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Abstract. This paper presents the results of a pilot protocol study of 
the design behaviour differences of designers. The aim of the study 
reported in this paper is to understand the similarities and differences 
in designers’ behaviour using Sequential Mixed Media (SMM) and 
Alternative Mixed Media (AMM), and how switching between media 
may impact the design process. Two designers with at least one-year’s 
professional design experience and with a Bachelor of Design degree, 
and are competent at both sketching and CAD modelling, participated 
in the pilot study voluntarily. Video recordings of designers working 
on different pilot projects were coded utilising Function-Behaviour-
Structure (FBS) ontology and interviews of switching were catego-
rised into three types. Preliminary results indicate that switches be-
tween sketching and CAD modelling may influence how designers 
identify problems and develop solutions. In particular, some codes of 
structure change to documentation when switching from sketching to 
CAD modelling. These switches are able to integrate both design tools 
into one design medium. 

Keywords. Design behaviour; FBS ontology; mixed media; protocol 
analysis.  

1. Introduction  

Current research has shifted from analysing individual design media to ana-

lysing the impact mixed media on designers’ behaviour during the early 

phases of design. In empirical studies conducted by Chen (2007) and Ibra-

him and Rahimian (2011), designers were asked to initially use traditional 

sketching before shifting to CAD modelling. This use of mixed media, in 



124 Y. T. SHIH, W. D. SHER AND M. TAYLOR 

which one shift between media occurs, is defined as Sequential Mixed Me-

dia (SMM). Researchers (Do 2005; Sachse et al., 2001) have found, howev-

er, that designers prefer to move freely between media, alternating between 

sketching and CAD modelling as it suits them (like Do’s (2005) concept of 

“the right tool at the right time”). This method is termed Alternative Mixed 

Media (AMM) and is popular among designers and design students.  

This paper presents the results of a pilot study of the different design be-

haviour of architectural designers when using SMM and AMM. Most of the 

understanding have about designers’ behaviour in mixed media environ-

ments is based on studies of SMM. Few studies have used AMM to explore 

the switches between design tools and the factors that trigger these switches 

(author). This paper reports on a pilot study of SMM and AMM design ses-

sions using protocol analysis. When switches in AMM design sessions were 

observed, the designers were interviewed and asked for their reasons for 

switching. Interviews were conducted after design tasks had been completed. 

The designers’ behaviour using SMM and AMM were compared and the 

impacts of the switches on AMM design process were explored.  

In the remainder of this paper, the concept of mixed media design studies, 

protocol studies, and the framework for applying FBS ontology in mixed 

media are introduced. The pilot study is then presented. The final part of the 

paper discusses the preliminary results and the impact of switches on the de-

sign process. 

2. Protocol Studies 

To better understand the differences of designers’ behaviour in the design 

process as described above, protocol analysis, which involves a “think 

aloud” approach to document and analyse a designer’s decision-making pro-

cesses, will be utilised. Protocol analysis is an ethnographic approach to cap-

turing and analysing thought processes in order to determine the ways in 

which these thought processes inform the physical actions of the designer. 

The designers’ behaviour and spoken thought processes are then encoded 

against a predetermined coding scheme. Protocol analysis will assist in better 

understanding the impact on designers’ behaviour during the design process. 

Gero’s Function-Behaviour-Structure (FBS) framework was developed in 

1990 and has evolved over the last two decades. Many protocol design stud-

ies have adopted the FBS model to describe design processes and tasks 

(Gero and Kannengiesser, 2004). Some researchers argue that the definition 

of function has not been stable over the years and that the FBS model is both 

descriptive of actual designing and prescriptive of improved designing (Tang 

et al., 2011). Thus, the definition of FBS has been revised to encompass this. 
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The FBS model is defined as a process-oriented design theory in which de-

signing is understood as a sequence of distinguishable stages.  

FBS ontology (Figure 1) situates designing in terms of three basic classes 

of variables: function, behaviour, and structure. In this view, the goal of de-

signing is to transform a set of functions into a set of design descriptions (D). 

The function (F) of a designed object is defined as its purposes or teleology. 

The behaviour (B) of that object is how it achieves its functions and is either 

derived (Bs) or expected (Be) from the structure. The structure (S) comprises 

the elements of an object and their relationships. A design description is 

never transformed directly from the function but undergoes a series of pro-

cesses among the FBS variables. These processes include: a formulation (F > 

Be) which transforms functions into a set of expected behaviours; a synthesis 

(Be > S), wherein a structure is proposed that is likely to exhibit the expected 

behaviour; an analysis (S > Bs) of the structure produces its derived behav-

iour; an evaluation process (Bs - Be) acts between the expected behaviour 

and the behaviour derived from structure; and documentation (S > D), which 

produces the design description [6,10,11]. Depending on the structure there 

are three types of reformulation, where new variables are introduced: refor-

mulation of structure (S > S), reformulation of expected behaviour (S > Be), 

and reformulation of function (S > F). Reformulation of function is relatively 

rare, as it changes or redefines the design problem.  

Finally, the primary advantage of FBS model is that it clearly shows the 

relationships between the eight transformation processes and the three basic 

classes of variables, therefore, this model will be applied in the study to 

identify behavioural patterns in SMM, and AMM design sessions. 

 

 

Figure 1. FBS ontology (taken from Gero, 1990).  

2.1. DEVELOPMENT MIXED MEDIA CODING STRUCTURE 

This paper studied designers’ behaviour when using a mixed media design 

environment unlike other research (Bilda and Gero, 2006; Suwa et al., 1997; 
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1998; 2000) which studied designers’ behaviour when using single design 

environments. Both sketching and CAD modelling facilitate design process-

es as external aids. A coding scheme structure has to distinguish the design-

ers’ behaviour in both design environments when using mixed media (Fig-

ure 2). Based on FBS ontology, both sketching and CAD modelling design 

environments consist of six design issues (R, F, Be, Bs, S, and D) so that dif-

ferent distributions of the design issues can be compared when using SMM 

and AMM. 

 

Figure 2. Structure of FBS ontology in mixed media design environment.  

3. Experiment Design 

Protocol analysis can be used for a single participant, or a team of partici-

pants. However, it is important to minimise the participants’ influences in 

order to ensure the reliability of the results. Two architectural designers were 

recruited as participants in the pilot study, initially from those whose re-

sponses indicate they could best satisfy the criteria. In order to be included in 

this pilot study, the designers must have: 1. a tertiary degree in architecture 

with a minimum of one-year of professional architectural practice experi-

ence; 2. design degrees that have been obtained within the last three years so 

that the professional architectural practice experience is similar; 3. compe-

tence in both sketching and CAD modelling (e.g. ArchiCAD); and 4. compe-

tence in practising and communicating design in the English language. Ar-

chitectural designers often design buildings such as houses and office 

buildings, so this study provides an existing building model, including the 

2D layout and CAD model. Participants were then asked to use this model to 

randomly design a building for different purposes: office, dream apartment, 

and art gallery design.  

4. Pilot Results 

4.1. CATEGORISATION INTERVIEW OF DESIGN SWITCHES  

The participants’ interviews for their switches after AMM session were con-

ducted. The interviews with participants pointed out to a single conclusion 
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that they would not find it as easy to design if they were not allowed to 

switch. The common view was that by switching between sketching and 

CAD modelling they were able to complete the design task smoothly. The 

process was likened to tracing their idea from one paper to another. Table 1 

shows examples of design switches including “eye” and “eye with hand” 

from sketching to CAD modelling or CAD modelling to sketching.  

Table 1. Examples of design switches.   

 
 

Figure 3 demonstrated that design switches between sketching and CAD 

modelling are essential. Categorising the information we obtained in the in-

terviews with our participants we summarised what design switches do for 

them: 

 The first type of the design switch, from sketching to CAD modelling (S→C), 

changes a design issue of FBS ontology from structure (S) to documentation 

(D): “I was trying the hand-sketched design in the CAD environment so as to 

better understand its function in terms of scale, section and elevation” and 

“moved it onto CAD”. 

 The second type of the design switch, back and forth between sketching/ 

CAD modeling and design brief (S/C↹R) within seconds, evaluates the simi-

larity and difference between their sketches/CAD models and design briefs 

which will be coded requirements (R): “I was switching back and forth so I 

can check that I have satisfied the requirements of the set brief”.  
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Participant A: 

 
 

Participant B: 

 

 

Figure 3. Participant A and B in AMM design session. 

4.2. COMPARSION FBS DESIGN ISSUE DISTRIBUTION BETWEEN 

SMM AND AMM 

In this section, we report the general results of protocol coding by applying 

the Delphi method (Gero and McNeill, 1998). A high level of agreement was 

achieved between arbitrated protocols and two rounds of coding which con-

tains an interval of two weeks. The coding consistency shown in Table 2 

demonstrated the coding of protocol data was reliable. Then we report the 

comparisons of design issues distribution between SMM and AMM.  

Table 2. Summary of segmentation and coding results 

Participants Design sessions Coding 1 vs. Arbitrated (%) Coding 2 vs. Arbitrated (%) 

Participant 

A 

SMM 76.5 84.8 

AMM 74.1 86.3 

Participant 

B 

SMM 77.2 82.7 

AMM 72.8 85.4 
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Figure 4. Design issue distributions of participant A and B in SMM and AMM. 

Since the design sessions and participants varied, we normalised the fre-

quency distribution of design issues by converting to occurrence percentages, 

as shown in Figure 4. Participant A and participant B produced qualitatively 

similar distributions in design issues in SMM and AMM. The six design is-

sues of their cognitive activities can be divided into three groups in the fol-

lowing order: structure (S) and documentation (D) > actual behaviour (Bs), 

expected behaviour (Be) and function (F) > requirement (R). In AMM de-

sign sessions, documentation (D) of participant A was significantly higher 

than that of participant B (34.1% > 12.5%). In contrast, requirement (R) of 

participant B was significantly higher than that of participant A (11.8% > 

3.2%). These changes demonstrate that designers’ switches may impact on 

their design processes when using AMM.  

In the following data analysis, we preset the above two design issue dis-

tributions in sketching and CAD modelling for SMM and AMM design ses-

sions (Figure 5). A comparison of the two participants’ results shows that the 

total distribution of documentation (D) issue in SMM is similar; the percent-

age of using sketching and CAD modelling is similar. On the other hand, 

participant A produced a higher percentage on documentation (D) in terms 

of total, sketching and CAD modelling distributions than participant B’s. 

There are a number of reasons why participant A’s switches change the de-

sign issue from structure (S) to documentation (D): “Transferring the sketch 

plan to the CAD environment” and “Then moved it onto CAD”, as referred 

to the first type of design switch (S→C) in the context of the paper. Figure 6 

shows how participant A facilitated the design process on documentation (D) 

issues by switching between sketching and CAD modelling. 
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Figure 5. Documentation distributions of participant A and B in sketching and CAD. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Examples of participant A’s design switches. 

Figure 7 shows that participant B produces the highest percentage on re-

quirement (R) because he regularly switches between sketching/ CAD mod-

elling and the design brief. The reasons given are: “I moved from sketching 

to the CAD environment because I wanted to start designing in a virtual set-

ting to understand the spatial and scale requirements of the brief. I noted that 

as the 3D model is readily available, I can begin to make immediate changes 

to form the new design proposal”; “I noted that I was cross-checking the re-

quirements of the brief so I can keep on task with my current design inten-

tions” and “In the final stages of completion, I noted that I was switching 

back and forth so I can check that I have satisfied the requirements of the set 

brief”, as referred to in the second type of design switch (S/C↹R) in the 

context of the paper. In addition, this type of design switch refers to the pre-
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vious protocol studies such as “situative invention (S-invention)” and “co-

evolution”. According to Suwa et al. (2000), S-invention refers to designer 

activities that extend beyond the initial definitions of the problem-space, 

helping designers to form new goals for the solution-space to address signif-

icant parts of the design problem. Cross and Dorst (1999) posited the model-

ling of the design creativity as a co-evolution for both problem and solution 

spaces.  

 

 

Figure 7. Requirement distributions of participant A and B in sketching and CAD. 

5. Discussion and Conclusion 

The main question addressed by this study was whether designers’ switches 

between sketching and CAD modelling can influence design processes. We 

hypothesised that designers’ switches are effective in influencing design 

processes. Several lines of evidence support the hypothesis. First, we showed 

that the designers switched many times between sketching and CAD model-

ling during AMM design processes. Second, a design issue will change from 

structure to documentation when designers switch from sketching to CAD 

modelling. A possible mechanism by which designers’ switches influence 

the design processes is Do’s concept of “the right tool at the right time” (Do, 

2005). A few published studies (Chen, 2007; Ibrahim and Rahimian, 2011) 

in design behaviour have found mixed media is the most effective external 

representation tool because it generates higher quality solutions than CAD 

modelling on its own. However, most of these studies were asked to initially 

use sketching before shifting to CAD modelling. Interestingly, we observed 

that the designers spent more time on CAD modelling than sketching during 

designing. One advantage of our study is the AMM experimental set-up, 

which is close to the real design circumstances. In conclusion, this study 

demonstrates that the designers’ switches are effective in influencing design 
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processes because the switches integrate both sketching and CAD modelling 

as one design medium. 
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