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7 Peter’s protocol

Peter is a product designer who now specialisethéndesign and manufacture of
artificial prostheses. His fourteen years in prsi@sal design include working for Dyson,
while his professional qualifications comprise a BAfine art (sculpture) and an MA in
product design from the Royal College of Art. Hi®focol was recorded in his normal

workplace in March 2008.
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Figure 7-1 design representations generated durinidis protocol

Peter's protocol, like Miquel's and Andrew's befoig commences with two-
dimensional sketching and finishes with a threeetigional representation. His chapter
therefore has an identical structure to theirs, iarmhce again divided into seven sections.
Peter, however, producesvatual three-dimensional representation instead of aiphlys
one as the final outcome of his protocol. The meffect of his choice of a virtual
representation here is to produce a protocol with distinctly different forms of drawing
in it; one physical, and one virtual. As creatihgstthree-dimensional virtual representation
also requires a substantial amountvisfual drawing the previously well-defined division
that exists between drawing and making in Miqueltel Andrew’s protocols is not so
apparent here.

The first section of this chapter therefore essdigls the position of Peter’s protocol in
relation to the others, while the second gives\armaew of the kind, and nhumber of design
actions contained in it. The third section desaiti®se actions which took place after the
protocol had commenced, but before any shape gemeractivity was observed. The
fourth and fifth sections then lay out a full degtion of Peter's drawing and three-
dimensional representation making actions respagtivihe sixth section completes the

description of his protocol with an account of &idions immediately after its conclusion.
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The final section contains an initial analysis bé tdata gathered by Peter’'s protocol,
covering the categorisation of design action$.(l), mapping categories of design actions
against algebras of shap&sf(2, the decomposition and embedding of shapes obdernv
it (7.6.3, quantifying and comparing design actio’s6(4), representational constraints
(7.6.5 and to what extent Peter’s activities could bensas designing three-dimensional
forms as opposed to drawing two-dimensional shgpes§. The initial findings from

these strands are laid out in the endnofe& 7).

7.1 Peter’s protocol in context

Peter was the only participant to create a virtegresentation in the series of design
protocols recorded for this enquiry. In the processreating his design representations he
employs both physical andrtual two-dimensional drawing, andrtual three-dimensional
making.

Although both Miquel and Andrew combine drawing andking in their protocols, as
these are carried out on physical representatioas dre inevitably limited in the Boolean
operations they can employ. In both protocols they restricted to additive operations
during the drawing episodes and subtractive onesglthe making ones. While Peter also
physically makes marks on a sheet of paper duiimintiial drawing episodes, he employs
both virtual drawing and making in the subsequeneso By employing a virtual
representation he was able to utilise both addaivesubtractive Boolean operations when

creating his two-dimensional shapes and three-diioeal forms.

7.2 Summary of design actions observed during the p rotocol

Two hundred and sixty-three discrete design actiamse observed in total in this
protocol. One hundred and forty-eight drawing adidand three making actions) are
contained in the drawing episodes, while the remgirighty-nine making actionsaiid
twenty-three drawing actions) are contained inrttaking episodes. This curious mixing of
drawing and making comes about because of the enaifirthe virtual representation

employed. As Peter used SolidWorks, a feature-baseametric modeller which creates
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solid three-dimensional features from two-dimenalasketches, his virtual representation
making activities inevitably encompass both drawamgl making. A reasonable division
has been drawn between the drawing and makingdgsdoere by selecting the point when

he creates the first three-dimensional solid ofdaisign representation in action P152.

7.2.1 Drawing episodes

The drawing actions are split between sketchingaper and drawing in CAD. They
are made on three separate instances of a phy®ehland side elevation sketch and one
instance of a virtual three-dimensional represé@mat

As in Miquel and Andrew’s protocols there are oekamples of linear mark-making to
be found in this protocol. The total period spent the drawing episodes is roughly
equivalent to that spent on the making episodes.

Create a markand emphasise a marlre present once again in the physical drawing
actions. The majority of these wereeate a markand can be found in actiofd to P16,
P24, P26to P29, P31, P33to P35 P38andP39, P41lto P55 P57to P64, P66to P70, P72
P74t0 P78 P80to P83andP85to P90,

Emphasise a mark can be found in actiBtg andP18 P25 P30, P32 P36 andP37,
P40, P56, P65 P71, P73 P79 P84andP9l1

Create a markis also present in the virtual drawing episoded @njoined by a new
class of actionparametrically alter a mark

Create a marlcan be found in the virtual drawing actidd@2 andP93 P98 P106and
P107 P109 P115toP119 P121, P131 P133andP134 P14Q P141andP147.

Parametrically vary a markan be found in virtual drawing actioR84to P97, P99to
P105 P110to P112 P12Q P122to P13Q P132 P135to P139 P142to P146andP148to
P151

The three anomalous virtual making actions conthinghese virtual drawing episodes
are P108 P113 and P114 which respectively extrude the drawn elementsoira tthree-

dimensional solid, trim that solid and apply a wsdio one of its corners.
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7.2.2 Making episodes

The remaining one hundred and twelve actions awe,td the nature of the feature-
based solid modeller that Peter employs to make virtual three-dimensional
representation with, composed of a combination lo$aly relateddrawing and making
actions. As a result botbreate a markand parametrically vary a markare also found
throughout the virtual making episodeRotate/translate the representation to a new
orientationis another action in common with the previous @cots which features heavily
throughout this one. The new classes of desigomactquired to complete the descriptions
of the activity observed in this protocol areeate a virtual solidcreate a solid feature
extrude into a solid featurgparametrically vary a featureselect/de-select a featusnd
suppress/unsuppress a feature

Actions P213to P217 are concerned only with manipulating a printedsiar of the
side elevation over the supplied base model.

Create a marlcan be found in actiori3156, P18%o P191, P199, P211, P221, P233,
P239, P25andP256.

Parametrically vary a markan be found in actiori8168, P222 to P226, P23d P236,
andP240 to P249.

Create a virtual soliccan be found in actior®l52andP257.

Create a solid featurean be found in actiorig154, P182, P187, P198, P262P210,
P212, P2180 P220, P227, P237, P260, P268dP263.

Extrude into a solid featurean be found in actiori8157, P178 and P192.
Parametrically vary a featurean be found in actiori8153, P1580 P166, P168, P176
andP177, P17%0 P181, P184, P19% P197, P201, P228 to P230, P238, P251 to P255,

P258, P25%nd P261.

Select/de-select a featuoan be found in action8155, P170to P175, P183, P186

P188, P200, P23andP232.

Suppress/unsuppress a feataem be found in actior3167andP169.
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7.3 Initial activities: (00:00 — 00:42)

'|’] 1 ! ! |
Peter’s initial activities consist solely of reaglithe design brief and examining the

supplied drawings and model base.

7.4 Drawing episodes (00:42 — 25:56)

7.4.1 First freehand side elevation: first episode (00:42 — 01:14)

0 18 0 45 [ ]

| 1 | I I |

Figure 7-2 the completed first freehand side elevimn

The first lines drawn in Peter’'s protocol are usedeproduce a schematic version of
the supplied base model in actions P1 to P8. R édurse equivalent to M1 and M7 in

Miquel’s protocol and, as the first line drawn im @b initio sketch, it lacks an initial shape

to act on.
Initial shape Action
P1
P2 7
P3 / .
P4 /,_,‘7___
P5 _ i ‘
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The lines subsequently drawn in actions P9 to R&%uaed to trace out an initial side
elevation profile for the body itself. They proceeda strictly step-wise fashion, from the
forward end of the base to its rear.

This is notable as, at this point (and for mosthaf duration of the protocol), Peter’s
design proposal does not connect the upper hamdim@ter to the base at its rear end. In
all the preceding protocols the upper perimetethefiron has connected these points (as

implicitly required by the design brief) and thendée opening has been added as a separate

element.
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Resultant shape

7.4.2 Second freehand side elevation: first episode (01:14 — 03:10)

O —

Figure 7-3 the completed second freehand side eléiom

The second freehand elevation does address thitcghong noted in episode 7.5.1
however. As in the previous sketch, the first attimes not have an initial shape to act on

and the earliest lines are employed to recreathansatic version of the base (in actions

P20 to P25).
Initial shape Action Begin End
P20
/

P21

/
P22

= TS
P23
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P24
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Actions P26 to P28 establish the upper perimetea fiashion that would satisfy the

requirements of the design brief. Actions P29 td Bi&n establish most of the perimeter of

the handle opening within this element.
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The lines drawn in actions P35 to P43 are then wrawv investigate different
decompositions of these elements (in particulag amther decompositions of the side

elevation (in general).
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Actions P44 to P46 are apparently intended to ssea dial on the upper surface of

the handle: immediately after these three acti@ierRuvrites the word ‘dial’ above them.

Ll

This in turn is followed by modelling the actiontbe dial’s movement with his thumb.

IR IR
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Action P47 confirms this supposition when a circidiement is drawn within the three

lines drawn in actions P44 to P46 to representlifie or, more properly, a thumb-wheel.

s e

Peter then models the action of pressing a buttoneathe drawing.

YRV 3

This is followed by the four marks made in actié?8 to P51 which produce a small
rectangular element immediately adjacent to thentiwwheel. This presumably is a steam

button which is intended to be operated while grigghe iron.

Pae @L
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Resultant shape
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7.4.3 First freehand side elevation: second episode (03:10 — 04:22)
16 0 45 80
T - | | ! |
Peter now returns to his first freehand side elemadnd adds a circular element, similar
to that drawn in action P47 in action P52 in theosel freehand side elevation. Actions P53
to P55 are then employed to produce the upper-tjuaegers of the rectangular element,

once again similar to that drawn previously on Hszond freehand side elevation (in

actions P48 to P51).
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Initial shape
/§\
Action
o

P52 @\

VA —",
P53 @

P\
P54 @

P\
P55
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Peter then adds marks illustrating idealised spsying from the front of the iron (not
shown here for clarity) and adds the annotatiosgtay’, ‘dial’ and ‘steam button’ above

the drawn elements they refer to.

Actions P56 to P65 add lines that investigate a npper line to the lower part of the

body and more decompositions of the side elevajarerally.

P59 /% =
P60 \

i
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P61 /@ ‘
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Resultant shape

7.4.4 Third freehand side elevation: first episode (04:22 — 04:30)

SN S N —

=\

Figure 7-4 the completed third freehand side elevain

The third freehand side elevation begins with dithimg a schematic outline of the
base in actions P66 to P69. However, after thre@tige lines to establish the forward

edge of the upper body, Peter puts down his péncixamine the supplied model of the

base.
Initial shape Action End
N .
P66 =
B &
P67 =
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Resultant shape

7.4.5 Iron base model: first episode (04:30 — 04:40 )

Peter assesses the supplied base model visualtpetildly before returning to the third

freehand side elevation.

End

7.4.6 Third freehand side elevation: second episode (04:40 — 05:42)

| o I I I |

Peter’s first action, on returning to the thirdehand side elevation, is to reinforce the
three line segments drawn in actions P70 to P7@vieydrawing them with a single stroke

in action P73.
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Initial shape

Action

/

P73

g
A,

Returning to the drawing, Peter establishes thele&nperimeter in actions P74 to P78.
The elliptical element drawn in action P76 is preably intended to suggest a circular
cross-section for the handle, rather than beindc@ide of a feature of the handle’'s

perimeter itself.
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P85

The line drawn in action P85 is the first of thaséended to decompose the side
elevation generally, as in the previous two drawintgowever, before continuing to draw,

Peter annotates the area to the right of thisviite the word ‘bigger’.

P86

P87

P88

P89

P90 A J\ii\ s

P91

T
N
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Peter follows this decomposition by making anngtatnarks representing water in this

new element and writes the word ‘water’ above anthe left of it.
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The line drawn in action P91 is notable as it & final physical drawing action in this

protocol. The next drawing action, P92, is undestak a virtual representation instead.

e

Resultant shape

7.4.7 Virtual representation: initial activities (0  5:42 — 06:10)
0 15

Peter sets up a new project in SolidWorks to cresteirtual representation in.

7.4.8 Iron base model: second episode (06:10 — 06:2 0)

SN SR —

|

He then assesses the supplied FDM base modeldecand time, before returning his

attention to creating a virtual version in Solid\War

End

7.4.9 Virtual plan view: first episode (06:20 — 06:

57)

Figure 7-5 the completed virtual representation

The firstvirtual shape Peter produces in this protocol occurs weetraws one half of
a plan outline in SolidWorks.
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Initial shape Action Begin End

P92 T ’: ; . ‘- E g ‘-
R o

The increasing confidence in certain lines, oraiarparts of a design proposal, which
was noted in the descriptions of the previous it is also visible here. Rather than
overdrawing a line, as a way of reinforcing its ickeovisually, however, two distinctly
virtual processes are employed here instead. Tdgrgm that Peter employs, SolidWorks,
automatically adds constraints to design featuseh as lines, line end-points, surfaces and
surface edges, for example, as well as allowingdésigner to add them manually when
desired. The initial action to create the plan viawve invokes this automatic application
of constraints when Peter places the starting pmiirthe curve, the left-hand end of the
curve shown below, at the intersection of two @& tiefault construction planes. By doing
so he ensures that the left-most end-point of ¢hise is constrained to movement solely
along the intersection of these two planes i.may only be moved from left to right, rather
than being free to move vertically (in relatiorntih@ screen) during any subsequent editing.

Another automatically applied constraint is attathe the line drawn in action P92.
Here, after being prompted by the appearance @fdaisory symbol alongside the newly
created line, Peter has selects the option to @nst to a vertical orientation.

P93 T
]
Resultant shape

The top end of the line, as it is coincident witle right-most end of the initial shape,
now has a ‘coincident’ constraint automatically edido it. Conversely, the bottom end of
the line, as it has been placed at the intersectidhe same two construction planes as the
left-most endpoint of the initial shape, has alserb automatically constrained in an
identical fashion as the left-most point of theialishape.

Although these examples can be described as altoaglications of constraints to

design features Peter, as an experienced SolidWasks, will be aware that certain

drawing actions in the interface will invoke there more or less consciously seeks them
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out. Constraints function in SolidWorks in a wawttlis analogous to the employment of
straight-edges, surface tables and templates iretlim of physical making.

The possibility of manually adding constraints lkistrated below, where Peter
subsequently adds an explicit dimension consttaithe length of the line drawn in action

P93.

Figure 7-6 adding constraints

This allows its length to be altered by text inpard for this dimension to be defined as
a driving dimension. In this particular context,daim conjunction with the previously
established constraints, this means that this diitoencan now be used to drive the
spatially unconstrained pair of endpoints at theand right-most ends of the existing lines.
What Peter presumably intends by this is to esthtthie width of the heel of the Iron in
plan view.

Having initiated this driving constraint he abansloit temporarily, leaving the
dimension input box open, to get the relevant dsi@nfor it from the supplied FDM base

model.

7.4.10 Iron base model: third episode (06:57 — 07:1 2)

Peter measures the width of the base at the h&debwiair of digital callipers.

Begin End
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7.4.11 Virtual plan view: second episode (07:12 -1 1:13)

| — | I I ‘

The information from the physical object is noweret into the text box and applied to
its virtual counterpart in action P94.

Initial shape

Action End

P94

) )
)

Begin ‘

~

In action P95 the line created in action P93 is ewbto the intersection of the third

)
)

P95

construction plane with the remaining two. Thisefxit completely in space. Its only
remaining degree of freedom now is to the abildyaiter the position of its top-most
endpoint in a vertical plane. In action P96 thdiahiline (created in P92) is extended

horizontally to the left, its curvature is then nfadl in action P97.
; S A

Peter selects this curve again, but quickly abasdlois action without transforming it.

He then adds a ‘handle’ to it which will subseqleie used to alter its radius while

P96 1 ~ ]

T

leaving its endpoints fixed.

Po8 gl

Actions P99 to P102 are now applied to the plam\derve in rapid succession. They
are applied by clicking and dragging the handlatg® in action P98 and rotating it about

the fixed point at the right-most end of the plaawwcurve. The plan view curve in turn, as
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it is constrained by a combination of a tangert@inection with the handle and its fixed
end points, is forced to change its radius.
This sequence is notable in that it illustrate®asfble source of transitional emergence

through the action of a peculiardijgital vernacular process.

poo I ~ 1 r R )
<

ploo -~ 1 g Fh

P101 /\I P 4

proz -~ | g \ 2

An angular constraint is now added to the handkxeiitself, and a dimensional

constraint to the left-most endpoint of the inisalkape.

plo3 1" 2 —

Resultant shape

Peter then translates the on-screen view to accaiamadts new length.
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7.4.12 Iron base model: fourth episode (11:13 — 11: 21)
0 16 0 45 80
| 1 | |

!

Before continuing to work on this virtual plan vid¥eter goes back to the physical base

model and measures its width at its widest point.

Begin End

7.4.13 Virtual plan view: third episode (11:21 — 12

:25)

° ;i v t °°
| o

He now adds a width constraint to the virtual pléew curve (relative to its implied

centreline) and inputs the dimension he has jkstrtdrom the physical base model.

Begin End

7.4.14 Iron base model: fifth episode (12:25 - 12:2 8)

i i i i (|
1

!

He returns to the physical model for the third timme this sequence (of seeking

information from the physical model) and now meastits length along its longest axis.

Begin End

7.4.15 Virtual plan view: fourth episode (12:28 — 1

2:38)

0 15 ] ] [
| |I I |

!

Peter then uses another dimension input box to tléedistance between the left-most
(unconstrained) endpoint of the plan view curve ahé fixed vertical line. This

automatically shifts the left-most endpoint of fllan view curve and also alters its radius.
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Initial shape
Action Begin End
P104 I el B

Resultant shape

7.4.16 Iron base model: sixth episode (12:38 — 12:4 8)

S S B S

Peter returns to measuring the physical model onoee, to double check the same

three dimensions he measured previously.

7.4.17 Virtual plan view: fifth episode (12:48 — 12 :59)

S S N —

He turns back to the on-screen view of the virtegresentation, and translates it once

more to accommodate its new greater length (afetransformations undertaken in P104).




Form Generation in Design 261

7.4.18 Iron base model: seventh episode (12:59 — 13 :02)

He measures maximum length of the base once more.

Begin End

7.4.19 Virtual plan view: sixth episode (13:02 — 14 :23)

| o ' ' |

He then adds a new constraint to fix the point @ximum width of the plan view

curve, constraining it horizontally relative to liét-most point.

He uses the point created by this constraint teease the maximum width of the base.

Initial shape

Action Begin End

B T BT
P105 e ER .

P106 h

The completed plan, now a closed curve, is congent® a planar element.

P107 @

Resultant shape
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The on-screen view is then rotated into an apprateiy isometric view.

e |
J
i

7.4.20 Iron base model: eighth episode (14:23 — 14:

Peter returns briefly to the physical model to sijuassess its height.

27)

Begin End

7.4.21 Virtual side elevation: first episode (14:27

— 14:40)

S S S N

In action P108 the plane created in action P10hdw converted into a three-
dimensional solid by extruding it in side elevation

Initial shape

Action

P108

Resultant form

The on-screen view is rotated back to an approxinatrthogonal side elevation.
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7.4.22 Iron base model: ninth episode (14:40 — 14:4 1)

Peter double checks the height of the physical bas#el visually once more.

End

7.4.23 Virtual side elevation: second episode (14:4 1 -—15:44)

T b | ' |
The on-screen virtual view is now rotated to acktrrather than an approximate,

orthogonal side elevation

(NS

Peter draws a line to establish the top profil¢hef virtual base in action P109. This is

successively transformed in length and orientaticactions P110 to P112.

Initial form

Action Begin End

Between actions P110 and P111 he adds a dimensionsfraint to control the height

of line above horizontal construction plane, atigit-most endpoint

F’ ] Sl i o
“ ] ‘\ A
In action P111 this constraint is used to adjusthbight of the line created in action

P109 by inputting a modified dimension via a diniensnput box.
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P111

Peter adds a dimensional constraint to controlhthight of the line created in action

P109, but this time above the horizontal constauncfilane at its left-most endpoint

The height of the line is again modified via a dimsien input box in action P112.

P112

A dimensional constraint is added to the sloping,lithen checked but not altered.

In action P113 he removes the upper section dbéise, creating a sloping top surface.

P113

Resultant form

Once again Peter rotates the on-screen view tesafise results of the last action.

He also briefly consults his earlier physical ske&at this point.
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7.4.24 Iron base model: tenth episode (15:44 — 15:5 8)

Peter also returns briefly to the physical baseehtwlassess its ‘prow’.

Begin End

7.4.25 Virtual plan view: seventh episode (15:58 —  16:31)

Action P114 is then used to apply a similar radiuthe prow of the virtual base.

Initial form

Action Begin End

P114

Resultant form

The on-screen view is rotated to assess the resithss rounding action.

7.4.26 Virtual side elevation: third episode (16:31  —17:19)

Peter now begins to add construction lines to thestuction plane that runs vertically
though the centre of the base model. Actions P@1B1t19 occur in quick succession and

are used to add these geometric guidelines toithelside elevation.
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Initial shape

Action Begin End

P115

P116

P117

P118

P119

Resultant shape

7.4.27 Physical ‘found’ object: first episode (17:1 9 -17:28)

Peter measures the width of a screwdriver handle.

Begin End

7.4.28 Virtual side elevation: fourth episode (17:2 8 —17:38)

He then adds a dimensional constraint to contrelwértical separation between the
upper two horizontal lines. He opens a dimensiqguuirbox to enter a dimension for this

separation, but abandons this operation withouitiing a figure.
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Begin End

7.4.29 Physical ‘found’ object: second episode (17: 38 — 17:42)

He returns to the screwdriver to check the diameftéis handle once more.

Begin End

7.4.30 Virtual side elevation: fifth episode (17:42 - 17:47)

He then temporarily abandons the action startecdisode 7.5.28 by closing the

dimension input box opened in it without inputtiadigure.

Initial shape

Action Begin End

Resultant shape
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7.4.31 Physical ‘found’ object: third episode (17:4 7 — 17:56)

The ‘found’ object in this case is one of Petemgnchands. He measures its thickness

with his digital callipers.

Begin End

7.4.32 Virtual side elevation: sixth episode (17:56  — 20:06)

This episode on the virtual side elevation openth & dimensional constraint being
added to control the vertical separation between Ittwer of the two horizontal lines

(drawn in actions P117 and P119).

Begin End

This constraint is used to reduce the separatidghedfe lines in action P120. The lower
vertical line (drawn in action P118) is also shoe® accordingly by this action, while the
uppermost horizontal and vertical lines (drawn étians P115 and P116) move down to

keep their relative orientation with the middledlin

Initial shape

Action

P120

A new guide line is added as a co-linear extensidhe raked front edge of the base.

P121

This is transformed by rotating it about its fixedver end in actions P122 to P129.

Peter's final actions in this episode are to addiraensional constraint, between the
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underside of the base and the lowest of the castiinal lines, and to open the dimension
input box associated with it. Once again he dodsinput a figure, but instead leaves it

open temporarily while he looks for the dimensiequired for it.

P122

P123

P124

P125

P126

P127

P128

P129

Resultant shape
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7.4.33 Physical ‘found’ object: fourth episode (20: 06 — 20:20)

Peter measures the length of his own fingers, Wishdigital callipers again, but this
time he uses the dimension obtained to visuallckliee clearance required by the handle
element of the iron. He does this by orienting diepth gauge of his callipers (which are
still set to the length of his fingers) verticalipove the forward and rear upper surfaces of

the physical base model.

Begin End

7.4.34 Virtual side elevation: seventh episode (20: 20 —20:31)

Peter then returns to the dimension input box ogéneepisode 7.4.32, types in the
figure measured from his fingers and modifies teight of the construction lines above the

base. As a result, all of the lines move fractignapwards ‘en masse’ away from the base.

Initial shape

Action Begin End

P130

Resultant shape



Form Generation in Design 271

7.4.35 Physical ‘found’ object: fifth episode (20:3 1 - 20:37)

Peter now measures the width of his palm.

Begin End

7.4.36 Virtual side elevation: eighth episode (20:3 7 —21:20)

A new construction line is added immediately abthesexisting ones in action P131. It

is shortened slightly in action P132 and transl&beal position just below the middle line in

action P133.
Initial shape
Action Begin End
P131
P132
P133

A further guideline is added to the rear of theniscside elevation in action P135.

P134

Peter then zooms into the connection between thternoof this line and the base; he

then adds a co-linear constraint between it anddgheprofile of the base.



272 Peter’s protocol

Resultant shape

7.4.37 Iron base model: eleventh episode (21:20 -2 1:50)

Peter tactilely assesses the front profile of thwspral base.

Begin End

7.4.38 Virtual side elevation: ninth episode (21:50 —22:01)

He returns to the virtual side elevation brieflyadd a dimensional constraint that will

control the vertical separation between the lower guidelines.

Begin End

7.4.39 Physical ‘found’ object: sixth episode (22:0 1 —22:15)

Immediately switching back to the physical worlddsts a dimension (presumably that
just added in the dimensional constraint) intoda@Bipers. He then measures the width of

the screwdriver handle once more.

Begin End
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7.4.40 Virtual side elevation: tenth episode (22:15 — 23:16)

In action P135 Peter lowers the top constructiow.liHe then attempts to add a
dimensional constraint to its length, but SolidWsoefuses to add it as this will over-

constrain the line at this point.

Initial shape

Action Begin End

P135

He turns instead to the line created in action Pdrdd constrains its length to the point
where it meets the top construction line. He théasaa dimensional constraint between the
rear end of the base and the intersection of theafa raked line (created in action P121)

with the top construction line.

P136

He checks the dimension associated with this caimstrbut then immediately deletes
the constraint itself. He now applies a new caistrbetween the intersection of the rear
raked line with the top construction line and thieisection of the forward raked line with

same top construction line.
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This new constraint is used in action P137 to iaseethe rake of the forward line by
decreasing the dimension associated with it. Torathis way the intersection between the
rear raked line and the top construction line nmest have become fixed, relative to the

construction planes, by the previously added cairgs.

P137

Resultant shape

7.4.41 Physical ‘found’ object: seventh episode (23  :16 — 23:20)

In a similar fashion to that seen in episode 7.5B8&er physically visualises the scale
of a dimension. In this case, however, he doesyspldcing his thumb at the appropriate

point on a metal rule.

Begin End

7.4.42 Virtual side elevation: eleventh (and final)  episode (23:20 — 25:22)

In action P138 the shorter horizontal constructim®, created in action P131, is
constrained to align vertically with the intersectiof the middle construction line with the

rear raked line. A vertical construction line isnnadded in two steps, in actions P140 and
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P141, from the left-most end of this line. Theswlgeadded lines now function as one unit

and are translated laterally to a number of diffefecations in actions P142 to P145.

Initial shape

Action Begin End

P138

P139

P140

P141

P142

P143

P144

P145

Peter zooms out slightly before translating th@seslonce more in action P146.

P146

He then translates the on-screen view in turn.

Before going any further he saves the work donghervirtual representation so far.



27¢ Peter’s protocol

The on-screen view is now rotated away from thietstrorthogonal.

Resultant shape

7.4.43 Virtual end elevation: first episode (25:22 - 25:56)

Actions P147 to P151 are also virtual drawing ajdout the design elements created
in them are now transformed in the end elevatioctioh P147 creates a circular element
off to one side of the existing elements. Its radaureduced slightly in action P148 before
it is translated across to the existing elementaciion P149. The circular element is then
translated slightly, in action P150, so that itwdgt point is now coincident with the end of
the middle construction line. Finally, the diametdrthis element is reduced, in action
P151, so that its highest point is now coincidettihthe top construction line.

Initial shape

Action Begin End

P147

P148

P149
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P150

P151

Resultant shape

7.5 Making episodes (25:56 — 59:02)

7.5.1 Virtual end elevation: first episode (25:56 —  26:30)

The initial extrusion of the handle profile in aoti P152 is regarded here as the first
making action of this protocol as it results in the fitetee-dimensional solid (virtual or
otherwise) ofPeter'sdesignitself. An earlier three-dimensional solid was oficse created
in action P108 (and transformed in actions P113 Rad4), but this was a schematic
representation of the pre-existing base rather thawew element created specifically for
this design proposal.

The three actions contained in this episode alsodoce a quality, peculiar to virtual
representations in general (and SolidWorks in paldr), which has not been seen in any of
the descriptions of design activity presented ia &nquiry so far. The general malleability
of virtual representations can be seen in the tianaof the handle’s length essayed in
action P153. How this malleability is implementedSolidWorks, in particular, is signalled
by the differing translucency of the handle’'s egiom between actions P153 and P154.
New shapes are created in SolidWorks, for the pagt from underlying sketches. These
are drawn in a separate sketching mode and, wiiesigner has completed these sketches
(and wishes to return to the normal editing modieytare automatically presented with a
number of options to convert these sketches inethimensional solids. When the option

chosen is a linear extrusion, as in action P152 disigner can then click and drag it to
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alter its length dynamically, as in action P153.isTtplastic’ state is signified in
SolidWorks by the translucency of the representatibthe potential extrusion. When the
length of the extrusion has been decided upon (gmotimer options), the designer can then
commit themselves to creating a three-dimensiool&d ®f it which will, finally, be added
to the virtual representation. This is the transfation contained in action P154. It is
signified here in the same manner as it is sighifireSolidWorks, by the representation of

the three-dimensional solid turning opaque.

Initial shape

Action Begin End

P152

P153

P154

Resultant form

Peter then rotates the on-screen representatioughrsix distinct view changes in
quick succession. To avoid making these descriptmnPeter’s design activity any more
complicated, if more than five distinct view chamsgare observed in sequence (the
maximum that can be fitted onto one line with therfat employed here) only the first and

last ones will be presented.
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7.5.2 Virtual side elevation: first episode (26:30 — 31:52)

Peter’s attention now returns to the side elevadiohis design proposal. In action P155
he selects the upper surface of the base. Its ptinis then used to create a sketch, in

action P156, which is extruded into a ‘plastic’@&rdimensional solid in action P157.

Initial form

Action Begin End

P155

P156

P157

This extrusion undergoes a number of exploratoapgformations in actions P158 to

P160. In P158 a draft angle is applied from appnaxely half-way up its length.

P158

Peter rotates the on-screen view to assess thanopt

He subsequently abandons it in action P159, resyilti a shorter extrusion.

P159

This option is assessed by rotating and zoomingtigcreen view again.
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The shorter version of the extrusion is then simadestill further in action P160.

P160

This shorter option is assessed in a total of sewescreen view changes.

In actions P161 to P165 Peter cycles through aeseguof cancelling and reinstating
this extrusion. Finally, after cancelling it one madime in action P165, he then de-selects
the sketch it was derived from in action P166. kinlihe preceding handle extrusion, this
base extrusion is not taken from SolidWorks sketulte into its normal editing mode in

this particular sequence of transformations.

P161

P162

P163

P164

P165

P166

In action P167 he ‘suppresses’ the handle extrusomporarily. Solid Works, as a
feature-basedolid modeller, builds up its representations afdsgeometry from a list of
‘features’, such as the extrusion used to create hthndle in this design proposal.

Suppressing a feature simply means retaining itertying sketch, but not applying the
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associated transformation that would turn it intthi@e-dimensional solid. This temporary
disconnection between the underlying sketch andatufe, and the connection between
constraints applied to the sketch and the resulgagmetry, can be seen in the two
subsequent actions. In action P168 the upper aatigtn line is moved down slightly. In
turn the circular element in the sketch which defithe profile of the handle extrusion, as
it is constrained at its upper and lower ends toaia coincident with the end-points of the
upper and middle construction lines, is reducediameter. When the extrusion feature is
‘unsuppressed’ in action P169 its diameter is redun turn to reflect the reduced diameter
of the underlying sketch.

It is important to understand that Peter applieswymaf the transformations to the
elements of his virtual design (at one remove)his tvay. His initial actions on a new
feature often consist of setting up this network refations between elements and,
subsequently, employing the interactions betweemtto let the design’s geometry emerge
indirectly from those interactions, rather thanatirgy it explicitly as a final state-based

description of that geometry.

P167

P168

P169

The results of actions P161 to P169 are then \lisagkessed in seventeen consecutive

changes of the on-screen view.

In action P170 Peter selects the handle elemerdelgets it again in action P171 and
makes the dimension of the middle construction lilséble in action P172. He then cycles

between sketch mode (on the side elevation corgtruplane) and normal editing mode in
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actions P173 to P175. In action P173 itself hecselthe lines in the underlying sketch, but

appears to be checking the dimensions associatedtwather than making any changes.

P170

P171

P172

P173

P174

P175

While in sketch mode he rotates and translatesthgcreen view to three orientations.

He then moves the lower end of the forward rakew lin action P176, before

immediately undoing it in action P177.

P176

P177

He rotates and translates the on-screen view aigaiour more orientations.
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In action P178 he exits from sketch mode and cseate extrusion directly from the
upper surface of the base. In action P179 he radihecheight of this extrusion and applies

a draft angle to it. This draft angle is in tureri@ased in action P180.

P178

P179

P180

While this extrusion is still in its intermediatplastic’ state, halfway between a sketch
and a feature, Peter rotates and translates tisereen view to visually assess the results of

these actions.

Subsequently, in action P181 the height of thetjgl&xtrusion is increased to bring its
upper surface in line with the upper line of thendila extrusion. In action P182 this
modified version is accepted by Peter when he dsats sketch mode and the extrusion

from the upper surface of the base is creatednasveeature.

P181

P182

This new collection of elements is visually assdgbeough twelve view changes.

In action P183 this new extrusion is selected anoee, while its height is reduced in

action P184. In action P185 this reduced extrusiameated as a feature.
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P183

P184

P185

Resultant form

Once again the results of the most recent actimngiaually assessed, this time through

six view changes.

7.5.3 Virtual plan view: first episode (31:52 — 33:  16)

Peter selects the upper surface of this new featuaetion P186.

Initial form

Action Begin End

P186

He then rotates the on-screen view, presumablisteaily assess this selected surface.

In actions P187 and P188 this surface is de-selemtel then selected once more. In

action P189 itperimeteralone is selected.
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P187

P188

P189

A similar visual assessment of the perimeter folawnine subsequent view changes.

In action P190 the perimeter line is trimmed at ploénts where it coincides with the
end elevation construction plane. The greater ortf it toward the rear of the iron is
discarded at this point. A line is now drawn iniactP191. This will connect the newly
created endpoints of the remaining curves intooaed curve, to enable it to subsequently

be extruded into a solid feature.

P190

P191

Resultant form

Once again, visual assessment of this new featll@ans with five distinct changes of

the on-screen view.
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7.5.4 Virtual side elevation: second episode (33:16  — 36:03)

The closed curve created in the previous actiorovg extruded in sketch mode.

Initial form

Action Begin End

P192

Peter makes a couple of view changes to assess it.

He then accepts this initial extrusion by exitimgni sketch mode and creating a solid
feature from it. The properties of this feature #nen retrospectively adjusted, as has
occurred in all the previous actions which resulted solid feature. Once again, in action

P194, this takes the form of applying a draft anglé. Its height is subsequently increased

in action P195.

P193

P194

P195

The results of these transformations are brieflgeased in two subsequent view

changes.

The draft angle itself is reduced in action P196@ #re height of the extrusion in turn

reduced, so that it is now line with the upper edigihe handle extrusion, in action P197.
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P196

P197

Thirty-two consecutive view changes follow to assé results of these actions.

Peter exits sketch mode once more and createsdcafeature from the closed curve
created in action P191. In action P199 he addsnamiional constraint to the height of this

extrusion and subsequently slightly reduces itglhitan action P200.

P198

P199

P200

Four view changes are then employed to assessthasges.

Peter selects the top surface, but immediately ddo@this action before making any
changes to his design proposal. His attention ttortee other end of the iron instead. He
uses the rear raked construction line to cut a éaon the handle extrusion in action

P201.
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P201

He visually assesses the result with two view ckang

The cut feature is confirmed and applied in acB@02, when he exits sketch mode.

P202

Resultant form

This feature is in turn assessed through twengetlionsecutive view changes.

7.5.5 Virtual three-dimensional: first episode (36: 03 — 39:20)

The first action that cannot be ascribed to ongheforthogonal axes takes place in
action P203, when Peter applies a radius featutbetdull height of the front edge of the
iron. The radius of this is subsequently modifididhgly, via a dimension input box, in

action P204.

Initial form

Action Begin End

P203
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P204

The result is visually assessed.

The horizontal edges running around the body amg selected and a similar radius

feature is applied to them in action P206.

P205

The results are visually assessed in four subségiesm changes.

The result of this visual assessment is that Re&r attempts, and fails, to modify their
radius in action P206. They are then created iir thiétial scale when Peter exits sketch

mode. The radius of the front edge, applied inoacf#203, is enlarged instead in action

P207.

P206

P207

This is assessed through six view changes.

As a result Peter chooses to remove all the radwipusly applied in this episode, in

action P208.

P208

Once again he visually assesses result.
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His attention turns instead to the junction of theward element with the base. He

applies a radius to this juncture in action P209.

P209

This is assessed in two view changes.

The result of which is that this radius is also o@ad, in action P210.

P210

Peter then engages in a longer sequence of assesameh contains twenty seven

view changes.

He then prints a side elevation of the presene sifihis design in action P211. There is

a noticeable delay between the print command girthtappearing due to network traffic.

P211

While waiting for the physical side elevation toinprPeter continues to assess his

design, on-screen, with nine further view changes.

In the final action of this episode radii are apglito the rear edges of the forward

element in action P212.
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P212

Resultant form

Which are of course visually assessed by rotatiegph-screen view.

7.5.6 Iron base model: twelfth episode (39:20 - 40: 00)

Peter opens this episode by ergonomically assedsmgroposal. He does this by

holding his hand directly over the side elevatiod anodelling a gripping action over it.

In action P213 the printed side elevation drawisgtémporarily placed over the
physical iron base model. In action P245 the basdetnis rotated through 180 degrees to
its correct orientation, while in action P215 Peaiszsses the drawing against the model at
its extremities. This is presumably done to reasbimself that the printed side elevation is
to the correct scale, that it matches the physiuadlel at these points. In action P216 he
now rotates the side elevation into its correctmtation and folds it so that it can be seated

on the base model. Finally, in action P217, théseents are disassembled once more.

Initial form

Action Begin End

P213
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P214

P215

P216

P217

Resultant form

In a now familiar pattern, the episode closes witbbther round of visual assessment of

the on-screen representation.

7.5.7 Virtual three-dimensional: second episode (40  :00 —41:34)

Peter returns to the on-screen representationexagplies a radius to the full length of

the front edge of the iron in action P218.

Initial form

Action Begin End

P218

This is briefly assessed through three view changes
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As all the corners on the top surface of the fodvlement are now radiused, Peter is

able to select one edge of this surface and apgidias around all its edges in action P219.

P219

This top radius is now assessed through four vieanges.

Peter attempts, and quickly abandons an action evhogoose could not be ascertained

from studying the video record.

This abandoned action is followed by seven viewnges.

A radius is applied to the chamfered cut at theoémd of the handle in action P220.

P220

Resultant form

This is visually assessed in eight subsequent gleamges.
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7.5.8 Virtual side elevation: third episode (41:34  —43:14)

In action P221 Peter creates a circular element@side elevation construction plane.

Initial form

Action Begin End

P221

This sketched element is assessed in three viemgelsa

Actions P222 to P227 are employed to turn thisclext element into a thumb-wheel.
The circular element is first dragged into its eatr location in action P222 and a
dimensional constraint is subsequently added td'his constraint is used to alter its
diameter in action P223, while a further dimensi@aanstraint is then added to it to control
its height in relation to the underside of the basetion P224 alters this dimension and is
followed, once again, by the addition of a horiadrdonstraint. This controls the distance
between the centre of the sketched element antigbkof the iron and is altered in two
steps in actions P225 and P226. Finally, in aci#?27, Peter extrudes this sketched

element into an initial version of the thumb-wheel.

pP222

P223
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P224

P225

P226

p227

The initial extrusion of the thumb-wheel is thesessed through three view changes.

In action P228 Peter selects the sketch itseldibig then immediately deselects it in
action P229. He now selects the extrusion in acBR@80 and alters its colour from the

standard off-white to a primary red.

P228

P229

P230

Resultant form
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7.5.9 Virtual plan view: second episode (43:14 — 43 :28)

In this episode Peter sets up the sketch whichheilome the button detail. In action
P231 he selects the top surface of the forward e¢nrotates the on-screen view to
visually assess it and then de-selects it in ad®®@82. In action P233 He creates the basic
circular element of the sketch on the plan viewstarttion plane before increasing its

diameter in action P234.

Initial form

Action Begin End

P231

P232

P233

P234

Resultant form
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7.5.10 Physical ‘found’ object: eighth episode (43: 28 — 43:51)

Peter breaks off from working on the button momalytao set his digital callipers to

the diameter of the virtual button, to physicaligualise its scale.

Begin End

7.5.11 Virtual plan view: third episode (43:51-45 :37)

Having checked the diameter of the button withdailipers, Peter returns to the button
sketch and moves the circular element in it to ttye surface of the forward element in
action P235. Once again he rotates the on-scr@geasentation to assess it. In action P236
he adds a dimensional constraint between the cehthés element and the heel of the iron.
He finally creates the button as an extrusion itoacP237. In action P238 he changes its

colour to match that of the thumbwheel.

Initial form

Action Begin End

P235

P236

pP237
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P238

Resultant form

He then visually assesses the result with nineesjuEnt view changes.

7.5.12 Virtual side elevation: fourth episode (45:3 7 —51:59)

Peter's attention then turns to the side elevatibime actions in this episode are all
directed towards separating what would be the watek area in the forward element, so
that it can have a different colour applied to lit. action P239 he draws a polyline

containing three straight-line segments to one gfdke forward element.

Initial form

Action Begin End

P239

He rotates the on-screen view briefly to assessethdts of this last action.

In actions P240 to P242 he rotates and translhtesipper and lower elements of the
polyline drawn in action P239. In actions P243 &4 he temporarily selects and then
immediately de-selects the nearest lower face eflithse element. In actions P245 and
P246 he rotates the lowest element of the polyéibeut the point where it meets the

upright element and the returns it to its origioaéntation.
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P240

P241

pP242

P243

P244

P245

P246

He adds vertical dimensional constraints betweerugiper element and the base, and to
the length of the upright element, before transtathat element to the left in action P247.
Once again he then returns that element to itsradigrientation, in action P248. In action
P249 he applies radii to the junctures betweenthhee drawn elements, while in action
P250 he projects these drawn elements orthogomaitp the surface of the forward
element. In action P251 he attempts to change oheurc of the faces bounded by this
projected line to light blue; the whole of the based forward element change colour
instead. He returns these elements to their ofigiolur in action P252 and selects both
again in action P253. He again immediately de-$eldxem in action P254, but now selects
the projected element (created in action P250) us®s this to split the faces contained
within it from the remainder of the forward elemehminally, in action P255, he succeeds in

changing the colour of these faces (alone) to ligié.
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P247

P248

P249

P250

P251

P252

P253

P254

P255

Resultant form
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7.5.13 Pause (51:59 — 57:21)

At this stage Peter abandons his protocol as hehiai he could add nothing further to
it. This cessation of activity on the virtual repeatation lasts about five minutes before,
after prompting from the author, Peter realisest te has not fulfiled one of the

requirements of the design brief.

7.5.14 Virtual side elevation: fifth episode (57:21  —58:29)

Six actions are used to add an element that addrélse requirement to close the heel
end of the iron. An initial sketch is made of itantion P256 and a dimensional constraint

controlling its width is added to it.

Initial form

Action Begin End

P256

This is assessed in some detail in the following faew changes.

The initial sketch is then virtually extruded intiaa P257. In action P258 it is turned
into a double-sided extrusion that straddles thiggalrsketch, rather than extending from

only one side of it.

pP257
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P258

This virtual extrusion is visually assessed brigflywo minor view changes.

The width of this double-sided extrusion is incehg action P259. In action P260 it is
finally created as a solid extrusion and in actR261 small radii are added to its four

vertical edges.

P259

P260

P261

Resultant form

7.5.15 Virtual three-dimensional: third episode (58 :29 — 59:02)

The final two actions of the protocol add furthadit, this time between the handle and

the end element in action P262, and between thelentent and the base in action P263.

Initial form

Action Begin End

P262
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P263

Resultant form

7.6 Endpoint of the protocol

Unlike Miquel and Andrew, who both evaluated thadiion of their physical three-
dimensional representations at the end of theitopads, Peter is unable to do likewise here
as he only generatesvatual three-dimensional representation of his propd2ater also
stops working on his proposal &wo occasions before the one hour allowed for the task
elapses: at 51:29 and again at 59:02. No assesswiions were therefore observed either
after Peter ceases working on his design at 51n21958:02, or after the one hour allowed

for the protocol elapses.

7.7 Discussion and analysis

As has just been noted, unlike the two preceditgogpols, Peter’s protocol did not use
the entire sixty minute period allotted to it, ahdre were also two distinct breaks where no
representation making activity took place. The sege of representation use recorded in
this protocol is however broadly similar to thatsebved in both Miquel and Andrew’s
protocols, as Peter employs two-dimensional drawiolipwed by three-dimensional
representation making. However, while Peter alsgsighlly makes marks on a sheet of
paper during his initial drawing episodes he subsatly employs bothirtual drawing and
virtual making in the later ones.

The drawing he does undertake, as well as being ploysicaland virtual in nature,
also accounts for a large number of the desigmm@stdescribed in the three-dimensional
representation making episodes. This specific, exglicit, inseparability of drawing and
making in Peter’s protocol can be seen to echosPgbservation (1978) of thenplicit

inseparability of drawing and making in the procekdesigning generally.
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The embedding of virtual drawing within the virtuelaking actions, which is a
distinctive feature of this protocol, also meanattReter’s protocol effectively contains
more drawing activity than Lynn’s, despite Lynpiotocol consisting entirely of drawing
actions.

Furthermore, although both Miquel and Andrew corabilnawing and making in their
protocols, as they used physical representatianslere inevitably limited in the Boolean
operations they could carry out on them. Whileythere restricted to additive operations
during the drawing episodes, and subtractive oneisglthe making episodes, Peter is able
to employ both additiveand subtractive operations on his virtual three-dinemel

representation.

7.7.1 Categorising design actions

Two hundred and sixty-three discrete design actiamse observed in total in this
protocol. One hundred and forty eight drawing adidand three making actions) are
contained in the drawing episodes, while the remgirighty-nine making actionsaiid
twenty-three drawing actions) are contained inrfading episodes.

This curious mixing of drawing and making, whichshast been alluded to, comes
about because of the nature of the virtual reptaten Peter employs. SolidWorks, as a
feature-based parametric modeller, creates itsl $hliee-dimensional features from two-
dimensional sketches; Peter’s virtual three-dinmmali representation making activities
therefore inevitably encompass a substantial amofuttawing actions.

To create a reasonable division between the drawamdy making episodes here, the
action that Peter uses to create the first threeedsional solid of his own design
representation, in P152, has been treated as thenencement of the making episodes.
Although Peter creates a three-dimensional solit po this action this object was a virtual
representation (and recreation) of the suppliec masdel rather than part of an original
design.

The classes of actions required to make Peterigniespresentations therefore, as they

encompassed both physical and virtual media, amesdat larger in number than in the
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previous protocols. Nine are now required, ratlemtthe five that sufficed for Lynn’s

protocol for example, which consist of:

Create a mark

Emphasise a mark
Parametrically vary a mark
Create a virtual solid

Create a solid feature
Extrude into a solid feature
Parametrically vary a feature
Select/de-select a feature

Suppress/unsuppress a feature

The drawing actions are split between sketchingpaper and drawing in CAD. They
are made on three separate instances of a phy®ehland side elevation sketch and one
instance of a virtual three-dimensional represéamat

As in Miquel and Andrew’s protocols there are oekamples of linear mark-making to
be found in this protocol, while the total periquest on the drawing episodes is roughly
equivalent to that spent on the making episodes.

Create a markand emphasise a marlre present once again in the physical drawing
actions. The majority of these wereeate a markand can be found in actiofd to P16,
P24, P26to P29 P31, P33to P35 P38andP39, P41to P55 P57to P64, P66to P70, P72
P74t0 P78 P80to P83andP85to P90,

Emphasise a mark can be found in actiBtg andP18 P25 P30, P32 P36 andP37,
P40, P56, P65 P71, P73 P79 P84andP91

Create a markis also present in the virtual drawing episoded @njoined by a new
class of actionparametrically alter a mark

Create a marlcan be found in the virtual drawing actidd@2 andP93 P98 P106and

P107, P109 P115to P119 P121, P131, P133andP134 P14Q P141andP147
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Parametrically vary a markan be found in virtual drawing actioR94 to P97, P99to
P105 P110to P112 P12Q P122to P13Q P132 P135to P139 P142to P146andP148to
P151

The three anomalous virtual making actions conthinghese virtual drawing episodes
are P108 P113 and P114 which respectively extrude the drawn elementsoira tthree-
dimensional solid, trim that solid, and apply aiwadto one of its corners. Another
anomalous sequence found in the making episodesctionsP213 to P217 which are
concerned with manipulating a printed version &f side elevation over the supplied base.

Due to the nature of the feature-based solid medétiat Peter employs to make his
virtual three-dimensional representatiGreate a markandparametrically vary a marlare
also found throughout the virtual making episod®state/translate the representation to a
new orientationis another action in common with the previous geots which features
heavily throughout this one.

The new classes of design action required to camphlee descriptions of the activity
observed in this protocol ameate a virtual solidcreate a solid featureextrude into a
solid feature parametrically vary a feature select/de-select a featureand
suppress/unsuppress a feature

Create a markcan be found in actiorB156, P18%o P191, P199, P211, P221, P233,
P239, P25andP256.

Parametrically vary a markan be found in actiori8168, P222 to P226, P23d P236,
andP240 to P249.

Create a virtual soliccan be found in actiori®152andP257.

Create a solid featurean be found in actiorigl54, P182, P187, P198, P262P210,
P212, P2180 P220, P227, P237, P260, P26AdP263.

Extrude into a solid featurean be found in actiori8157, P178 and P192.

Parametrically vary a featurean be found in actiori153, P1580 P166, P168, P176
andP177, P17%0 P181, P184, P19% P197, P201, P228 to P230, P238, P251 to P255,
P258, P25%nd P261.

Select/de-select a featucan be found in actior8155, P170io P175, P183, P186
P188, P200, P23andP232.

Suppress/unsuppress a feataem be found in actior3167andP169.
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7.7.2 Mapping categories of design actions against algebras of shapes

As in Miquel’s protocol, and to a much greater ektidnan in Andrew’s protocol, Peter
undertakes many of his three-dimensional repredentaaking activities in a space that

straddledJ,, andU,3:

UOO UOl UOZ UOS

Ull U12 UlS

Figure 7-7 actions that straddle algebrag);; and Uz

In doing this Peter’s actions highlight a phenometimt was observed to a large extent
in Miquel's protocol and, to a lesser extent in few’'s, which is that although the
representation being worked on is a three-dimeasisolid which is free to be transformed
in three-dimensional spacdJ4), the elements used to create it are restrictedhéo
transformation of linear elements on a planar serfdU,,) which are subsequently

extended orthogonally from that surface as plahements in three-dimensional space

(Uzg).

7.7.3 Decomposition and embedding of shapes

The decomposition and embedding of shapes obsénibe physicaldrawing episodes
in Peter’s protocol is also consistent with thadrsan the drawing episodes contained in the
preceding protocols. As well as a number of dedinitecompositions, which entails
operating on the whole of a drawn element, a simmilanber of indefinite decompositions
were observed here.

What is particularly noticeable however, when therfprotocols are viewed together, is
that the indefinite decompositions employed in thean be seen to consist of four major
types: create a subshape of an existing shapeujmannected shapes with a third, extend

by (tangent) addition of a new element and cloperaneter with a linking element.
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The virtual drawing and making episodes however, given thestiplty of virtual
representations, consist almost exclusively of finike decompositions. An interesting
feature of this particular protocol is that thesdefinite decompositions, which were only
implicit in previous examples of physical drawingdamaking actions, become explicit
here (in the on-screen representation) when Pedgkswn a virtual medium. Examples of
these decompositions can be seen in action P17&) W selects only the contour of the
upper surface of the base piece to create a sdiidston from, and actions P190 and P191

when he selects the contour of that extrusion alits st to create a further extrusion.

7.7.4 Quantifying and comparing design actions

Lateral transformations can be found in actions, 28, P38, P76, P108, P113 and
P114 in the drawing episodes and actions P158, Rh80P202 in the making episodes.
However, actions P108, P113 and P114 should moredaly be considered making
actions despite being included in the drawing eggso Once again, the entanglement of
drawing and making in design that Pye remarks ad @@hich is a feature of this protocol)
makes the valuing of drawing above making in desiggposed by Cross (1994), and the
separation of drawing and making imposed by thectire adopted for the protocols, seem
distinctly artificial.

On the topic of schemas (which has already beecus®d under this heading in
previous protocols), it was previously noted in Agwl’'s protocol that actions Al4, A42
and A43, and A55 functioned in the same fashiothasradiused line that Lynn drew in
action L46, i.e. as examples of parametric schefion P92 in this protocol also
establishes a parametric schema in a similar fasfiidhese earlier examples, although in
this case one which establishes a schema for ciapvaexd single radius curvature in the

plan view of the iron base.

7.7.5 Representational constraints

The increasing confidence in certain lines, oraiarparts of a design proposal which
was noted in the descriptions of the previous it is also visible here. Rather than

overdrawing a line as a way of reinforcing its deovisually, a distinctly virtual process is
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employed instead. This takes the form of addingstraints to design elements.

SolidWorks automatically adds constraints to de$ggiures such as lines, line end-points,
surfaces and surface edges (for example) as wedllawing the designer to add them

manually when desired. When Peter places the rfjapibint of a curve at the intersection
of two of the default construction planes, he eesuthat this point is constrained to
movement solely along the intersection of thosegxda.e. that it can only be moved from
left to right, rather than being free to move \eatly (in relation to the screen) during any
subsequent editing.

Implicit constraints, such as a tangential conoechietween lines, have been discussed
in the preceding protocols. As well as similar implconstraints, in the drawing episodes
of this protocol, there are also two classeserplicit constraints to be found in the
subsequent making episodes.

The first of these is the class of automaticallyplega constraints generated by
SolidWorks itself. In action P93, for example, antaanatically applied constraint is
attached to the line drawn by the first shape inlghe virtual representation. Here,
prompted by the appearance of an advisory symhmigside it, Peter has chosen to
constrain this new line to a vertical orientatiGrthermore, the top end of the line, as it is
coincident with the right-most end of the initiahape, has a coincident constraint
automatically added to it. Conversely, the bottard ef the line, as it has been placed at
the intersection of the same two construction aaeethe left-most endpoint of the initial
shape, has been automatically constrained in amiddé fashion to the left-most point of
the initial shape.

Although these examples can be described as autoamtlications of constraints to
design features Peter, as an experienced SolidMaskr, will be aware that certain
drawing actions in the interface will invoke theamd he more or less consciously seeks
them out. These constraints can be seen to fundtioSBolidWorks in a way that is
analogous to the employment of straight-edgesasearfables and templates in the realm of
physical making.

The second class consists of explicit constrairttichvare manually applied, and is
illustrated in the abandoned action between acti®®3 and P94, where Peter adds an

explicit dimension to the length of the line dratw P92. This constraint allows the line’s
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length to be altered by text input, and for thisnehsion to be defined as a driving
dimension. In this particular context, and in cawjion with the previously established
constraints, this means that it can now be usettit@ the spatially unconstrained pair of

endpoints at the top and right-most ends of thstiexj lines.

7.7.6 Designed form, or drawn shapes?

As drawing is so intimately linked with making tlhughout this protocol, with the
exception of applying radii to the corners of aual three-dimensional solid, the majority
of the shapes contained in the three-dimension&ingaepisodes are generated by forces
contained in two-dimensional drawings rather thgnthe three-dimensional form of the
object itself. The majority of the generative aityivn this protocol therefore is confined to

drawing, to manipulating one-dimensional elememnts two-dimensional spact {,).

7.7.7 Endnotes

The artificial separation of drawing and making e¥hhas become apparent in those
protocols which contain making actions, and thdirmition that can usefully be drawn
between the space of a representation as a whalettan space that elements are
transformed in within that representation, will addressed in the following (and final)

chapter of this thesis.



