
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6.4.9 Full-size side elevation: final episode (14:1 7 – 14:37) 

 

The final work on the full-size side elevation consists of adding a new line connecting 

the underside of the handle opening with the foot (in action A55), and sketching a detail on 

the rear area of the iron (in actions A56 and A57). 

 

Initial shape  

 

 

Action  Begin End 

A55 

 

�  

 

 

  

A56 

 

�  

 

 

  

A57 

 

�  

 

 

  

  

Resultant shape 

     

 

6.4.10 Freehand perspective – second instance: only  episode (14:37 – 16:10) 

 

Andrew’s final actions in this section of the protocol consist of drawing a further 

freehand perspective view, this time showing a detail of a power socket which might be 

incorporated into the heel of the iron. 

 

Begin End 
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6.4.11 Template: first episode (16:10 – 17:48) 

 

 

 

Figure 6-5 the template (traced over original side elevation) 
 

As was mentioned previously, (in section 6.2: Summary of design actions observed in 

the protocol) the template episodes straddle the drawing and making sections of Andrew’s 

protocol. The first episode has been placed in the ‘Drawing episodes’ section, as it consists 

of tracing over the previous side elevation drawing to transfer lines from that drawing to a 

fresh sheet of paper. As in the example of Miquel’s earlier freehand sketches, this also 

entails an action that has no left-hand shape. 

 Initial shape   Action  Begin End 

A58 

 

�  

 

 

  

A59 

 

�  

    

A60 

 

�  

    

A61 

 

�  

    

A62 

 

�  

    

A63 

 

�  

    

A64 

 

�  

    

A65 

 

�  
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A66 

 

�  

    

A67 

 

�  

    

A68 

 

�  

    

A69 

 

�  

    

A70 

 

�  

    

A71 

 

�  

    

   

Resultant shape 

     

 

6.5 Making episodes (17:48 – 60:00) 

6.5.1 Template: final episode (17:48 – 21:26) 

 

The same sheet of paper is used in the first actions of the making section of this 

protocol, when the perimeter of the upper section of the template is cut through with four 

scalpel strokes (in actions A72 to A75). This is sprayed with adhesive and stuck (in action 

A76) to the foam blank created previously in section 6.3: Initial activities. 

 

Initial shape  

 

 

Action  Begin End 

A72 

 

�  
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A73 

 

�  

    

A74 

 

�  

    

A75 

 

�  

    

A76 

 

�  

    

Andrew then draws a new line directly onto this template (in action A77) that he will 

use as a guide later (in action A86) when he subsequently removes waste material from 

inside the handle area. 

A77 

 

�  

 

 

  

At this juncture he holds his hand over the template and models a gripping action 

directly over the handle area drawn on it, as a form of ergonomic assessment. 

 

  

He now draws a further line directly onto the template, modifying the lower outline of 

the button detail. 

A78 

 

�  

 

 

  

 

  

Resultant form 
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6.5.2 Physical model – side elevation: first episod e (21:26 – 24:06) 

 

 

 

Figure 6-6 the completed physical model 
 

Andrew then establishes the outer perimeter of the foam model, in side elevation, in 

actions A79 to A81. 

 

Initial form  

 

 

Action  Begin End 

A79 

 

�  

 

 

  

As the first action (A79) is used to create a mating face with the iron base model, 

Andrew takes a moment to assess the underside profile created in it by holding it against 

the iron base model. 

 

  

Actions A80 and A81 are used to complete the outer perimeter by establishing heel 

angle and upper side profile. 

A80 

 

�  

 

 

  

A81 

 

�  

 

 

  

 

  

Resultant form 
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6.5.3 Three-dimensional drawing: first episode (24: 06 – 25:40) 

 

A centreline is then drawn on the curved face created by action A80 (in action A82), 

and carried round to the flat face made in action A81 (in action A83). One of the earlier 

lines (drawn in action A69) is reinforced in action A84, and a new line (which will act as a 

guideline for the cut made subsequently in action A87) is added in action A85. 

 

Initial form  

 

 

Action  Begin End 

A82 

 

�  

 

 

  

A83 

 

�  

 

 

  

A84 

 

�  

 

 

  

A85 

 

�  

 

 

  

 

  

Resultant form 

     

 

6.5.4 Physical model – side elevation: second episo de (25:40 – 30:22) 

 

The side profile of the handle opening is established with actions A86 to A88, utilising 

the two guidelines laid down previously in actions A77 and A85. Note that a new line of 

the bottom edge of the rear section of the iron is formed by the cut made in action A88. 
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Initial form  

 

 

Action  Begin End 

A86 

 

�  

 

 

  

A87 

 

�  

 

 

  

A88 

 

�  

 

 

  

 

 

Resultant form 

     

 

6.5.5 Three-dimensional drawing: second episode (30 :22 – 32:13) 

 

Further lines are drawn (in actions A89 and A90) on the curved surface created in action 

A81. These are offset either side of the line drawn in action A82 to establish the handle 

width. 

 

Initial form  

 

 

Action  Begin End 

A89 

 

�  

 

 

  

A90 

 

�  
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The base model is offered up to the foam blank once again (in action A91), and the 

outline of its curved profile is marked onto the mating face of the foam blank in actions 

A92 to A96. 

A91 

 

�  

 

 

  

A92 

 

�  

 

 

  

A93 

 

�  

 

 

  

A94 

 

�  

 

 

  

A95 

 

�  

 

 

  

A96 

 

�  

 

 

  

 

  

Resultant form 

     

 

6.5.6 Physical model – plan view: first episode (32 :13 – 33:10) 

 

To ensure that the cuts made in actions A98, A100, A105 and A106 will be vertical, i.e., 

strictly orthogonal to the plan view, the foam blank is replaced (in action A97) in the off-

cut piece created by action A81. Action A98 is the first step in roughing-out the front right 

plan profile. 
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Initial form  

 

 

Action  Begin End 

A97 

 

�  

 

 

  

A98 

 

�  

 

 

  

Andrew now removes the template from the foam blank in action A99. 

A99 

 

�  

 

 

  

The roughing-out of the forward end is then completed with another cut in action A100. 

A100 

 

�  

 

 

  

 

  

Resultant form 

     

 

6.5.7 Three-dimensional drawing: third episode (33: 10 – 33:31) 

 

Before making similar cuts to the rear of the iron, Andrew replaces the base model on 

the blank and reinforces the marks made in actions A94, A95, A102 and A103. 

 

Initial form  

 

 

Action  Begin End 

A101 

 

�  
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A102 

 

�  

 

 

  

A103 

 

�  

 

 

  

A104 

 

�  

 

 

  

 

  

Resultant form 

     

 

6.5.8 Physical model – plan view: second episode (3 3:31 – 34:32) 

 

The rear plan profile is now roughed-out (in actions A105 and A106), and the off-cut 

piece, created by action A81, is removed again in action A107. 

 

Initial form  

 

 

Action  Begin End 

A105 

 

�  

 

 

  

A106 

 

�  

 

 

  

A107 

 

�  

 

 

  

The foam model is replaced on the base in action A108. 

A108 

 

�  
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Resultant form 

 

 

6.5.9 Three-dimensional drawing: fourth episode (34 :32 – 34:56) 

 

The lines establishing the width of the handle, drawn earlier in actions A89 and A90 are 

connected by further, curving lines to the edges of the curved surface created in action A81. 

Rather than connecting tangentially to the perimeter, as the lines drawn in the plan view in 

actions A31 to A33 did, these meet it perpendicularly instead. 

 

Initial form  

 

 

Action  Begin End 

A109 

 

�  

 

 

  

A110 

 

�  

 

 

  

The lines drawn onto the top surface of the foam blank, in actions A111 and A112, 

depart even further from the preceding ones drawn in actions A46 toA48. Whereas the 

earlier lines sprang tangentially from the handle, and connected perpendicularly with the 

sides, these are now straight lines instead that connect the end points of the handle lines 

with the rear edge of the upper surface, rather than its sides. 

A111 

 

�  

 

 

  

A112 

 

�  
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The foam blank is then removed from the base in preparation for removing material 

from either side of the handle area in plan view. 

A113 

 

�  

 

 

  

 

  

Resultant form 

     

 

6.5.10 Physical model – plan view: third episode (3 4:56 – 38:24) 

 

Before removing any of this material, Andrew has to make a number of preparatory cuts 

first. It is noticeable that only those made in actions A120 and A121 follow the guiding 

marks made previously. 

 

Initial form  

 

 

Action  Begin End 

A114 

 

�  

 

 

  

A115 

 

�  

 

 

  

It is at this point that what can be seen as a ‘constructability’ constraint drives the 

generation of the form, as Andrew is unable to cut the lines drawn on the top surface 

without also cutting into its lower part. He instead cuts the lines illustrated below, in actions 

A116 and A117, which reach perpendicularly in from the edge of the foam block to the 

lines establishing the handle’s width (drawn in action A89 and A90). 

A116 

 

�  
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A117 

 

�  

 

 

  

A118 

 

�  

 

 

  

A119 

 

�  

 

 

  

A120 

 

�  

 

 

  

A121 

 

�  

 

 

  

A122 

 

�  

 

 

  

A123 

 

�  

 

 

  

The foam blank is then replaced on the base model once more, and masking tape is used 

to preserve its upper profile (as well as to hold these two elements together firmly) while 

the forward section of the foam blank is shaped in the next episode. 

A124 

 

�  

 

 

  

 

 

Resultant form 
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6.5.11 Physical model – three-dimensional: first ep isode (38:24 – 46:37) 

 

Actions A125 to A131 then establish and refine the compound-curved surfaces of the 

forward end of the iron. 

 

Initial form  

 

 

Action  Begin End 

A125 

 

�  

 

 

  

A126 

 

�  

 

 

  

A127 

 

�  

 

 

  

A128 

 

�  

 

 

  

A129 

 

�  

 

 

  

A130 

 

�  

 

 

  

A131 

 

�  

 

 

  

Action A132 is used to refine the width of the handle grip area on the left-hand side, 

while action A133 removes material from the connecting face of the forward element. It 

does this by blending tangentially from it, following an arc that eventually makes a 

perpendicular connection with the outer edge. 
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A132 

 

�  

 

 

  

A133 

 

�  

 

 

  

Actions A134 to A136 are then used to create similar connections on the right-hand side 

of the body. 

A134 

 

�  

 

 

  

A135 

 

�  

 

 

  

A136 

 

�  

 

 

  

The compound curved surfaces on the front face are further refined in actions A137 and 

A138. 

A137 

 

�  

 

 

  

A138 

 

�  

 

 

  

The curved connecting surfaces (created in actions A132 and A134) at the front of the 

grip area are also refined further in action A139. 

A139 

 

�  

 

 

  

The tape that holds the foam blank to the base model is cut through in action A140, and 

the foam blank is separated from it once again, so that it can be shaped further with the 

band-saw. Slanting cuts which are not strictly aligned to any of the orthogonal axes 

(although closest to the end elevation) are then made to rough out the beginning of the rear 

compound-curved surfaces in actions A141 and A142. 
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A140 

 

�  

 

 

  

A141 

 

�  

 

 

  

A142 

 

�  

 

 

  

The foam model is replaced on the base (in action A143) and a new piece of tape is laid 

over the previous layer to secure it in place again in action A144. The sharp corners left by 

actions A141 and A142 are then removed in actions A145 and A146. 

A143 

 

�  

 

 

  

A144 

 

�  

 

 

  

A145 

 

�  

 

 

  

A146 

 

�  

 

 

  

Andrew then blends the whole length of the model’s left-hand side in action A147. 

A147 

 

�  

 

 

  

He appears to be about to do the same to the right-hand side, but abandons this action 

and adds the tapered piece that was created as an off-cut in action A86 to the assembly 

instead. 

A148 

 

�  
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A148 

 

�  

 

 

  

He pauses at this juncture to ergonomically assess the handle. 

 

  

He also runs his finger around the sharp edge on the underside of the handle. 

 

  

He then picks up a piece of glass-paper and moves it into position over the right-hand 

side of the assembly, but abandons this action also before removing the tapered piece from 

the assembly in action A149. Once again he moves the glass-paper into position over the 

right-hand side of the model, and once again he abandons this action before once more 

replacing the tapered piece in action A150. 

A149 

 

�  

 

 

  

A149 

 

�  

 

 

  

A150 

 

�  

 

 

  

A150 

 

�  

 

 

  

 

  

Resultant form 
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6.5.12 Three-dimensional drawing: sixth episode (46 :37 – 46:49) 

 

Having replaced the tapered piece in action A150, Andrew now uses it as a guide to 

mark its height against the forward end of the model. 

 

Initial form  

 

 

Action  Begin End 

A151 

 

�  

 

 

  

 

  

Resultant form 

     

 

6.5.13 Physical model – three-dimensional: second e pisode (46:49 – 52:56) 

 

As well as preparing a sheet of glass-paper for finer work, by tearing it up into smaller 

pieces, Andrew also moves the triangular element slightly to the left of its normal location 

in action A152. 

 

Initial form  

 

 

Action  Begin End 

A152 

 

�  

 

 

  

He then refines the front connecting curve, created in action A134, and further refines 

the rear compound curved surface created in action A141. 

A153 

 

�  
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A154 

 

�  

 

 

  

He now defines, and refines, the plan profile of rear of grip area (in actions A155 and 

A156). This is another example of an emergent shape, which was not anticipated by those 

previously drawn in the plan view or on the top surface of the model. 

A155 

 

�  

 

 

  

A156 

 

�  

 

 

  

The compound curved area at the rear left-hand side is then refined once more, and the 

triangular element temporarily removed again, in action A157. 

A157 

 

�  

 

 

  

A158 

 

�  

 

 

  

A159 

 

�  

 

 

  

Action A160 is used to apply similar conditions to the plan profile of rear connecting 

curve on the left-hand side and, in a compound action, to refine the front connecting curve 

on that side as well. 

A160 

 

�  

 

 

  

Actions A161 to A165 then generally clean up the forward compound curved surfaces, 

and blend the rear surfaces into compound curved surfaces. The triangular piece is returned 

to the assembly once more in action A166. 



Form Generation in Design 

 

221

A161 

 

�  

 

 

  

A162 

 

�  

 

 

  

A163 

 

�  

 

 

  

A164 

 

�  

 

 

  

A165 

 

�  

 

 

  

A166 

 

�  

 

 

  

Both layers of masking tape are finally removed from the upper profile in action A167. 

A167 

 

�  

 

 

  

Radii are then applied on the edges which connect the front compound curved surfaces 

with the vertical faces of the handle opening (on the right-hand side) in action A168, and 

the front right-hand side compound curved surface is sanded lightly in action A169. The 

triangular piece is removed again, in action A170, and both forward compound curved 

surfaces are refined in action A171. Finally the foam model is removed from the base in 

action A172 to allow the underside of the handle area can be worked on. 

A168 

 

�  

 

 

  

A169 

 

�  
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A170 

 

�  

 

 

  

A171 

 

�  

 

 

  

A172 

 

�  

 

 

  

Radii are then established on the inner edges of the left-hand side of the handle in 

actions A173 and A174, and the foam model is replaced on the base again in action A175. 

The whole upper surface of the model is then further refined in actions A176 and A177 

before the model is removed from the base once again in action A178. The underside of the 

handle is further refined in action A179, and the base and triangular element are reunited 

with the foam model in actions A180 and A181 respectively. 

A173 

 

�  

 

 

  

A174 

 

�  

 

 

  

A175 

 

�  

 

 

  

A176 

 

�  

 

 

  

A177 

 

�  

 

 

  

A178 

 

�  
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A179 

 

�  

 

 

  

A180 

 

�  

 

 

  

A181 

 

�  

 

 

  

 

  

Resultant form 

     

 

6.5.14 Three-dimensional drawing: final episode (52 :56 – 53:05) 

 

In this episode Andrew returns temporarily to drawing and establishes the extent of a 

button on the front upper surface with three marks made directly onto the foam model, in 

actions A182 to A184. He then applies a strip of masking tape over them in action A185, 

which he uses to transfer the outer two of the three marks drawn on the model in actions 

A186 and A187. 

 

Initial form  

 

 

Action  Begin End 

A182 

 

�  

 

 

  

A183 

 

�  

 

 

  

A184 

 

�  
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A185 

 

�  

 

 

  

A186 

 

�  

 

 

  

A187 

 

�  

 

 

  

An elliptical shape is then drawn between the higher mark (drawn in action A186) and 

the middle mark on the foam model (drawn in action A182). A sigma shaped mark is added 

in action A189 to connect the elliptical mark made previously with the lowest mark made 

on the tape in action A188. This marked piece of tape is then removed from the model 

assembly in action A190. 

A188 

 

�  

 

 

  

A189 

 

�  

 

 

  

A190 

 

�  

 

 

  

 

  

Resultant shape 

     

 

6.5.15 Full-size plan view: final episode (53:05 – 54:31) 

 

The figure of eight shape drawn in the previous episode is now roughly shaded with a 

light blue marker pen (in action A191), and this shaded area cut out from the tape in action 

A192. The resulting shape is temporarily re-applied to the model, in action A193, and 

shaded with a marker pen once more, this time in situ, in action A194. 
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Initial shape  

 

 

Action  Begin End 

A191 

 

�  

 

 

  

A192 

 

�  

 

 

  

A193 

 

�  

 

 

  

A194 

 

�  

 

 

  

This shape is removed from the model assembly once more, in action A195, shaded 

with a marker pen for a third time (in action A196), and finally replaced on the model in 

action A197. 

A195 

 

�  

 

 

  

A196 

 

�  

 

 

  

A197 

 

�  

 

 

  

 

  

Resultant form 
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6.5.16 Physical model – three-dimensional: final ep isode (54:31 – 60:00) 

 

Andrew begins the final episode of the protocol by continuing to refine its forward 

compound curved surfaces in actions A198 to A200. He also removes the triangular 

element from the assembly temporarily, in action A201, to modify its upper surface. 

 

Initial form  

 

 

Action  Begin End 

A198 

 

�  

 

 

  

A199 

 

�  

 

 

  

A200 

 

�  

 

 

  

A201 

 

�  

 

 

  

In action A202 Andrew scallops the forward end of the triangular element, before 

returning it to the assembly once more in action A203. 

A202 

 

�  

 

 

  

A203 

 

�  

 

 

  

The final actions of the protocol involve the temporary removal of the tape (in action 

A204), and disassembly of all the elements (in action A206) to allow overall refinement of 

shape of the foam model. Actions A208 and A209 reunite the foam model with the base 

and the triangular element respectively. Andrew’s final act of the protocol is to replace the 

masking tape representation of a button on the model in action A211. 
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A204 

 

�  

 

 

  

A205 

 

�  

 

 

  

A206 

 

�  

 

 

  

A207 

 

�  

 

 

  

A208 

 

�  

 

 

  

A209 

 

�  

 

 

  

A210 

 

�  

 

 

  

A211 

 

�  

 

 

  

 

  

Resultant form 

     

 

6.6 Endpoint of the protocol 

As in Miquel’s protocol, Andrew also spends the period immediately after the end of 

the protocol ergonomically assessing his design proposal by emulating its action on the 

table surface. 
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6.7 Discussion and analysis 

The sequence of representation use in Andrew’s protocol is similar to that found in 

Miquel’s. Andrew also generated a series of sketches, followed by a physical three-

dimensional representation.  

The most notable difference between Andrew’s protocol and the preceding two is that 

he devotes approximately half the amount of time they did to sketching design proposals. It 

also contains far fewer instances of individual design representations (and fewer individual 

design actions) than Miquel’s protocol. Most of the three-dimensional episodes in this 

protocol are instead connected with working on a single ‘monolithic’ instance of a physical 

three-dimensional representation, rather than on a modular assembly of separate elements. 

The design actions themselves are more often contained in the rightmost column of the 

array of algebras of shapes (containing U03, U13, U23 and U33) than Miquel’s were during the 

same one hour period. They also showed a greater use of indefinite, rather than 

combinatorial, decompositions in the transformations carried out in them. 

As in Lynn’s protocol, there is a substantial period of initial activity before any design 

representations are created. These include cutting a block of foam roughly to size, reading 

the design brief and photographing the supplied base model in plan view, side and end 

elevations. Andrew intended to load these images into his laptop so that they could be used 

as backdrops to build a digital representation over. He eventually abandons this plan due to 

the lack of a suitable lead to transfer them from his digital camera with. 

 

6.7.1 Categorising design actions 

Two hundred and eleven discrete design actions were observed in this protocol. Seventy 

one are contained in the initial drawing episodes and the remaining one hundred and forty 

in the subsequent making episodes. 

The drawing episodes themselves contain only linear mark-making actions and no 

examples of the shading actions (such as those employed in Lynn’s protocol) were 

observed here. They are carried out on three separate instances of two-dimensional design 

representations which consisted of a full-size plan view, full-size side elevation and a full-

size template derived from the side elevation. 
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The use of constructional marks that was noted in both Lynn’s and Miquel’s protocols 

is also present, but here Andrew often generates his by explicitly transferring 

correspondences between views. This can be seen at the beginning of the first episode on 

the full-size side elevation, in section 6.4.6, where he aligns the side elevation drawing 

above the plan view to enable him to transfer salient points from it to the plan view. This is 

similar to an episode in Miquel’s protocol (5.3.10 Half-scale side elevation: first episode). 

Instead of matching points from view to view as Miquel did, by tracing out lines ‘in the air’ 

above the drawing, Andrew literally traces out lines on the relevant area of the plan view 

using a pencil and straight edge. 

The novel feature (in these protocols) of overdrawing a line, but onto a new instance of 

a design representation (by placing a sheet of translucent paper over an existing drawing 

and tracing lines off it) can be found in the first template episode, in actions A58 to A71. 

The template episodes in Andrew’s protocol are notable as they are divided here into two 

consecutive sections. This proved to be necessary as, because of the nature of the design 

actions contained in them, they straddle both the drawing and making sections of the 

protocol. 

In turn, the drawing actions associated with making the template also appear to straddle 

the categories Create a mark (draw a line) and Emphasise a mark (overdraw a line). A case 

could be made for classifying them as a new compound category, Create a mark (overdraw 

a line). However, as their function here is simply to transfer shapes between representations 

of different spatial degree (and no new shapes are generated by these actions) this seems an 

unnecessary multiplication of categories. The categories of drawing actions that remain 

applicable to this protocol therefore are: 

 

·  Create a mark (draw a line) 

·  Emphasise a mark (overdraw a line) 

 

New lines were created in actions A1 to A9, A12 to A15, A19 to A23, A25 and A26, A29 

to A36, A38 to A50, and A55 to A57. Some were subsequently overdrawn in actions A10 

and A11, A16 to A18, A24, A27 and A28, A37, A51 to A54 and A58 to A71. In action A55 
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there is a single example of a compound mark-making action (previously observed in 

Miquel’s protocol) which combines overdrawing an existing mark with creating a new one. 

On those occasions when marks were overdrawn for emphasis this was normally 

applied to the whole of a previously applied mark. New marks were also often applied 

adjacent to existing ones and, while sharing their endpoints, were employed more in the 

fashion of parametric variations of an existing line rather than as an indefinite 

decomposition of it. The only example of an indefinite decomposition that fuses a number 

of existing lines is found in the previously mentioned action A55. Here, the lines drawn in 

actions A8 and A14 are overdrawn and linked (by a new element) into a single curve. 

The remaining one hundred and ten design actions are concerned with creating a blue 

foam model. They commence with the second half of the work on the template. 

As well as retaining the categories from the drawing episodes, Create a mark (draw a 

line) and Emphasise a mark (overdraw a line), Andrew’s making episodes also see the 

return of the category Create a mark (shade an area) that first appeared in Lynn’s protocol. 

Rotate/translate the representation to a new orientation, Cut (through a mark), Cut 

(without a mark), Remove material and Join material (temporarily), also return from their 

first appearance Miquel’s protocol in these episodes. Join material (permanently) however 

is not applicable to any of the actions observed in Andrew’s protocol. 

The complete class of design actions observed in the making episodes of Andrew’s 

protocol therefore fall into one or more of the following categories: 

 

·  Create a mark (draw a line) 

·  Emphasise a mark (overdraw a line) 

·  Create a mark (shade an area) 

·  Rotate/translate the representation to a new orientation 

·  Cut (through a mark) 

·  Cut (without a mark) 

·  Remove material 

·  Join material (temporarily) 
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As in Miquel’s protocol, any actions that straddle categories are marked with an asterisk 

* and are listed under the appropriate headings. 

Create a mark (draw a line) can be found in actions: A77-A78, A82-A83, A85, A89-A90, 

A92-A95, A109-A112, A151, A182-A184 and A186-A189. 

Create a mark (shade an area) can be found in actions: A191, A194 and A196 

Emphasise a mark (overdraw a line) can be found in actions: A84 and A102-A103. 

Rotate/translate the representation to a new orientation can be found in actions: A76*, 

A152, A190* and A193*. 

Cut (through a mark) can be found in actions: A72-A75 and A192. 

Cut (without a mark) can be found in actions: A114-A117. 

Remove material can be found in actions: A79-A81, A86-A88, A97-A100, A104-A107, 

A113, A118-A122, A125-A143, A145-A147, A149, A153-A165, A167-A174, A176-A179, 

A190*, A195, A198-A202, A204-A207 and A210. 

Join material (temporarily) can be found in actions: A76*, A91, A96, A101, A108, 

A123-A124, A143, A148, A150, A166, A175, A180-A181, A185, A193*, A197, A203, A208-

A209 and A211. 

 

6.7.2 Mapping categories of design actions against algebras of shapes 

Andrew’s actions in the drawing episodes, as they consist wholly of either Create a 

mark or Emphasise a mark (overdraw a line), are of course contained in the algebras of 

shapes U12 and W12. They are, however, distributed across all three spatial axes (X, Y and 

Z). The majority of Andrew’s initial work is undertaken on the side elevation (Y axis), 

although there are short excursions into two freehand perspective views (6.4.2, 6.4.4 and 

6.4.10) and a schematic end elevation view (Z axis) of the handle’s cross-section. 

When Andrew begins to draw on the plan view (X axis) he does so by aligning the 

previously drawn side elevation directly above it to transfer salient points from this view to 

the plan. After marking the points at which the forward end of the handle opening meets the 

base and the handle itself (and sketching in tangential connections between these elements 

in the plan view), Andrew returns to the side elevation. This alternation between the plan 
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view and side elevation is then repeated once more before a final episode on the side 

elevation alone. 

What is significant here is that, at all times, the side view drives the plan view and not 

vice versa. Shapes drawn in U12 (Y axis) and W12 (Y axis) drive those drawn in U12 (X axis) and W12 

(X axis). There is also no attempt to connect the shapes drawn in U12 (Z axis) and W12 (Z axis) with 

the other two views. They appear as an entirely separate and isolated enterprise from the 

rest of the design effort. 

Transferring shapes between representations occurs once more when Andrew prepares a 

template from the side elevation drawing. After the novelty of creating a separate template, 

rather than cutting it directly from the drawing, Andrew’s template goes through the same 

sequence of algebras of shapes as Miquel’s did in the previous protocol. It is transferred 

from U12 (Y axis) (lines on a plane in side elevation) to U23 (Y axis) (a planar surface that can be 

transformed in three-dimensional space) via a series of scalpel strokes through the lines 

drawn on the template in W12 (Y axis). Finally, it is transferred to U22 (Y axis) (a planar surface on 

a planar surface) when it is stuck to the foam block that will eventually become the three-

dimensional representation. 

Andrew’s actions, when cutting the side profile represented by the outline of this block 

in actions A79 to A81 and A86 to A88 (as they are essentially planar extrusions of it in 

depth) are contained in U23 (Y axis). Similar actions are carried out in the plan view, U23 (X axis), 

in A98 to A100, A105 and A106, A114 to A122, A132 to A136, A155 and A156, A160 

and A161. 

A noticeable difference between this and Miquel’s protocol is that a large number of 

Andrew’s making actions are contained in the same transformational space as the intended 

outcome of the design process. Actions A125 to A131, A137 to A154, A157 to A159, 

A162 to A181 and A198 to A210 are carried out in U33. 

 

6.7.3 Decomposition and embedding of shapes 

Andrew applies a number of indefinite decompositions to the marks he makes in the 

drawing episodes. These come in two types: emphasising segments of individual lines and 

joining previously separate lines with new elements. Examples of both can be seen in 
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actions A10 and A11 where elements of the maximal lines, created in A5 and A7, are 

reinforced to create a single embedded line that flows through the two radii in actions A8 

and A9. 

Indefinite decompositions are also a feature of the making episodes. The majority of the 

actions observed in this period were concerned with subtracting material from a rectangular 

blue foam block to transform it into a flowing compound-curved surface. The combinatorial 

decompositions that were observed were mostly concerned with joining and removing this 

foam block from the supplied base model. 

A unique decomposition (in the protocols analysed for this thesis) is contained in action 

A97, where the off-cut removed by action A81 is temporarily replaced. Although this is a 

combinatorial decomposition it is noteworthy in that it is both additive and associated with 

transformational spaces. The function performed by replacing this off-cut is to allow 

Andrew to cut to the lines transferred from the supplied base model in strict plan view, U23 

(X axis), despite the curved upper surface applied to the block in A81. 

  

6.7.4 Quantifying and comparing design actions 

In the drawing episodes there are two transformations that could be classed as lateral or 

generative transformations. The first is contained in action A13 when Andrew first 

establishes the curved connections between straight lines that typifies the remainder of his 

drawing actions. The second is contained in the final actions of the drawing episodes, A56 

and A57, which establish a new element at the rear of the iron. This new element, however, 

does not reoccur in either the subsequent template or in the final three dimensional 

representation. 

The nature of some of the vertical (developmental) transformations observed in the 

drawing episodes in this protocol resemble that previously observed in Lynn’s protocol in 

action L46. This was described as a parametric variation of a connection between lines. 

Similar examples can be found here in actions A14, A42 and A43, and A55. 

In the subsequent making episodes however there are a number of transitory shapes 

which appear in the process of making that three-dimensional representation. Their 

transitory nature means that it is debatable whether they can be claimed as lateral 
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transformations as such. They do however represent a source of additional and 

unanticipated shapes and, as they are tied up with the representational constraints of the 

medium, they are discussed in the following section. 

 

6.7.5 Representational constraints 

Implicit tangential constraints are present in many of Andrew’s drawing actions. In 

action A13 he fuses two of the perimeter lines (previously drawn in actions A2 and A3) 

with a third curving line. Here, although a portion of the upper line drawn in A3 remains, 

practically all that is left of A2 is its endpoint and the tangential connection that the curving 

line drawn in A13 makes with it. 

The cuts made in the blue foam model, in actions A114 to A122, show that the 

tangential connection that is often present in Andrew’s drawings and sketches tends to be 

replaced by other connection conditions when he switches to generating a representation of 

a higher spatial degree. In Andrew’s protocol the tangential constraint suggested by 

drawing linear elements is often modified, or even completely replaced, by the 

constructional constraints imposed by making a three-dimensional representation. 

The plan profile of the rear of the handle is continuously modified from that generated 

(in the two-dimensional drawing) by actions A44 to A48. As initially drawn these lines 

connect perpendicularly with the sides of the model. However the marks drawn 

subsequently in this area, this time directly onto the model in actions A111 and A112, 

connect obliquely with its base instead. Constructional constraints then lead to a lateral 

transformation of the rear of the handle’s plan profile, in actions A116 and A117, when the 

cuts made in them connect perpendicularly with the sides of the model instead. At this 

juncture, because of the constraints of the tools available to Andrew to shape his physical 

representation, he is unable to cut the lines drawn on the top surface without also cutting 

into the lower part of the form. Instead, after a number of intermediate shaping processes, 

he uses a series of straight cuts, in the plan view, to allow him to remove waste material 

from either side of the handle in a step-wise fashion. 

The same sequence is found in the generation of the plan profile at the front of the 

handle. Here the connection constraints applied to the marks made in the drawing, in 
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actions A31 to A33 (tangency to the outside perimeter as well as the handle), are modified 

to perpendicular ones on the outside perimeter in actions A109 and A110 (while retaining 

tangency with the handle) when Andrew first draws this profile onto the model. 

Finally, constructional constraints transform the solution once more when Andrew 

makes the initial cuts to shape the plan profile in actions A114 and A115. The 

perpendicular constraint between the mark made on the model, between it and the outside 

perimeter, is now transformed to an oblique one in these actions. The tangential constraint 

between that mark and the handle is kept in a vestigial form, however, by a small radius 

connecting the straight line cut of the front of the handle’s plan profile and the handle itself. 

It appears that switching away from sketching on a particular instance of a 

representation occurs because its affordances are not supplying suitable information, and 

different kinds of information are therefore sought from other views, or other kinds of 

design representation. Sometimes the constraint of working with linear elements on a two-

dimensional surface with fixed line weights is what is required. Sometimes the affordances 

of a physical object are too great. An example of the latter can be seen when Andrew lifts 

the tape outline of the button off the model to work on it in two dimensions. It would 

appear that the three-dimensional representation is too rich in its affordances for Andrew at 

this point. 

 

6.7.6 Designed forms, or drawn shapes? 

The preceding section shows clearly that many of the shapes generated in the two-

dimensional representations are either not transferred to the three-dimensional one, or may 

not be realisable due to constructional constraints if they are. Although the plan view curves 

connecting the handle area to the forward part of the model resemble those drawn in shape 

rules A31 to A35, their connection to the plan outline is perpendicular rather than 

tangential. The curves generated by shape rules A46 to A53 are completely superseded by 

those in shape rules A111 and A112, and A116 and A117. 
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6.7.7 Endnotes 

Compounding the potential confusion over defining the later episodes is the observation 

that, unlike the earlier drawing episodes where more than one instance of a design 

representation was employed, Andrew’s three-dimensional episodes contained only one 

instance of a design representation which instead underwent a series of continuous 

modifications in the course of his protocol. 

It is this difficulty in defining these three-dimensional episodes that, rather than being 

viewed as a shortcoming of the particular taxonomy employed here, can be seen instead as 

an indication of the ambiguity involved in either mapping a two-dimensional onto a three-

dimensional one, or in co-creating the form of that design proposal alongside making an 

initial three-dimensional representation of it. 

Returning to the step-wise cuts observed in actions A114 to A123, just as there may be 

transitional emergence in physical making (see Figure 2-4) there are also transitional marks 

made in drawing. This class of marks is often associated with transferring shapes from one 

view to another: from features in another view, from features in the same view, or for 

establishing planes of symmetry for example. There are also constructional surfaces (which 

may give rise to transitional emergence) which are used to re-frame the problem, step-by-

step, and so to arrive at a solution. These constructional marks or constructional surfaces, as 

they do not appear in the final object, would of course not necessarily be available to an 

enquiry which attempts to recreate the generative process from the end result alone. 

The lateral transformations associated with the changes of design representation 

observed in this protocol appear to be precipitated by: 

 

·  The addition of constraints peculiar to the new design representation medium 

that were not present in the old one (thereby reducing the size of the existing 

solution space) 

·  The relaxation of constraints that were present in the old medium but are not in 

the new one (leading either to an enlargement of the existing solution space or 

a transformation to a new solution space) 

·  A combination of the two (with multiple permutations of enlarging, reducing 

or transforming design solution spaces.)  



Form Generation in Design 

 

237

 

Akin (2001) notes that: ‘Design, due to the ill-defined nature of the task, elicits spurious 

problem re-structurings, and frequent shifts between representations.’ The lateral 

transformations visible in Andrew’s work on the physical representation come about, in 

part, because of the incommensurability of two-dimensional representations with three-

dimensional orthogonal ones, and three-dimensional orthogonal with fully three-

dimensional ones. Perhaps there is a new category of transformation here, i.e. forced 

transformations caused by the different constraints and affordances available to the 

designer when switching media. If so the shapes generated by this transformation would be 

additional ones to those already generated by employing two-dimensional and three-

dimensional design representations separately. 

In Andrew’s and Miquel’s protocols the two-dimensional and three-dimensional 

representations employed were purely physical ones. In the following protocol, where a 

virtual three-dimensional representation is employed that straddles these two-dimensional 

and three-dimensional worlds, there is an opportunity to observe how these transformations 

work when applied across physical and virtual representations. 
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