Conceptual designing occurs when the designer initially tries to understand the design problem and sets the situation for the following processes. It does not mean that a designer does not exhibit similar features during the remainder of the design process, but conceptual designing is the period having the richest range of ideas, problems, and creativity. It is the most interesting cognitive activities of human being. 

In terms of exploration of the cognitive process of conceptual designing, the most popular method in design studies is protocol analysis. The method provides rich information of the cognitive process of designing. Currently, there are two kinds of protocol. Concurrent protocol is best for understanding the design process and higher levels of cognitive activities, such as problem solving or goalsetting, whilst retrospective protocol is best to explore the sensory and visuo-spatial aspects of cognitive process of designing and their relationship to problem solving.  

The general procedure of retrospective protocol analysis is 

1) designing without utterances, 2) reporting with the aid of videotape documenting the design section,3) transcribing the utterance into verbal protocol, and 4) encoding design process into a series of symbols according to segment definition and a coding scheme. 

In terms of exploring cognitive process, how the experimenter require the subject to report, and what coding scheme the experimenter apply are crucial. The encoded protocol accompanying with the video are the representations of the cognitive process of designing.

Usually, protocol is parsed by the segment definition. The definition in this presentation is that one segment accounts for a designer’s single intention, and therefore consists of pieces of information that appear to have occurred simultaneously in the designer’s mind. A new segment is flagged by the shift of thought and by the change of physical actions, such as sketching. The length of a segment may range from couple words to several sentences.

Segments are the first source for understanding the cognitive aspects of designing. According to the assumption, it is the unit of thinking. Therefore, the amount and frequency of segments could be utilized to explore the richness and speed of a thinking process. The connections between segments could be used to explore the flow and dependencies of the thinking process. Linkography proposed by Goldschmidt is a good example of this.

After segmentation, the protocol is encoded by coding scheme. The coding scheme this presentation is going to describe was well-established by Suwa, Purcell, and Gero in 1998 and further modified in 2000. It has been applied by authors in a series of research (Gero and Tang 1999; Tang 2000, 2001a, 2001b, 2001c). This coding scheme is an attempt to understand the cognitive aspects of the design process. 

It consists of four cognitive levels that imply the sequential process a stimulus goes from the external world to the internal world vise versa.

It is named design content-oriented coding scheme, DCOCS. 

The four cognitive levels in DCOCS are follows. Physical level is the process including the instances that have direct relevance to the external world, comprising drawing, looking, and moving actions. Perceptual level is the process concerning the instances of attending to visuo-spatial features and relationship in the automatic perceptual mechanism. Functional level is the process relating to the instances of functional references attached to visuo-spatial features/relationship. Conceptual level is the process concerning the instances that process abstract concepts, aesthetics, and knowledge.

Levels are the second source of exploring the cognitive process of designing from the involvement of different types of cognitive activities. There are different types of segments in terms of levels of DCOCS, such as visual only segment, conceptual only segment, segment with complete levels.

The observed occurrence of an action or an event in the aforementioned level is named an instance of a level to avoid ambiguity of terminology. For example, looking at depictions is a looking instance of the physical level. 

In the original setting, there are three kinds of instances in physical level, consisting of looking, drawing, and others. Similarly, there are three kinds of instances of conceptual level, consisting of goalsetting, aesthetics, and knowledge. There is only one kind of instance in perceptual and functional level. The instances of levels form the third source to explore the cognitive process of designing. 

Finally, the attributes and dependencies of each instance form the four source of exploring the cognitive process of designing. A coded segment will be demonstrated to illustrate the richness, intra-linkage, and inter-linkage of instances. 

Based on DCOCS and its elements, a design process is symbolically represented by segment, level, instance, and its attributes and linkages. Some interesting phenomena of the cognitive process of designing therefore could be explored systematically. For example, how the unexpected discovery of visual activity, re-interpretation of the functional reference, and emergent goalsetting provoke the situatedness of the process and the creativity of the results. 

The cognition-based protocol analysis is a promising research area. This cognition-based coding scheme is a good example of how to explore the cognitive aspects of the design process. Many interesting research problems could be proposed from this coding scheme to form a better future of cognition-based design research. Finally, the deficiencies and problems of this method will be discussed.
