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6 Andrew’s protocol

Andrew is a practising designer and part-time ursitg lecturer. When his protocol
was recorded in May 2007 he had approximately dee@nyears experience as a product
designer, five of which were spent at IDEO. His regin product design was gained at
Central St Martin’s College of Art and Design.

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

lectures on product design.

Figure 6-1 design representations generated durinnis protocol

Andrew’s protocol has many similarities to MiquelBuring the course of it he also
generated a number of initial sketches, followealtgmplate, and finishes off by making a
blue foam model of his design proposal. Accordinghs chapter has an identical structure
to Miquel’s, and is divided into seven sections.

The first section establishes the position of Amdseprotocol in relation to the other
three, while the second gives an overview of thedkiand number of design actions
contained in it. The third section describes thaxst@ns which took place after the protocol
had commenced, but before any shape generatioonactiere observed. The fourth and
fifth sections lay out a full description of Andreswdrawing and three-dimensional
representation making actions, respectively, asrges of individual episodes. The sixth
section completes the description of his protogodjiving an account of his actions after its
conclusion.

The final section provides an initial analysis &ftdata gathered in his protocol,
covering the categorisation of design actiof$.(), mapping categories of design actions
against algebras of shap&sf(2, the decomposition and embedding of shapes obdernv

the protocol 6.6.3, quantifying and comparing design actiois6(4), representational
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constraints §.6.5 and to what extent Andrew’s activities could leers as designing three-
dimensional forms as opposed to drawing two-dinmradi shapes6(6.6. The initial

findings from these strands are discussed in tHears 6.6.7).

6.1 Andrew’s protocol in context

Although Andrew’s protocol has many similarities Miquel’s, it contains fewer
instances of individual design representations, faweer individual design actions. The
design actions themselves also showed more usedefinite, rather than combinatorial,
decompositions in the transformations carried outhmse design elements.

As well as generating fewer instances of physibaéd-dimensional representations
than in the previous protocol, most of the thremetisional episodes in this protocol are
also connected with a single ‘monolithic’ instanoé a physical three-dimensional
representation. The design actions carried outh@ representation are also more often
contained in the rightmost column of the array lgielras of shapes (containiklgs, U3,

U,zandUss) than those observed in Miquel’s protocol during $ame one hour period.

6.2 Summary of design actions observed in the proto col

As in Miquel’s protocol, Andrew’s protocol alsolétl the sixty minutes allotted to it. It
is however somewhat less involved as it contairmmaller number of discrete design
actions. Of the two hundred and eleven observedtal, seventy one are contained in the
initial drawing episodes, and one hundred and fortyhe subsequent making episodes.
Note that, unlike Miquel's episode of template nmakiAndrew's template making actions

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

6.2.1 Drawing episodes

The first seventy-one design actions, describeskntion 6.4Drawing episodeswere
carried out on four instances of two-dimensionaligie representations. These consisted of

a full-size plan view, side elevation, handle cresstion and template of the side elevation.
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As in Lynn’s protocol there is a substantial perafdnitial activity before any design
representations are created. The time spent onmydwwever is about half that of the two
previous participants. Like Miquel's protocol theading episodes contain only linear
mark-making actions and no examples of the shaatigns employed in Lynn’s protocol
were observed here.

Two main categories of design actions are howetitrpsesent,create a markand
emphasise a marR he subsidiary categorgnnotate a markis not applicable here.

New lines were created in actioAd to A9, A12to A15 A19to A23 A25andA26, A29
to A36, A38to A50, andA55to A57. Some of these were subsequently overdrawn inracti
Al0andA1ll, A16to A18 A24, A27 andA28 A37, A51to A54andA58to A71 There was
only one example of the compound mark-making actimat was observed in Miquel's
protocol (combining overdrawing an existing markhagéreating a new one) in actiéb5.

Where marksvereoverdrawn for emphasis this was normally appl@the whole of a
previously applied mark. Often new marks were apladjacent to existing ones and,
while sharing their endpoints, were employed maréhe fashion of parametric variations
of an existing line rather than as an indefiniteaieposition of it. The only example of an
indefinite decomposition that fuses a number oftaxg lines is found in the previously
mentioned action A55, where the lines that werevdrpreviously in actions A8 and Al4
are overdrawn, and linked, by a new element irgimgle curve.

The novel feature (in these protocols) of overdrawa line, but onto a new instance of
a design representation (by placing a sheet oflwaant paper over an existing drawing

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

6.2.2 Making episodes

The remaining one hundred and ten design actiansa@rtained in section 6.8taking
episodesvhich commences with further work on the template.

As well as retaining the categories from the drawnépisodesCreate a mark (draw a
line) and Emphasise a mark (overdraw a linédndrew’s making episodes also see the
return of the categor@reate a mark (shade an aretiat first appeared in Lynn’s protocol.

Rotate/translate the representation to a new odgah, Cut (through a mark) Cut
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(without a mark) Remove materiadhndJoin material (temporarily)also return from their
first appearance Miquel’'s protocol in these episodein material (permanenthyflowever
is not applicable to any of the actions observedndrew’s protocal

As in Miquel’s protocol, any actions that straddétegories are marked with an asterisk
* and are listed under the appropriate headings.

Create a mark (draw a linejan be found in action&77-A78, A82-A83, A85, A89-A90,
A92-A95, A109-A112, A151, A182-Al841A186-A189.

Create a mark (shade an arezgn be found in action&191, A194ndA196

Emphasise a mark (overdraw a liregn be found in action&84andA102-A103.

Rotate/translate the representation to a new od#ah can be found in actiong76*,
A152, A190%andA193*.

Cut (through a markgan be found in action&72-A75andA192.

Cut (without a markgan be found in action&114-A117.

Remove materiatan be found in actiong79-A81, A86-A88, A97-A100, A104-A107,
Al13, A118-Al122, A125-A143, A145-A147, A149, AIBEBAAL67-A174, A176-Al179,
A190*, A195, A198-A202, A204-A2a8idA210.

Join material (temporarily)can be found in action#A76*, A91, A96, A101, A108,
A123-Al124, A143, A148, A150, A166, A175, A180-AABRS, A193* A197, A203, A208-

A209andA211.

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

[} 16 30 45 60
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Andrew'’s first action of the protocol is to cut aublock of foam on the band saw. This
will eventually become the final physical three-dimsional representation. Between this
preparatoryaction, and undertaking his first design actiondfew reads the design brief
and photographs the supplied base model from alstle,on and end-on. He then attempts
to load these images into his laptop (to be use8dhdWorks as backdrops to build a

digital representation over) but is thwarted by ek 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)

0 15 8!) 45 80
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Figure 6-2 the completed side elevation

Andrew’s drawing activity commences with him esisiihg the outer envelope of the
iron’s side profile, with four (maximal) lines dravdirectly over one of the supplied full-
size side elevation drawings. The first two marksniakes (A1l and A2) are straight-line
co-linear extensions of the right and left handinetcontours of the existing base, which
extend some distance beyond the eventual profles& are connected by a sloping third
line (A3); representing the top of the handle arct, in turn, extend slightly beyond the
first two lines. This is almost immediately accomjgal by a fourth line (A4), drawn
parallel to, and slightly above it.

Although these lines are only lightly drawn, outlinonstruction marks at this stage, it
should be noted that Andrew still chooses to usstraight edge to guarantee their

straightness when laying them out throughout thisazle.

Initial shape

A Action Begin End
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« _\ 7

A3

A4

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

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

A5

Resultant shape

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

thickness of its handle and the handle’s heighvahbe base.

6.4.2 Freehand perspective: first episode (09:36 —  10:52)
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| o | l |
At this juncture, although Andrew continues to wark the same sheet of paper, he
stops working on the side elevation temporarily &mhs instead to producing a rough

freehand perspective view of the main featuredtibsign proposal.

Begin End

Although the sketch shown here is the final versamd Andrew will return to work on
it again in episode 6.4.4 (Freehand perspectinal #pisode — 11:31 — 11:45), it should be

noted that it was substantially complete by the @fthis first episode.
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6.4.3 Full-size side elevation: second episode (10: 52 —11:31)

S B S —

Having sketched out a rough perspective of hisgihegroposal Andrew then returns to
working on its side elevation, although now withtha aid of a straight edge.

The front edge of the handle opening is establiski¢ial two lines. The first (A6), is a
short constructional mark dropped vertically frohe tintersection of the lines created in
actions A2 and A4 (which represented the upperilprof the handle), to the line parallel
to, and immediately below it (which appears to beptional position for the upper profile
of the handle, and created in action A3). The lodige representing the forward edge of

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

action A3 with the short constructional mark créateaction A6.

Initial shape

Action Begin End

A6

A7

=
i

The first radii are applied in actions A8 and AQwever, it should be noted that they
vary markedly in their apparent function at thisnpothe line drawn in action A8 is used to
connect two previously unconnected lines (the tog of the iron base and the line drawn
in action A7), while that drawn in action A9 is eéfinement of the connection implied by
the intersection of the lines drawn in actions Al &7 instead. This subtle difference in
the function of apparently identical marks is highted by Andrew’s next two actions (A8
and A9) where he reinforces short sections of thesl drawn in actions A5 and A7,
between the points where they connect with the drdiwn in actions A8 and A9, fusing
them into a single line that connects the undersifdie front edge of the handle opening

with the upper side of the iron base.
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A8

A9

A10

All

Having established an initial solution for the fraf the handle opening, Andrew’s
attention now turns to establishing the outer giddile of the front of the iron. Initially he
draws a construction mark (A12) parallel to theelisrawn in action A2, and coincident

with the intersection of the lines drawn in actid®sand AG6.

Al12

The line drawn in the subsequent action (A13), Whi similar in function to that
drawn in action A9 (although on a much larger scalees not appear to be influenced by
the line drawn in action A12.

It is worth noting that, although the line creaiadthe action below (A13) could be
considered as a simple radius (connecting the tvaight lines defining the forward and
upper boundary of the side elevation), and wastedegery quickly with a few, unvarying
over-traced strokes, it is perhaps the most distie@art of the final design. Indeed after
being drawn as an almost incidental act to contveztconstruction lines it becomes one of
the few lines that remained completely unaltered,amly in the rest of the initial drawing
phase of this protocol, but throughout the subsetmaking episodes and is still present in

the final outcome.

Al3
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This new curve is echoed in a modification (Al4}the radius drawn in action A9, to a
flatter radius that no longer connects tangentiaity the line drawn in action A7. The rear
of the handle opening is then established witna (A15) drawn parallel to that drawn in
action A1, and with approximately the same offsetrf the outer perimeter of the body as
the line (drawn in action A5) that established hlaadle’s thickness. To continue defining
the outline of the handle opening, the part of lthe drawn in action Al between that
drawn in action A5 and the upper side of the ir@séis reinforced (A16), and the
composite line that was established from the liah@svn in actions A5, A7, A8 and A9 is
extended (A17) to connect with the line drawn iticaat A15 (where it crosses the line

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

opening.

Al4 ) ,..
\

A15 y \
\

A16 p \
.\ .

A17

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

curve drawn in action A13, where he reinforceg@vdng over it for a second time.

Al8

Resultant shape
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This episode establishes the major features ofsitie profile of the iron (forward
section, handle and heel), and reinforces the datemard profile and the inner edge of the

handle opening.

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

0 16 30 45 80
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Andrew returns briefly to the freehand perspecsiketch that he started working on in
section 6.4.2, and refines it a little further refeurning to the task of producing a sketched

cross-section of the handle.

Although Andrew does have one more episode of tHmeensional perspective
sketching in this protocol, on a view of the fodtthe 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)
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Figure 6-3 the completed full-size section

Still working on the same sheet of paper as the @tbvation and the freehand
perspective sketch, in this episode Andrew examénpessible cross-section for handle of
his design proposal (in actions A19 — A28).

The results are very schematic, compared to thé& aorthe side elevation (he assumes
a simple, circular cross-section here that doesnmaifest itself in the physical, three-
dimensional representation of the iron), and appéarbe 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 (¢ 1 H

A24 ( =

A25 '.‘-”7:3 E X

A26 ( ’\’; ’

A27 . "*’ \

A28 .""\ /
®

Resultant shape

A similar sequence of drawing initial constructioutlines (actions A19, A22, A25 and
A26), followed by short constructional marks (an8oA20 and A21), and over-drawing
segments of initially separate curves to createva single composite curve (actions A24,
AA27 and A28) that was observed in his work on ¢fde 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 #ige elevation drawing above the
plan view so that he can transfer salient poiramfit to the plan view. This is similar to an
episode in Miquel’'s protocol (5.4.10 Half-size sidievation: first episode), but here,
instead of matching points from the half-size plaew to the half-size side elevation
(where the side elevation and plan view were alignghogonally to one another on a
single sheet of paper) by tracing out lines coringgboints in the air above the drawing,
Andrew literally connects lines on the relevantaacé the plan view, using a pencil and

straight edge.

Initial shape

o

In actions A31 to A33 he uses the lines drawn itioas A29 and A30 to establish
connections between the perimeter of the basetantbtward end of the handle. These are
then extended in actions A34 and A35 to establath the handle’s width and its rearward

extent.

<:_ C
<; C
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Pl i
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Resultant shape

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

|

Before fully establishing the handle profile in plaiew, Andrew moves across to the
side elevation to add a notional button detail &ction A36), and strengthens the
modification to the connection of the forward eridlee handle opening with the underside

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

Initial shape

= Action End
A [ A 1
A37 B ya | ST B |

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

S R

The furthest extents of the button detail are ttiansferred from the side elevation to
the plan view in actions A38 and A39. Note thathalgh this is the final episode of mark-
making on this instance of the plan view, Andreweslavork on a very small drawing
(actually on a piece of masking tape) during arlafgsode in the middle of his work on the

physical model.

Initial shape

Action

A38

A39

B

A40

4

A4l

i
o

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

A42 and A43.
A42 <M_
o oo 3

s

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

of the handle opening from the side elevation tolan view.

Ad4

@
g
&
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Connecting radii are now added, using these liseguades, between the handle and the

rear of the body in actions A46 to A48.

A46 @ C}J
=

A47 %-7 \1:&—/

(7\

A48 éﬂ u_,:&—/

- C \

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

This appears to be an ‘orphan’ feature as it dassre@appear at any point during the

remainder of the protocol.

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

area, in actions A51 to A54.

==

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

0 15 T 45 80

| ! ! |

The final work on the full-size side elevation ciits of adding a new line connecting
the underside of the handle opening with the fooa¢tion A55), and sketching a detail on

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

Initial shape

Action

A55

A56

Resultant shape

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

15 T 45 80

[}
| = | !
Andrew’s final actions in this section of the prodd consist of drawing a further

freehand perspective view, this time showing aiblefaa power socket which might be

incorporated into the heel of the iron.

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

T S S T
i

Figure 6-5 the template (traced over original sidelevation)

As was mentioned previously, (in section 6S&mmary of design actions observed in
the protoco) the template episodes straddle the drawing arldngaections of Andrew’s
protocol. The first episode has been placed iriDinawing episodes’ section, as it consists
of tracing over the previous side elevation drawimdransfer lines from that drawing to a
fresh sheet of paper. As in the example of Miquebslier freehand sketches, this also

entails an action that has no left-hand shape.

Initial shape Action

A58 o
A59 o
A60 o
A6l o
A62 o
A63 o

A4 e

AB5 Pl o ﬂ
A —
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Resultant shape

6.5 Making episodes (17:48 — 60:00)

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

| o ] ' ' !

The same sheet of paper is used in the first axtaminthe making section of this
protocol, when the perimeter of the upper sectibthe template is cut through with four
scalpel strokes (in actions A72 to A75). This isaged with adhesive and stuck (in action

A76) to the foam blank created previously in settd3:Initial activities.

Initial shape

Action Begin End

AT72
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P

A74 e

AT75 J

A76 ﬁ

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

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

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

inside the handle area.

ATT7

directly over the handle area drawn on it, as enfof ergonomic assessment.

- -

He now draws a further line directly onto the teatg] 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)
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Figure 6-6 the completed physical model

Andrew then establishes the outer perimeter offtlaen model, in side elevation, in

actions A79 to A81.

Initial form

Action Begin

A79

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

Andrew takes a moment to assess the undersiddeponéiated in it by holding it against

the iron base model.

Actions A80 and A81 are used to complete the opwimeter 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)

S RS S

A centreline is then drawn on the curved face exbdity action A80 (in action A82),
and carried round to the flat face made in acti@i Ain action A83). One of the earlier
lines (drawn in action A69) is reinforced in actidB4, and a new line (which will act as a
guideline for the cut made subsequently in acti@)As 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)

0 18 0 45 [ ]
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The side profile of the handle opening is estabklistvith actions A86 to A88, utilising

the two guidelines laid down previously in actiohd7 and A85. Note that a new line of

the bottom edge of the rear section of the irdoiimed by the cut made in action A88.
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Initial form

Action

A86

AB7

A88

Resultant form

6.5.5 Three-dimensional drawing: second episode (30

i b T i
| O

End

122 — 32:13)

Further lines are drawn (in actions A89 and A90}@curved surface created in action

A81. These are offset either side of the line dramviaction A82 to establish the handle

width.
Initial form
Action
A89 e

A90

Begin
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The base model is offered up to the foam blank aagain (in action A91), and the
outline of its curved profile is marked onto thetimg 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)

| : "o | !
To ensure that the cuts made in actions A98, AAX05 and A106 will be vertical, i.e.,
strictly orthogonal to the plan view, the foam I{da replaced (in action A97) in the off-

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

plan profile.
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Initial form

Action

Begin End

A97

A98

A100 \ ; \_\\_ W\l

o
L | /;—/_/7

Resultant form

6.5.7 Three-dimensional drawing: third episode (33: 10 — 33:31)
[ . B

Before making similar cuts to the rear of the irdmdrew replaces the base model on

the blank and reinforces the marks made in ac#®# A95, A102 and A103.

Initial form

Action

Al01
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A102

A103

A104

Resultant form

6.5.8 Physical model — plan view: second episode (3  3:31 — 34:32)
f i s * |

The rear plan profile is now roughed-out (in actiokil05 and A106), and the off-cut
piece, created by action A81, is removed agairciioa A107.

Initial form

Action

A105

A106 Y 2N\

A107 V - 777\ .l‘. k j‘ L L.

The foam model is replaced on the base in acticdBA1

o

A108 V S\
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Resultant form

6.5.9 Three-dimensional drawing: fourth episode (34  :32 — 34:56)
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The lines establishing the width of the handlewar@arlier in actions A89 and A90 are
connected by further, curving lines to the edgethefcurved surface created in action A81.
Rather than connecting tangentially to the perimete the lines drawn in the plan view in

actions A31 to A33 did, these meet it perpendidyulizstead.

Initial form

Action Begin End

A109

A110

The lines drawn onto the top surface of the foaankl in actions A111 and Al112,
depart even further from the preceding ones drawactions A46 toA48. Whereas the
earlier lines sprang tangentially from the handled connected perpendicularly with the
sides, these are now straight lines instead thamexi the end points of the handle lines

with the rear edge of the upper surface, rather ifsasides.

Alll

A112
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The foam blank is then removed from the base ipamagion for removing material

from either side of the handle area in plan view.

Al113

Resultant form

6.5.10 Physical model — plan view: third episode (3  4:56 — 38:24)
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Before removing any of this material, Andrew hasn@ke a number of preparatory cuts

first. It is noticeable that only those made ini@ats A120 and Al121 follow the guiding

marks made previously.

Initial form

Action Begin End

A114 o

A115 o w

It is at this point that what can be seen as astantability’ constraint drives the
generation of the form, as Andrew is unable to thet lines drawn on the top surface
without also cutting into its lower part. He insflezuts the lines illustrated below, in actions
A116 and A117, which reach perpendicularly in frtim edge of the foam block to the

lines establishing the handle’s width (drawn in@ttA89 and A90).

Al16 i w
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A117

Al18

Al119

A120

Al21

Al122

A123

The foam blank is then replaced on the base mausd more, and masking tape is used
to preserve its upper profile (as well as to hdlese two elements together firmly) while

the forward section of the foam blank is shapetthénnext episode.

Al124

Resultant form
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6.5.11 Physical model — three-dimensional: firstep  isode (38:24 — 46:37)
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Actions A125 to A131 then establish and refine ¢benpound-curved surfaces of the

forward end of the iron.

Initial form

A125

Al126

Al127

A128

Al129

A130

A131

Action A132 is used to refine the width of the hiendrip area on the left-hand side,
while action A133 removes material from the conmgcface of the forward element. It
does this by blending tangentially from it, followg an arc that eventually makes a

perpendicular connection with the outer edge.
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A132

Al133

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

of the body.

Al34

Al135

A136

The compound curved surfaces on the front facéuatieer refined in actions A137 and

A138.

A137

Al138

The curved connecting surfaces (created in acd#di82 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 hiedet through in action A140, and
the foam blank is separated from it once againthat it can be shaped further with the
band-saw. Slanting cuts which are not strictly radid to any of the orthogonal axes
(although closest to the end elevation) are thetgienta rough out the beginning of trear

compound-curved surfaces in actions A141 and A142.
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A140

Al4l

Al42

The foam model is replaced on the base (in actibf3)and a new piece of tape is laid
over the previous layer to secure it in place aga@ction A144. The sharp corners left by

actions A141 and A142 are then removed in actioh45%and A146.

Al43

Al44

A145

Al46

Al47

He appears to be about to do the same to the hiyid- side, but abandons this action
and adds the tapered piece that was created aff-amt an action A86 to the assembly

instead.
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A148

He pauses at this juncture to ergonomically agbeskandle.

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

He then picks up a piece of glass-paper and mavietoi position over the right-hand
side of the assembly, but abandons this actiontz@$ore removing the tapered piece from
the assembly in action A149. Once again he movegass-paper into position over the
right-hand side of the model, and once again henddozs this action before once more

replacing the tapered piece in action A150.

A149

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 A1568drAw now uses it as a guide to

mark its height against the forward end of the nhode

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 farfimork, by tearing it up into smaller
pieces, Andrew also moves the triangular elemeghtsy to the left of its normal location

in action A152.

Initial form

Action Begin End

Al152

He then refines the front connecting curve, createaiction A134, and further refines

the rear compound curved surface created in aétiaii.

A153
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A154

He now defines, and refines, the plan profile afrref grip area (in actions A155 and
A156). This is another example of an emergent shaheh was not anticipated by those

previously drawn in the plan view or on the topface of the model.

A155

A156

The compound curved area at the rear left-handisitieen refined once more, and the

triangular element temporarily removed again, itoaicA157.

A157

Al158

A159

Action A160 is used to apply similar conditionsttee plan profile of rear connecting
curve on the left-hand side and, in a compoundacto refine the front connecting curve

on that side as well.

A160

Actions A161 to A165 then generally clean up thewverd compound curved surfaces,
and blend the rear surfaces into compound curveidcas. The triangular piece is returned

to the assembly once more in action A166.
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Al161

Al162

Al163

Al64

Al165

Al166

Both layers of masking tape are finally removedrfritie upper profile in action A167.

Al167

Radii are then applied on the edges which coniecfront compound curved surfaces
with the vertical faces of the handle opening (o@ tight-hand side) in action A168, and
the front right-hand side compound curved surfaceainded lightly in action A169. The
triangular piece is removed again, in action Al1#&0d both forward compound curved
surfaces are refined in action A171. Finally thanfomodel is removed from the base in

action A172 to allow the underside of the handaaran be worked on.

A168

Al169
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A170

Al71

Al72

Radii are then established on the inner edges efldfi-hand side of the handle in
actions A173 and Al74, and the foam model is requlaan the base again in action A175.
The whole upper surface of the model is then furtiedined in actions A176 and A177
before the model is removed from the base oncenagaiction A178. The underside of the
handle is further refined in action A179, and tlesdo and triangular element are reunited

with the foam model in actions A180 and A181 resipely.

A173

Al74

Al75

Al176

AL77

Al78
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A179

A180

Al181

Resultant form

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

In this episode Andrew returns temporarily to drayvand establishes the extent of a
button on the front upper surface with three mamisle directly onto the foam model, in
actions A182 to A184. He then applies a strip ofkireg tape over them in action A185,
which he uses to transfer the outer two of theethmarks drawn on the model in actions

A186 and A187.

Initial form

Action Begin End

A182

A183

Al84
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A185

Al186

Al187

An elliptical shape is then drawn between the highark (drawn in action A186) and
the middle mark on the foam model (drawn in ac#d®2). A sigma shaped mark is added
in action A189 to connect the elliptical mark mameviously with the lowest mark made
on the tape in action A188. This marked piece pkt&s 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 previousege is now roughly shaded with a
light blue marker pen (in action A191), and thiadéd area cut out from the tape in action
A192. The resulting shape is temporarily re-appliedthe model, in action A193, and

shaded with a marker pen once more, this timetin si action A194.
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Initial shape

Action Begin End

A191

A192

A193

A194

This shape is removed from the model assembly omoee, in action A195, shaded
with a marker pen for a third time (in action A19@d 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 dontinuing to refine its forward
compound curved surfaces in actions A198 to A206. diso removes the triangular

element from the assembly temporarily, in actio®BA2o0 modify its upper surface.

Initial form

Action Begin End

A198

A199

A200

A201

In action A202 Andrew scallops the forward end loé ttriangular element, before

returning it to the assembly once more in actio®2\2

A202

A203

The final actions of the protocol involve the temgg removal of the tape (in action
A204), and disassembly of all the elements (incac206) to allow overall refinement of
shape of the foam model. Actions A208 and A209 iteuthe foam model with the base
and the triangular element respectively. Andrewnalfact of the protocol is to replace the

masking tape representation of a button on the hiodetion 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 theip@&rimmediately after the end of
the protocol ergonomically assessing his desigmpgsal by emulating its action on the

table surface.
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6.7 Discussion and analysis

The sequence of representation use in Andrew’sopobtis similar to that found in
Miquel's. Andrew also generated a series of sketcHellowed by a physical three-
dimensional representation.

The most notable difference between Andrew’s pratend the preceding two is that
he devotes approximately half the amount of tinegy ttid to sketching design proposals. It
also contains far fewer instances of individualigiesepresentations (and fewer individual
design actions) than Miquel’'s protocol. Most of ttieee-dimensional episodes in this
protocol are instead connected with working onnglsi ‘monolithic’ instance of a physical
three-dimensional representation, rather than modular assembly of separate elements.

The design actions themselves are more often ewtdn the rightmost column of the
array of algebras of shapes (containlhg, U;s, U,sandUzg) than Miquel's were during the
same one hour period. They also showed a greater ofisindefinite, rather than
combinatorial, decompositions in the transformagioarried out in them.

As in Lynn’s protocol, there is a substantial pdraf initial activity before any design
representations are created. These include cudtinigck of foam roughly to size, reading
the design brief and photographing the suppliede basdel in plan view, side and end
elevations. Andrew intended to load these imagestiis laptop so that they could be used
as backdrops to build a digital representation oMereventually abandons this plan due to

the lack of a suitable lead to transfer them frasndigital camera with.

6.7.1 Categorising design actions

Two hundred and eleven discrete design actions aleserved in this protocol. Seventy
one are contained in the initial drawing episoded the remaining one hundred and forty
in the subsequent making episodes.

The drawing episodes themselves contain only limeark-making actions and no
examples of the shading actions (such as those ogaglin Lynn’'s protocol) were
observed here. They are carried out on three sepmstances of two-dimensional design
representations which consisted of a full-size plew, 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 notedoth hynn’'s and Miquel’s protocols
is also present, but here Andrew often generates by explicitly transferring
correspondences between views. This can be sete aeginning of the first episode on
the full-size side elevation, in section 6.4.6, mhée aligns the side elevation drawing
above the plan view to enable him to transfer salints from it to the plan view. This is
similar to an episode in Miguel’s protocol (5.3.H@lf-scale side elevation: first episode).
Instead of matching points from view to view as Metidid, by tracing out lines ‘in the air’
above the drawing, Andrew literally traces out $iren the relevant area of the plan view
using a pencil and straight edge.

The novel feature (in these protocols) of overdrana line, but onto a new instance of
a design representation (by placing a sheet oflwaant paper over an existing drawing
and tracing lines off it) can be found in the fitsplate episode, in actions A58 to A71.
The template episodes in Andrew’s protocol are letas they are divided here into two
consecutive sections. This proved to be necessarpecause of the nature of the design
actions contained in them, they straddle both thewiohg and making sections of the
protocol.

In turn, the drawing actions associated with makimgtemplate also appear to straddle
the categorie€reate a mark (draw a linggndEmphasise a mark (overdraw a lind) case
could be made for classifying them as a new comgpaategoryCreate a mark (overdraw
a line). However, as their function here is simply to #f@n shapes between representations
of different spatial degree (and no new shapeg@nerated by these actions) this seems an
unnecessary multiplication of categories. The eaieg 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 actioAd to A9, A12to A15 A19to A23 A25andA26, A29
to A36, A38to A50, andA55 to A57. Some were subsequently overdrawn in actihh®

andAll, Al16to A18 A24 A27 andA28 A37, A51to A54 andA58to A71 In actionA55
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there is a single example of a compound mark-malictipn (previously observed in
Miquel’s protocol) which combines overdrawing arnisting mark with creating a new one.

On those occasions when marks were overdrawn fgohasis this was normally
applied to the whole of a previously applied madew marks were also often applied
adjacent to existing ones and, while sharing teenlpoints, were employed more in the
fashion of parametric variations of an existingelirather than as an indefinite
decomposition of it. The only example of an indééirdecomposition that fuses a number
of existing lines is found in the previously memga action A55. Here, the lines drawn in
actions A8 and A14 are overdrawn and linked (bgw Blement) into a single curve.

The remaining one hundred and ten design actions@ncerned with creating a blue
foam model. They commence with the second halfie@fitork on the template.

As well as retaining the categories from the drawépisodesCreate a mark (draw a
line) and Emphasise a mark (overdraw a linédndrew’s making episodes also see the
return of the categor@reate a mark (shade an aretiat first appeared in Lynn’s protocol.
Rotate/translate the representation to a new odgah, Cut (through a mark) Cut
(without a mark) Remove materiahnd Join material (temporarily)also return from their
first appearance Miquel's protocol in these episodein material (permanenthfowever
is not applicable to any of the actions observedndrew’s protocal

The complete class of design actions observed ennthking episodes of Andrew’s

protocol therefore fall into one or more of theldaling 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 artient
Cut (through a mark)

Cut (without a mark)

Remove material

Join material (temporarily)
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As in Migquel’s protocol, any actions that straddé&egories are marked with an asterisk
* and are listed under the appropriate headings.

Create a mark (draw a linejan be found in action&77-A78, A82-A83, A85, A89-A90,
A92-A95, A109-A112, A151, A182-Al8 A186-A189.

Create a mark (shade an arezgn be found in action&191, A194ndA196

Emphasise a mark (overdraw a liregn be found in action&84andA102-A103.

Rotate/translate the representation to a new o&agah can be found in actiong76*,
A152, A190*and A193*.

Cut (through a markgan be found in action&72-A75andA192.

Cut (without a markgan be found in action&114-A117.

Remove materiatan be found in actiong79-A81, A86-A88, A97-A100, A104-A107,
Al13, A118-A122, A125-A143, A145-A147, A149, AIBEBAAL67-A174, A176-Al179,
A190*, A195, A198-A202, A204-A28idA210.

Join material (temporarily)can be found in action#76*, A91, A96, A101, A108,
Al123-Al124, A143, A148, A150, A166, A175, A180-AA8&5, A193*, A197, A203, A208-

A209andA211.

6.7.2 Mapping categories of design actions against algebras of shapes

Andrew’s actions in the drawing episodes, as thaysist wholly of eitheiCreate a
mark or Emphasise a mark (overdraw a lingye of course contained in the algebras of
shapedJ;, andW,,. They are, however, distributed across all thyestial axes (X, Y and
Z). The majority of Andrew’s initial work is undaen on the side elevation (Y axis),
although there are short excursions into two fradhaerspective views (6.4.2, 6.4.4 and
6.4.10) and a schematic end elevation view (Z afithe handle’s cross-section.

When Andrew begins to draw on the plan view (X a¥is does so by aligning the
previously drawn side elevation directly aboveitriansfer salient points from this view to
the plan. After marking the points at which theafard end of the handle opening meets the
base and the handle itself (and sketching in taraesonnections between these elements

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

What is significant here is that, at all times, #ide view drives the plan view and not
vice versa. Shapes drawnlii, (v axisi2Nd Wi (v axis)drive those drawn i), x axisyand Wi,

(x axisy There is also no attempt to connect the shamesMinU;; 7 axisyaNd Wiz z axis) With
the other two views. They appear as an entirelarsgp and isolated enterprise from the
rest of the design effort.

Transferring shapes between representations ooagesmore when Andrew prepares a
template from the side elevation drawing. After tlowelty of creating a separate template,
rather than cutting it directly from the drawingndrew’s template goes through the same
sequence of algebras of shapes as Miquel's dithénptevious protocol. It is transferred
from U1, (v axis) (lin€s on a plane in side elevation)Ug; (v axis) (& planar surface that can be
transformed in three-dimensional space) via a seasfescalpel strokes through the lines
drawn on the template Wi, v as) Finally, it is transferred tt,; v axis) (@ planar surface on
a planar surface) when it is stuck to the foam lolitat will eventually become the three-
dimensional representation.

Andrew’s actions, when cutting the side profileresgented by the outline of this block
in actions A79 to A81 and A86 to A88 (as they assemtially planar extrusions of it in
depth) are contained Wy (v axisy Similar actions are carried out in the plan viélas (x axisy
in A98 to A100, A105 and A106, A114 to A122, A132 A136, A155 and A156, A160
and A161.

A noticeable difference between this and Miquelstpcol is that a large number of
Andrew’s making actions are contained in the saimesformational space as the intended
outcome of the design process. Actions A125 to A1S137 to A154, A157 to A159,

Al162 to A181 and A198 to A210 are carried outia.

6.7.3 Decomposition and embedding of shapes

Andrew applies a number of indefinite decomposgidéo the marks he makes in the
drawing episodes. These come in two types: emphgss&gments of individual lines and

joining previously separate lines with new elemefizamples of both can be seen in
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actions A10 and A1l where elements of the maxinmegs| created in A5 and A7, are
reinforced to create a single embedded line tlatsIthrough the two radii in actions A8
and A9.

Indefinite decompositions are also a feature ofntia&ing episodes. The majority of the
actions observed in this period were concerned sutitracting material from a rectangular
blue foam block to transform it into a flowing cooymd-curved surface. The combinatorial
decompositions that were observed were mostly ecardewith joining and removing this
foam block from the supplied base model.

A unique decomposition (in the protocols analysmdlis thesis) is contained in action
A97, where the off-cut removed by action A81 is pemarily replaced. Although this is a
combinatorial decomposition it is noteworthy inttitas bothadditiveand associated with
transformational spacesThe function performed by replacing this off-datto allow
Andrew to cut to the lines transferred from the@igol base model in strict plan vieW,;

(x axisy despite the curved upper surface applied to libekbn A81.

6.7.4 Quantifying and comparing design actions

In the drawing episodes there are two transformattbat could be classed as lateral or
generative transformations. The first is contairiedaction A13 when Andrew first
establishes the curved connections between strhingist that typifies the remainder of his
drawing actions. The second is contained in thal fiictions of the drawing episodes, A56
and A57, which establish a new element at theagtre iron. This new element, however,
does not reoccur in either the subsequent temmaten the final three dimensional
representation.

The nature of some of the vertical (developmenta@hsformations observed in the
drawing episodes in this protocol resemble thaviptesly observed in Lynn’s protocol in
action L46. This was described as a parametricatiari of a connection between lines.
Similar examples can be found here in actions AY2, and A43, and A55.

In the subsequent making episodes however thera am@mber of transitory shapes
which appear in the process of making that threeedsional representation. Their

transitory nature means that it is debatable whethey can be claimed as lateral
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transformations as such. They do however represensource of additional and
unanticipated shapes and, as they are tied up thithrepresentational constraints of the

medium, they are discussed in the following section

6.7.5 Representational constraints

Implicit tangential constraints are present in marfiyAndrew’s drawing actions. In
action Al13 he fuses two of the perimeter lines \{jonesly drawn in actions A2 and A3)
with a third curving line. Here, although a portiohthe upper line drawn in A3 remains,
practically all that is left of A2 is its endpoiahd the tangential connection that the curving
line drawn in A13 makes with it.

The cuts made in the blue foam model, in actiond4Ato A122, show that the
tangential connection that is often present in &mds drawings and sketches tends to be
replaced by other connection conditions when héckws to generating a representation of
a higher spatial degree. In Andrew’s protocol thegential constraint suggested by
drawing linear elements is often modified, or eveampletely replaced, by the
constructional constraints imposed by making agttfienensional representation.

The plan profile of the rear of the handle is comtiusly modified from that generated
(in the two-dimensional drawing) by actions A44Ad8. As initially drawn these lines
connect perpendicularly with the sides of the moddbwever the marks drawn
subsequently in this area, this time directly otite model in actions A111 and Al12,
connect obliquely with its base instead. Constamzi constraints then lead to a lateral
transformation of the rear of the handle’s plarfifgpin actions A116 and A117, when the
cuts made in them connect perpendicularly with slikes of the model instead. At this
juncture, because of the constraints of the toedslable to Andrew to shape his physical
representation, he is unable to cut the lines drawthe top surface without also cutting
into the lower part of the form. Instead, afteruanber of intermediate shaping processes,
he uses a series of straight cuts, in the plan vievallow him to remove waste material
from either side of the handle in a step-wise fashi

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

handle. Here the connection constraints appliedhéo marks made in the drawing, in
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actions A31 to A33 (tangency to the outside peramas well as the handle), are modified
to perpendicular ones on the outside perimeteciioms A109 and A110 (while retaining
tangency with the handle) when Andrew first dralis profile onto the model.

Finally, constructional constraints transform th@luson once more when Andrew
makes the initial cuts to shape the plan profile actions A114 and A115. The
perpendicular constraint between the mark madéhenodel, between it and the outside
perimeter, is now transformed to an oblique onthese actions. The tangential constraint
between that mark and the handle is kept in agiastiorm, however, by a small radius
connecting the straight line cut of the front of tandle’s plan profile and the handle itself.

It appears that switching away from sketching onparticular instance of a
representation occurs because its affordancesarsupplying suitable information, and
different kinds of information are therefore soudfidm other views, or other kinds of
design representation. Sometimes the constrainodfing with linear elements on a two-
dimensional surface with fixed line weights is wisatequired. Sometimes the affordances
of a physical object are too great. An exampleheflatter can be seen when Andrew lifts
the tape outline of the button off the model to kvon it in two dimensions. It would
appear that the three-dimensional representatitooigch in its affordances for Andrew at

this point.

6.7.6  Designed forms, or drawn shapes?

The preceding section shows clearly that many ef shapes generated in the two-
dimensional representations are either not trarexfeio the three-dimensional one, or may
not be realisable due to constructional constrairitey are. Although the plan view curves
connecting the handle area to the forward parhefrhodel resemble those drawn in shape
rules A31 to A35, their connection to the plan imatlis perpendicular rather than
tangential. The curves generated by shape rulesté\#%3 are completely superseded by

those in shape rules A111 and A112, and A116 ari/Al
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6.7.7 Endnotes

Compounding the potential confusion over defining fater episodes is the observation
that, unlike the earlier drawing episodes where emtitran one instance of a design
representation was employed, Andrew’s three-dinograsi episodes contained onbne
instance of a design representation which insteademwvent a series of continuous
modifications in the course of his protocol.

It is this difficulty in defining these three-dim&onal episodes that, rather than being
viewed as a shortcoming of the particular taxon@mployed here, can be seen instead as
an indication of the ambiguity involved in eitheapping a two-dimensional onto a three-
dimensional one, or in co-creating the form of tlasign proposal alongside making an
initial three-dimensional representation of it.

Returning to the step-wise cuts observed in actids4 to A123, just as there may be
transitional emergence in physical making (see feéi@u4) there are also transitional marks
made in drawing. This class of marks is often as$ed with transferring shapes from one
view to another: from features in another view,niréeatures in the same view, or for
establishing planes of symmetry for example. Tlagesalso constructional surfaces (which
may give rise to transitional emergence) whichwsed to re-frame the problem, step-by-
step, and so to arrive at a solution. These coct&tnal marks or constructional surfaces, as
they do not appear in the final object, would ofirse not necessarily be available to an
enquiry which attempts to recreate the generatigegss from the end result alone.

The lateral transformations associated with thengha of design representation

observed in this protocol appear to be precipitated

The addition of constraints peculiar to the newigiesepresentation medium
that were not present in the old one (thereby reduthe size of the existing
solution space)

The relaxation of constraints that were presetiénold medium but are not in
the new one (leading either to an enlargement@gttisting solution spaaw

a transformation to a new solution space)

A combination of the two (with multiple permutat®wof enlarging, reducing

or transforming design solution spaces.)
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Akin (2001) notes that: ‘Design, due to the ill-thedd nature of the task, elicits spurious
problem re-structurings, and frequent shifts betwempresentations.” The lateral
transformations visible in Andrew’s work on the ploal representation come about, in
part, because of the incommensurability of two-disienal representations with three-
dimensional orthogonal ones, and three-dimensioodhogonal with fully three-
dimensional ones. Perhaps there is a new categotyansformation here, i.eforced
transformationscaused by the different constraints and affordanaeailable to the
designer when switching media. If so the shapesméed by this transformation would be
additional ones to those already generated by esmgotwo-dimensional and three-
dimensional design representations separately.

In Andrew’'s and Miquel's protocols the two-dimensad and three-dimensional
representations employed were purely physical olmeshe following protocol, where a
virtual three-dimensional representation is empiotfeat straddles these two-dimensional
and three-dimensional worlds, there is an oppantuni observe how these transformations

work when applied across physical aridual representations.
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