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Abstract

Sketching constitutes an essential work tool for designers. On the first hand, sketches allow to
externalize ideas, being then very economic cognitively. If they help to process information very
quickly, sketches are also an integral part of the thinking process, without which the designer would
not be able to access originality and novelty: in particular, the fact that some sketches bring new
insights to the designer seems to play an important role for the emergence of ideas. Our research
project aims to clarify how architects use sketches to reach generative effects by analyzing their design
strategies and the way their drawings can support these strategies. We especially focus on the role of
knowledge in comparison to concepts. Three sequences of sketches were analyzed thanks to the C-K
design theory: two sequences of thinking sketches and one sequence of talking sketches. We show that
most drawings refer to both knowledge and concepts. Moreover, our study reveals that architects carry
out through sketching an important work of knowledge structuration. Indeed, generative effects often
result from the introduction of new knowledge reordering the initial knowledge basis.
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can include important information given the explored subject or eliminate irrelevant information.
Sketching thus constitutes an important cognitive tool. In particular, it improves memory and thought
(Goel, 1995) and allows processing very quickly visual and spatial information. Schén and Wiggins
(1992) also point out that sketching offers an instant feedback, very economic cognitively.

This quick information processing then enhances the design process and can increase the fluidity and
variety of the exploration. However, the fact that sketching increases exploration speed does not
involve higher originality. To explain how sketches may enhance the production of an original object,
stronger generative effects should be involved.

2.2 Towards generative effects increasing originality

2.2.1 Sketching enhances reinterpretation

If the Fergusson’s categories are based on stakeholders, the eponymous functions of these categories —
thinking, talking, prescriptive — constitute actual functions of drawings within the design process. Van
der Lugt (2000, 2002, 2005) studied how the use of sketches to represent concepts impacts idea
generation meetings. He identifies three potential roles of drawing during idea generation: sketching
could provide a support for reinterpretation during the individual thinking process (in relation to a
“thinking” function) or could even support reinterpretation of someone else’s drawings (in relation to a
“talking” function). At last, sketching could give a better access to earlier ideas, fulfilling a “storing”
function. Van der Lugt compares two processes: brainstorming and brainsketching, where participants
record ideas with sketches instead of post-it notes. During idea generation meetings with industrial
designers, it appears that brainstorming generates significantly more ideas, whereas brainsketching
provides a better access to earlier ideas and helps supporting reinterpretation in the individual thinking
process. This reinterpretation enhances the creative process because it corresponds to new ways of
seeing a drawn representation and provides new directions for idea generation (Purcell and Gero,
1998). Then, sketching does not only help to process and organize information: thanks to its role in
reinterpretation, it also brings new insights to the designer.

2.2.2 Bringing new insights to the designer

In a design-oriented context, sketching brings new information to the designer, which promotes idea
generation (Schon, 1983; Suwa, Tversky, Gero and Purcell, 2001). Indeed, freehand sketches are often
dense and ambiguous, which allows the designer to see new things - new information and new ideas -
in his drawings (Goel, 1995). That’s why Goldschmidt (2003) mentions a dialogue between the
architect and his sketches. The designer reads new information and can thus enrich his reflection in
response to this new information. In the case of sequences of sketches, invisible information is also
present on the paper between the drawings. For example, the different sketches can be related to one
another: even if this relation is not visible on the paper, it constitutes information included in the
sequence of sketches. Moreover, Goldschmidt (1991) clarifies this ability of sketches to bring new
information by pointing out the role of depiction in idea generation: during “thinking loud” sessions,
architects were asked to express their thoughts while drawing and each sequence of statements was
analyzed. It appears that two types of statements could be distinguished: “seeing that” propositions
and “seeing as” propositions. The designer is “seeing as” when he uses figural argumentation and
“seeing that” when he uses non-figural argumentation. For example, he sees his drawing “as” a puzzle
and “that” this is a good way to solve the problem. Moreover, an alternation appears between “seeing
as” and “seeing that” propositions. The role of “seeing as” is to enable visual displays that help the
designer to translate descriptive propositional information into depiction. Allowing translating generic
qualities into particular forms and generic rules into specific representations, depiction plays indeed an
essential role in idea generation. Fish and Scrivener (1990) had already seen that depictive information
could be used to extract original descriptive information, and so, provide new insights for the designer.
Then, sketching can enhance the design process by bringing new information and new ideas to the
designer, which increases the originality of his exploration. However, these generative effects of
sketching are not systematic, not even of the same nature: indeed, it is not enough to sketch to enhance
the creative process. In particular, a study of McGown, Green and Rogers (1998, 2000) shows that the
design strategy used by the designer plays a key role in the efficiency of the sketching activity.
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It also exists Knowledge-oriented strategies: Le Masson, Hatchuel and Weil (2013) have pointed out
the generative power of knowledge reorganization: reordering knowledge and working mainly in
terms of knowledge can lead to the production of new objects without exploring alternative concepts.

2.3.4 Studying the generative effects of sketching within the design process

Then, modeling the alternation between concepts and knowledge allows to better understand the
design strategy followed by the designer and the generative effects involved. Moreover, we can expect
that sketches play a key role in this concepts/knowledge alternation since they bring new insights that
could be as well concepts as knowledge. In our study, we then focus more precisely on the way
sketching supports design strategies, i.e., the relation between the new insights provided by the
drawings and the design strategy used to reach originality and novelty. We especially wonder if
architects play mostly with ideas and concepts, as might be expected, and we will focus on the role of
knowledge in comparison to concepts.

3 METHODOLOGY: ANALYZING SKETCHES WITH C-K THEORY

3.1 Selected sketches

The study was led on three sequences of architectural drawings. Sketches were selected in an
architecture agency that mixes both architects and engineers. The agency is well known in the world of
architecture for its breakthrough solutions, especially in facades design. It was notably involved in the
design of the new Fondation Louis Vuitton in Paris and has developed an innovation approach around
freehand sketching. We had the opportunity to have full access to notebooks and sketches and to
frequently meet experienced architects. For the purpose of our analysis, the selected sequences had to
present original ideas, to be relatively new and of different types. We selected two sequences of
thinking sketches (made by an architect alone) and one sequence of talking sketches (made by the
same architect and other architects talking). The first sequence presents a research for an innovative
sun-breaker solution. The second sequence presents an exploration to imagine original shelves for the
agency. At last, the third sequence consists in a work to imagine a new facade for a police station.
These sequences correspond to the earlier stages of the design process and end with the emergence of
an original idea. The first sequence consists of one page of notebook (A5 format), the second, of six
pages, and the third, of twenty pages of notebook.

3.2 C-K theory to understand design strategies and generative effects behind
sketches

In order to better understand the design strategy followed by the designer and the generative effects
produced by the sketching activity, the C-K design theory (Hatchuel and Weil, 2003, 2009) was used
to model the alternation between concepts and knowledge involved in these sequences of sketches.
Since Concepts and Knowledge are by definition propositions, it was impossible to categorize
drawings, which are non-propositional devices, in the C-space or in the K-space. In order to analyze
the sequences of sketches, the architect was asked to comment the different sketches by explaining
what his reasoning was while drawing. Each sketch could then be associated with statements made by
the architect and these statements were qualified as either Concepts or Knowledge. The sketches were
put into another space, called D-space. Even if the selected sequences of drawings were relatively
new, the fact that the C-K analysis was led after the production of sketches may have involved small
deviations from the actual design reasoning: first, the architect may have forgotten some elements
about what his design reasoning really was when sketching. Second, the K or C statuses, and thus, the
design reasoning modeling, are strongly related to the designer’s reference frame and interpretation.
In addition to the four classical operators C->C, C->K, K->C and K->K, the implication of a non-
propositional device in the design process potentially introduces four new operators:
e K->D: this operator corresponds to a situation where the designer puts a knowledge that he has
already in mind, into a sketch. That could be to visualize this knowledge or even to test it.
e (C->D: This operator allows transferring a concept imagined by the designer into a sketch; since
concepts have a non-logical status, this operator could help clarifying concepts by visualization.
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Whereas the four classical operators describe what happens in the designer’s mind alone, the four
additional operators describe the interaction between the designer’s mind and his sketch. For each
sequence of drawings, the succession of operators was established in order to draw the design strategy
(Table 1). The number of K->D, C->D, D->K and D->C operators was also summarized to help
visualize their occurrence and explain the impact of sketches (D-space) on the design process.

4 RESULTS: NEW KNOWLEDGE AND K-REORDERING TO SUPPORT THE
DESIGN STRATEGY

4.1 Succession and occurrence of the different operators

The Table 2 below presents the succession of operators for the three sequences. In the “operators’
succession” section, the double slash // corresponds to a change of sketch. It also summarizes the
occurrence of each operator in relation to the D-space (K->D, C->D, D->K, D->C) in each sequence.

Table 2. Succession and occurrence of operators

Sequence Operators’ succession Operators
occurrence
K->D; D->K; K->C // K->D and D->K; D->K; K->D >
| D->C //K->D // K->D // C->D é
K->D; D->K*; K*->C // D->K (2 D>K*)
K->K; C->D and D->K* D>C 1
K->D; K->D; K->C // K->K; K->D; D->K; D->K*; K*- | ¢_>p 21
>C // K*->D; D->K*; K*->K; K*->C //K->D // K*->D
// K->D // K->D // K->D; D->K*// K->D; D->K // C->D 0
2 K->D; D->K*; K*->C // K*->D //K->D // K->D // 3
K->D // K->D; D->K; K->C // K*->D; D->K; K->C// | D->K (6 D~K*)
K->D; D->K*; K*->C // K*->D; D->K; D->K; K->C//
K*->D; D->K* and K*->D; D->K D->C 0
K->C; K->C; K->D; D->K; K->C and D->C; D->K // KSD 2
K->D and D->K; D->K; D->K // K->D and D->K;
K->D and D->K; K->C; K->D; K->C // D->K, then K-D
and K->C; D->K // C->K* and K*->D // K->D; K->D C>D g
and D->C; D->C; K*->D and K*->C; K->K; K->K;
3 K->C and C->D; D->K*; K->D; D->C; D->K*; D->K;
K->C // C->D // C->D and D->K; D->K*; K->C // K- DK 19
>D; K->D // K->D // K->D; K->C // K->D; C->D // (5 D->K*)
C->D and D->K; // K->D // K->D // K->D; K->K; D-
>K*; K*->C // C->D; K*->C and C->D // C->D; D->K* D>C 4
and K*->D // K->D; D->K; D->K; D->K and K->K

4.2 Results analysis

4.2.1 Sketches refer to both Concept and Knowledge

The earlier stages of the architectural design are often associated with fuzzy drawings and fuzzy ideas.
Therefore, it can be expected that early sketches refer mostly to Concepts rather than Knowledge.
Very surprisingly, each sketch of the three sequences refers most of the time to both Concepts and
Knowledge statements.
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cables: these two K*-elements have no connection with the shelves topic. Similarly, knowledge on
biological cells is introduced in Sequence 3 to design a new fagade. Moreover, in each sequence, the
number of D->K* operations is quite high looking at the total number of D->K operators: very
surprisingly, a lot of new knowledge brought by sketches do not appear to be related to the initial
concept CO. Then, sketches have the ability to help the designer to mobilize knowledge that he would
not have spontaneously related to the initial topic. In other words, sketches allow mobilizing
knowledge not directly related to the CO nor even to the ongoing exploration. We can easily
understand that these unexpected pieces of knowledge K* allow introducing originality in the concepts
proposed. However, since the designer follows a K-oriented strategy, it is interesting to look at the
effects of the K* on the K-basis itself. The cables are an example of K* that the designer chooses to
definitively draw aside of the exploration, as soon as he realizes that this K*-element does not allow
fulfilling one of his requirements. In fact, the K*-element “cables” involves determinism in the K-
basis since it forbids the use of another piece of knowledge (“glass tiles”). On the contrary, the
architect keeps the intertwining motif in his K-basis. It can be noted that this K*-element allows
creating interdependence (no modularity) in the K-basis without involving determinism: with an
intertwining motif, the stability, glass integration and identity requirements become strongly linked to
one another. A stable intertwining motif can allow glass integration and respect for the firm identity
(no determinism) but not every stable intertwining motif allows glass integration or respect for the
firm identity (no modularity).

Therefore, this K-reordering suppresses modularity and determinism in the Knowledge basis, which
fosters the production of a completely new object (Le Masson, Hatchuel and Weil, 2013). This
contributes to explain the generative power of the K*-elements, and thus, the generative power of
sketches bringing unrelated knowledge to the designer.

5 CONCLUSION

5.1 Understanding the generative effects of sketches with C-K theory

This study allows to better understand the generative effects of sketching by clarifying:

e The nature of the new insights brought by sketches: sketches refer most of the time to both
knowledge and concepts. However, new insights brought by sketches, even if they may be
concepts, are mostly knowledge. This knowledge is either related or unrelated to the initial topic;

e  The strategy followed by the designer and how sketching supports this strategy: here, the
designer follows a K-oriented strategy and not a C-oriented strategy as might be expected.
Sketching supports this strategy by providing new knowledge less or more related to the initial
topic;

e  The generative effects of knowledge brought by sketches: the designer carefully tests related and
unrelated knowledge and often keeps in his K-basis knowledge that allows suppressing
modularity and determinism. The production of an original object is therefore enhanced.

5.2 Implications for design practice

Design theory brings new dimensions in understanding the nature of sketching: the non-obvious
combination of C- and K-elements in sketches explains that they might have been considered
exclusively as either fuzzy concepts or basic knowledge. It also provides new insights to analyze the
way non-propositional devices — such as models, prototypes, drawings or images — impact the design
process: in addition to the C- and K-spaces and the four classical operators, the implication of a non-
propositional device introduces a new space D and four new operators. Whereas architects tend to be
depicted as working mainly with concepts, there is in fact an historical tradition of knowledge
combination in architecture: designers actually operate an important work of knowledge structuration.
Moreover, the efficiency of this structuration appears closely linked to the nature of the new
knowledge introduced. It would be interesting to study more precisely the conditions under which the
introduction of new knowledge helps producing a new object. In our study, new knowledge involving
originality consists in knowledge breaking existing rigidities i.e. classical rules within the initial
knowledge basis, such as modularity or determinism. Thus, even if it seems unrelated to the initial
topic, the introduction of this original knowledge is no mere coincidence: it follows from the very
knowledge structure related to the topic from the very beginning of the exploration.
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This study therefore highlights the importance of the knowledge structure in idea generation. One
could thus imagine to evaluate and manage creativity sessions with different rules: 1/ to look at the
knowledge structure generated, instead of the number of ideas 2/ to target knowledge leading to K-
reordering, i.e., to generate little original knowledge in order to recompose the initial knowledge basis
and favor the production an original object. Finally, thanks to their ability to combine several
knowledge and concepts, non-propositional devices could prove to be a privileged means of promoting
K-reordering during creativity sessions.
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