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Abstract: In design studies, information-processing and 
reflection-in-action paradigms were mainstreams in describing 
designing. This study however took the viewpoint of the visual design 
reasoning theory where abstract, conceptual knowledge and 
perceptually-based knowledge were interlinked. The major purpose 
was examining the design process using visual design reasoning to 
discover the essential features of design activities. The minor purpose 
was to demonstrate the differences between a novice and an expert 
result from the dissimilar abilities of visual reasoning. Retrospective 
protocol analysis and DCOCS were utilized to explore the interactions 
between physical drawing and goal-setting. Two main findings were: 
visual reasoning occupied significant portion of the design process, 
and to continuously apply visual reasoning is the essential ability of an 
experienced designer. The idea of visual reasoning was discussed. 

1. Introduction 

Sketches made by designers during the design process play multiple roles for 
both designers and the design process (Purcell & Gero, 1998). They serve as 
an external memory to augment the limitation of human cognitive abilities, 
as the medium used to communicate with themselves and others, and as the 
triggers enabling designers to reason a design problem (Suwa, Gero, Purcell, 
2000; Goldschmidt, 1994, 1991; Schön & Wiggins, 1992). 

It is the last role that reflects an increasing recognition that a 
perception-based view of design sketches is not sufficient to describe their 
roles in design. This type of conceptual thinking process relates directly to 
sketches and visual perceptions according to our better understanding of the 
roles of sketches, and their relationship to different parts of the design 
process. 
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The essential relationship between sketches and the design process was 
highlighted by Schön & Wiggins (1992). The kinds of seeing and their 
functions in design and the relationship between seeing and the appreciative 
system were related to the functional references attached to the sketches 
themselves. The dialectics between figural reinterpretation and non-figural 
functional references in design sketches was proposed to describe the same 
idea (Goldschmidt, 1991). 

1.1 VISUAL REASONING 

 An explicit definition of visual reasoning is still emerging, although the 
concept of visual reasoning in design has been explored in a serial of 
conference, entitled visual and spatial reasoning in design. In these 
conferences, some definitions were proposed.  

Visual reasoning is the cognitive process that links abstract, concept 
knowledge and perception-based knowledge (Tversky, 1999). It refers to the 
drawing of inferences from visual representations to abstract knowledge. 
Consequently, sketches are different from images such that sketches 
physically reflect conceptualizations of the visual reasoning process. 
Drawings are representations of reality and can provide insights into 
conceptualizations. The representation, segmentation, and orders of 
depictions reveal the organization and components of the underlying 
conceptual elements.  

Design visual reasoning is the reasoning phenomenon between figures 
and concepts until the interactions provide satisfactory design requirements 
(Goldschmidt, 2001). Through the study of regrouping of depictions, Suwa 
(2001) regarded visual reasoning a mechanism that provide new meaning to 
regrouped depictions. There depictions and vague concepts enable designers 
have multiple representations of sketches to reason the design. 

These ideas constitute our hypothesis that the conceptual design process 
using sketches is a visual reasoning where sketches are the media amongst 
physical, perceptual and conceptual activities, enabling the design process to 
progress. Sketches provide a mechanism for the logical and systematic 
thinking process of design to happen, and the mechanism is named design 
reasoning. During the design reasoning process, a wide range of visual 
activities are usually involved, including imagery, sketching, perception, 
associating depictions to meanings. Therefore, the idea of visual reasoning 
indicates an interaction between external sketches and internal concepts and 
the complex interactions in-betweens. 

The design process is therefore a conversational and iterative process 
between a designer’s internal ideas and external sketches. Inspired by these 
ideas, this paper addresses the questions: how much visual reasoning occurs 
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in a design process, and whether the ability to visually reason is the 
difference between an expert and a novice. 

2. METHOD 

This study applied a retrospective protocol analysis (Ericsson & Simon, 
1993). Three experts and seven novice industrial designers participated in a 
reading-lamp design project. Two war-up exercises were given to accustom 
subjects to the experimental process. After design sessions, they gave 
protocols with the aid of videotapes documenting their design processes. The 
protocol data was segmented and analyzed using the design content-oriented 
coding scheme (DCOCS) devised by Suwa and his colleagues (Suwa, 
Purcell & Gero, 1998; Suwa M, Tversky, 1997). The dependencies and 
inter-linkages among different levels were identified, for example, a 
designer’s perceiving spatial features was described by DCOCS as a 
perceptual/seeing instance depending on a physical/drawing instance. This 
kind of dependencies established the linkages between different cognitive 
levels within a meaningful duration, segment. 

Segment was the unit to parse raw protocol that was transcribed from the 
audio part of the experiment. The segment of protocol was decided along 
lines of designers’ intentions and actions, instead of time unit, verbalization 
events or syntactic markers. The designer's intention therefore was 
interpreted in each segment, and each segment represented one single 
intention of the designer. 

The foci of our exploration were the linkages during each segment. They 
revealed the relationships between designers’ cognition and sketches. Two 
independent coders participated in the encoding process. Details of the 
encoded process have been published previously (Tang, 2002).  

Finally, two distinct subjects were selected to further analyze according 
to the following criteria: 1. both design and experimental processes were 
smooth. 2. Both design sketches were rich and concepts were good. 3. Their 
experiences in design were distinctly different. One was very good 
award-winning master student, and the other was an excellent 
award-winning design practitioner with 16 years of experience in industrial 
design. 

3. How to identify visual reasoning 

The following is a translation of the transcripts of the expert from segment46 
to segment50.  

Table 1. Segment 46-50 of the retrospective protocol of the expert (MID 92 E01) 

Segment Timestamp Retrospective protocol 
46 18:13 I would like to see it from details and see if there 
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is anyplace I can improve  
47 18:23 At this time, I found that ..that wheels are too ugly 
48 18:30 So I hope to give it a …without wheels….a base 

like a Frisbee  
49 18:35 This is to provide better feeling of that you can 

walk around 
50 18:43 That this time I am thinking the structure from 

side view….later to see if I can play with the form 
from 3 dimensions 

In the video, the subject looked at the upper circle area and drew the shape in 
the bottom circle, Figure 1。 

 
Figure 1. The drawing activities during segment 46~50 

Based on the retrospective protocol and corresponding activities, we 
speculated that the subject was trying to reason the direction for 
improvement through reading his existing depictions. With the segment 
number and the encoding of goal-setting, we described his design process as 
follows. He tried to modify the original shape (segment 46, UG), realized the 
wheels were ugly (segment 47, AG), regarded them inappropriate to the 
design goals and modified the shape to a Frisbee (segment 48, AG), and 
finally the Frisbee shape fitted the function of moving around, the design 
goals (segment 49, AG). After this serial of reasoning, he started another 
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goal by reading the shape from different angel (segment 50, UG). Here UG 
stands for an unsatisfied goal-setting and AG for an achieved goal-setting. 
According to DCOCS, the design process of segment 46~50 could be further 
represented as Table 2. 

Table 2. The encoded table of segment 46~50 

Segment No. 46 47 48 49 50 

Physical D/L-action L D/L D/L L Dc/L 

Perceptual P-action   Psg  Pfp 

Functional F-action  Fn Fn Fo  

Conceptual Goal UG AG AG AG UG 
 

There were three visual reasoning segment identified, segment 46, 47, 48. In 
segment 46, a goal-setting triggered looking actions, and this looking action 
resulted in an evaluation in the following segment. Therefore, a top-down 
process with reading sketches resulted in a progress of design process, an 
evaluation of current design. This reasoning process continued until the goal 
was satisfied. What we can find is a systematic way of using sketches to 
setup a new sub-goal that can then trigger a reasoning process through the 
media of sketches. During this reasoning process, sketches, seeing, 
perceiving were close connected, and thus a visual reasoning process 
through 3 segments was identified. Segment 49 and 50 were not regarded as 
visual reasoning segment because they did not trigger the next segment. 
With the definition of visual reasoning segment, we can than examine the 
portion of visual reasoning in a design segment and the difference between 
the expert and the novice. 

4. The differences between expert and novice 

The expert produced 8 concepts and 22 sketches of vertical development, 
including details and modifications of the 8 original concepts. In the 
developing of the first 3 concepts, the expert occasionally paused and gave 
up, and in the following concepts, the design process was stable and the 
previous 3 concepts were further developed. In the concept name, 2-1 
indicated the concept was related to concept 1, but stood as a complete 
concept. Concept 2-1 was his favorite idea. Table 3 presented the encoded 
results of the expert. 

Table 3. The encoded results of the expert 
Concept Name Segment Number V.R. Number V.R. Ratio 

(V.R./ segment) 
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1 37 11 30% 
2 28 15 54% 
3 9 4 44% 
4 40 20 50% 
5 44 25 57% 
6 66 31 47% 
2-1 30 19 63% 
3-1 37 23 62% 
Sum 291 148 51% 
The novice produced 9 concepts and 12 sketches of vertical development. 
The content of his design process emphasized much on the modification of 
the forms. Different concepts were not connected. Concept 9 was his favorite 
idea. Table 4 presented the encoded results of the expert. 

Table 4. The encoded results of the novice. 

Concept Name Segment Number V.R. Number V.R.Ratio 
(V.R./segment) 

1 16 3 19% 
2 25 3 12% 
3 39 11 28% 
4 31 12 39% 
5 17 9 53% 
1-1 16 8 50% 
7 37 17 46% 
8 14 7 50% 
9 22 12 55% 
Sum 217 84 39% 
 
First, visual reasoning segments occupy more than 40% of the total segments 
in both subjects. Visual reasoning process is very important in the design 
process. Second, the expert had 80 percent more of the visual reasoning 
segments than the novice, and 35 percent more of the segment number in 
total. Experienced designers have more intensive thinking and more 
importantly higher rate of applying visual reasoning in the design process. 
Third, both the favorite concepts of subjects had the highest V.R. ratio, that 
is the number of the visual reasoning segments in a concept divided by the 
total segment number. Therefore, better visual reasoning produced a better 
concept or vise versa. 

We plot the differences of visual reasoning in every 5 minutes. In average, 
the designers had double visual reasoning segments than the novice, and the 
difference is statistically significant (p<0.05), Figure 2. 

Tang, H.-H. & Tsai, L.-H. (2005). Visual reasoning in the design process, International Workshop on Understanding
Designers'05, University of Provence, Aix-en-Provence, France, pp.119-127. (17-18 Oct 2005)



Figure 2. The difference of visual reasoning in every 5 minutes 
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The visual reasoning plays an important role in the design process. Expert 
designers can utilize visual reasoning more than the novice.  

5. The Distribution of perceptial and conceptual instances 

The instance in DCOCS referred to an observed occurrence of a specific 
cognitive activity; depicting a line was anl instance in the physical cognitive 
level. It was named physical instances. There were many different kinds of 
instances in DCOCS corresponding to cognition, but, for the purpose of this 
study, mainly studied were the instance and its associations with perception 
and conceptual level. Respectively, they were named perceptual and 
conceptual instances. 

The distribution of the perceptual instances of the novice and the expert 
showed a significant difference (P<0.05), Table 5. In total, the expert had 
70% more of perceptual instances than the novice did. 

Table 5. The distribution of perceptual instances per time unit. 

Time Unit 1 2 3 4 5 6 7 Averaged 
Expert 4 26 34 34 20 26 32 25.1 
Novice 13 12 16 10 17 16 15 14.1 

 
However, the distribution of the conceptual instances did not demonstrate a 
significant difference, Table 6. The results further enhanced our assumption 
about the importance of visual reasoning because the main difference of our 
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expert and novice was not the number of conceptual thinking but the number 
of perception. The high frequency of perceptual was related to the high 
frequency of visual reasoning of the expert. 

Table 6. The distribution of conceptual instances per time unit. 

Time Unit 1 2 3 4 5 6 7 Averaged 
Expert 13 41 37 20 14 34 42 28.7 
Novice 19 17 26 40 23 15 18 22.6 

 
In conclusion, visual reasoning occupied significant portion of the design 
process as well as perception. Seeing related activities are crucial in the 
design process. Second, to continuously apply visual reasoning is the 
essential ability of an experienced designer. An experienced designer sees 
more often and applied its consequence better.  

Quantatatively, we can find some evidence about the visual reasoning, 
but qualitatively there are still many issues remained to explore. Our next 
step is to plot the interrelationship between design intention, visual reasoning, 
perception and conceptual instances. More detailed operation of visual 
reasoning hopefully could be found. 
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