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Design cognition research emerged from the multi-discipline cooperation between design science, cognitive
science, and cognitive psychology in an attempt to explore the design process. The ultimate goal of design
cognition was to provide cognitive foundations for establishment and modification of design methodol ogy
and tools. The quality of human life was in turn improved by better design results. Protocol analysisis one
of the major research methods used in design cognition research. Under its assumptions, researchers could
observe the cognitive processes of designing, including the use of long-term and short-term memory, the
perception of visuo-spatial relationship, the physical aspects of sketching, and the interlinked interaction
between different cognitive levels.

Design sketches research has been one of the most important issues in design cognitive research. It
importance comes from three aspects: the historical roles in design methodology, providing inspirations for
innovation and creativity, and enhancing designers cognitive abilities. Another important issue is design
knowledge. The rich accumulation of design knowledge distinguishes design experts from novices. Design
knowledge provides principles for design methodology and education, and also realizes the idea of expert
system in aiding design. The emerging research topic is to explore the interaction between design sketches
and knowledge, understanding their rolesin creativity.

In design practice, the emergence of digital architecture has been the most interesting and important issuein
the turn of this century. A new generation of architects have passionately started to utilize digital mediato
explore new concepts for spaces and living. Digital media, however, has not yet become a research topic in
design cognition research although computer-aided design has been an important research area. The
absence of digital media study impairs our understanding of the differences between general design and
digital design, so we cannot fully utilize the power of digital mediain the design process.

From the interviews of architects using digital media, we realized they did not obey the genera beliefs in
design methodology. Without drawing sketches, they started from precise three-dimensional computer
models toward the end of design. This ubiquitous characteristic of digital architectsinspires this research to
explore the roles of design sketches and knowledge in genera design process and digital process. This
study intends to explore the roles digital sketches and knowledge using protocol analysis. The differences
between general and digital design process, the interaction between digital sketches and knowledge, and
their rolesin creativity will be revealed.

This research intends to establish the cognitive digital design studies. Based on digital architecture, we
examine the cognition in digital design to connect the theories and knowledge in general and digital design.
The results can provide the cognitive foundations for digital design and examine the possibilities of new
design method and process.
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1.1 (Design Sketches Sudies)
(Goldschmidt, 1991; Schén

& Wiggins, 1992; Goel, 1995; Suwa, €t a., 1998).

(unexpected discovery) (re-interpretation)
(information-processing) (Simon, 1992)
Schon &
Wiggins (1992)
(Schon & Wiggins,1992) Godl (1995) (latera

transformation)
(Goldschmidt, 1991; 1994; 2001)

seeing-as
Purcell & Gero (1998)
(working memory)
(imagery reinterpretation) (mental synthesis)
Suwa, Purcell & Gero (1998)
(physical)

(perceptual) (functional) (conceptual)
1.2 (Design Knowledge Studies)
Cross (1982) (designerly ways of knowing)
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(Akin, 1979) (Passive design knowledge)

(Darke, 1979)

(active design knowledge) Schon (1995)

(Cross, 1982)

Heylighen et al (1999)

Tang(2001)

1.3 (digital design sketches and knowledge)
(genera design process)

(cyber space)
(Chang, 1999; Maher, 1999; Gabriel and Maher, 2000)
(Mitchell, 1999) Liu(2001)
(Network Environment) Liu, Eisenman, at €l(2001)
(digital design process)

(wire frame)
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3.1

(protocol analysig/ think aloud)(Ericsson & Simon, 1993;
van Someren, et al., 1994; Cross, et a., 1996)
(design quality measurement)
alphs-coefficienct

(Ericsson & Simon, 1993; van Someren, et al., 1994; Cross, €t al.,
1996) (Dorst &
Dijkhuis, 1995)
(Eastman, 1970; Akin, 1979; Akin, 1984)
(Stauffer & Ullman, 1991)
(Guindon, 1990) (Gero & McNeill, 1998) (Cross, et al., 1996)
(Akin, 1984; Akin, 1986; Akin, 1993) (Eckerdley, 1988)

(Lloyd, et a., 1995; Gero & Tang, 2001)
(Suwa & Tversky,
1997; Suwa, et al., 1998; Suwa, et a., 2000; Tang & Gero, 2001d)

(kavakli & Gero, 1999; Tang, 2001; Tang & Gero,
2001)

3.2

A. (verbalize)
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(Figure 1)
B.
C.
D.
4.1
(GM)

(think-al oud)

Schon & Wiggins (1992)

Figure 1. Schon & Wiggins (1992)
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CMPA  NEPA

CMPA  NEPA
4.2
Schon & Wiggins (1992)
making and seeing doing and discovering Liu(2001)
(Figure 2)
rendering

Figure 2.
4.3
(ST-SA)
(seeing that) (seeing as) (SNS)
(FU-FO)
(VI-NVI)
Schon and Wiggins(1992) - - (seeing-moving-seeing)

(visual apprehension)
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(visua
information) (non-visua information) (Suwa and Tversky, 1996)

(functional thoughts)
(functional thoughts)

51 (Heterogeneity of actors)
5 5
1 5
1
4 4
2 2
1
2
(node) (link) (navigate)
6
6 6
3
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5.2

53
531

(Goel, 1995)

CMPA

2D

(Sophistication of seeing)

(association field)
(Related Association)

TMPA
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TMPA

532

CMPA

(link following)
(destination node)

(table 1)

(CMPA)

NEPA STM STM
TMPA
NEPA
(source node) (anchor)
(TMPA)
(NEPA)
CMPA  NEPA
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Table 1.

VERBAL 2796 3432 3515
STM vs. Non-STM 1600 vs. 973 1646 vs. 850 653 vs. 2464
Function vs. Form 534 vs. 449 224 vs. 630 210 vs. 705
VI vs. NVI 816 vs. 1757 1621 vs. 500 790 vs. 420
223 434 399
(link
following)
(source node)
(anchor)

(destination node)
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