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Abstract. Designers interact with a wide range of design tools, in a 
variety of ways, in order to support their work. Any attempt to produce 
digital tools aimed at supporting ideation raises the question of the kind 
of information considered account and what is appropriate to the needs 
and expectations of designers. We developed and implemented an 
assessment method for digitally supported conceptual design based on 
reflective conversation, flow, cognitive ergonomics and activity theory. 
Our approach opens up the evaluation spectrum to include parameters 
beyond performances factors for conceiving new digital design tools. 
This assessment approach considers user (the designer), action (idea-
tion) and object (the tool) in the ideation process, namely the designer’s 
experience interrelated to the needs of the task and the characteristics 
of the tool. In this paper we present the results of several research pro-
tocols in which we observed, analyzed and successively acted upon five 
different stages of the interface of a design tool as it was being devel-
oped, the Hybrid Ideation Space (HIS). Taken as a whole, these results 
suggest the limits and support of designers’ optimal relationship with 
an ideation interface.

Keywords. Ideation; assessment method; design tools; human com-
puter interaction. 

1. Introduction 

We frequently speak well of the sophistication of computer-based tools and 
the revolution they have brought to the activity of design in how we act and 
interact, but we seem to forget that the initial design process, the conceptual 
design phase, is still done with freehand sketches. At this point, most digital 
tools do not support ideation in the way they should, partly because most 
of them were conceived for other purposes and other disciplines. We need 
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to look into the development process of digital tools that support conceptual 
design in order to understand why these tools play a limited role compared to 
sophisticated representations of already conceived ideas. This paper presents 
the results of several research protocols in which we observed, analyzed and 
successively acted upon five different stages of the interface of a design tool, 
the Hybrid Ideation Space (HIS) (Dorta, 2007), as it was being developed. 
The HIS supports sketching and working with physical models in an immer-
sive environment dedicated to ideation. The assessment method in this study 
for digitally supported conceptual design is based on reflective conversation 
(Schön, 1983), flow (Csikszentmihalyi, 1990), cognitive ergonomics (Hutch-
ins, 1995) and activity theory (AT) (Kuuti, 1996). Teams of two industrial 
design students worked in the HIS during the conceptual phase of an ad-hoc 
design project. The ideation process inside the HIS was examined through 
video analysis as well as questionnaires. Three levels of activity were consid-
ered for the video analysis: operation, action and activity level support. The 
results from each successive protocol have led to pertinent improvements to 
support designers’ cognitive processes, making the HIS more intuitive with 
every modification.

2. The challenge of evaluating digital tools 

Over the last three decades, design research has largely focused on computer-
centered tools imitating hand-driven design. Many studies (Gross et al, 1996; 
Stappers, 2003) which compare computer-aided design (CAD) systems with 
sketching to identify how well these support conceptual design, show two 
results: CAD systems are at a disadvantage to support ideation, considering 
how sketching suits designers’ cognitive process. The CAD/sketch compari-
sons do not reveal the kind of support designers need during ideation. Digital 
tools often have an interface conceived with the principles of human com-
puter interaction (HCI), that sees the interface’s usability as critical. But HCI 
research addresses the evaluation of design tools in a different way: ‘Con-
ceptual design receives scant attention in HCI literature, with the balance of 
research firmly on technical developments and system-specific evaluations’ 
(Sener, 2005). Salim and Burry (2010) discussed the key requirements for 
CAD systems and proposed the notion of software openness. Where the 3D 
parametric software is openly customized, allowing the exchange of informa-
tion often needed by architects and engineers, as well as a better integration of 
physical and virtual information, making the transitions between these envi-
ronments seamless. New ways of interaction with CAD systems are in con-
stant development, such as the Wiimote plug-in for Autodesk Design Review 
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by Autodesk Labs (Sheppard, 2009).  The Wiimote is used for navigation 
through the 3D models. This combination of sensor and physical comput-
ing devices has the potential for innovative ways of designing. Consequently, 
as pointed out by Salim and Burry (2010) software openness in parametric 
design tools will depend on the compatibility of the physical and omnipresent 
computing. The demand for supporting creative design thinking and multi-
disciplinary design with digital tools is influenced by how design tools are 
developed (propose) and the assessment (how the tools respond to designer’s 
needs). Software openness explored the potential of CAD systems in design 
but there is a trend to think outside the digital screen that is changing the inter-
faces of design tools. Any attempt to produce digital tools aimed at supporting 
ideation raises the question of the kind of information to be taken into account 
and what is appropriate to the needs and expectations of designers. In order 
to find how digital tools can support better ideation, it will be necessary to go 
beyond improvements or changes of existing design tools and develop differ-
ent assessment instruments.

3. Conceptual design and digital tools

During conceptual design, concepts supporting the designer’s cognitive 
process are ambiguous, imprecise and abstract (Bilda, 2003). Naturally design 
tools have to match this process, preserving these characteristics of conceptual 
design. Representations such as sketches are abstract and open for interpreta-
tion. Designers can generate ideas in different ways such as verbal or visual 
(Oxman, 2002). It is the designers’ speech and gestures that give meaning 
to their representations thus moving forward the design. In order to bring in 
digital tools during the conceptual design process, they need to support not 
only freehand sketching as a data input but also all the elements involved 
in conceptual design (gestures, annotations, verbalization). As Hernandez 
(2006) has pointed out even parametric design, once considered highly spe-
cialized, is today usual in the traditional CAD systems. This incorporation 
of parametric models responds to designer’s demands for more freedom of 
manipulation and transformations of 3D models during the design explo-
ration process. However, parametric variations multiply when parametric 
design becomes increasingly complex in the chaining of changes resulting 
in an inflexible model (Blurry and Blurry, 2008). Oxman and Sass (2006) 
presented the Digital Design Fabrication (DDF) method as another option to 
produce concepts in the early stages of design modeling combining generative 
computing and rapid prototyping. However digital tools typically channel all 
input through the mouse, therefore all these software tools feel the same to 
the designer’s hand (Djajadiningrat et al, 2004). Designers still explore their 
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concepts using physical modelling as well as a way to communicate complex 
design ideas in architecture (Cuff, 1992). Several research approaches have 
emerged with the promise of developing computerized tools for conceptual 
design such as the Envisionment and Discovery Collaboratory (EDC) (Arias et 
al, 2002). This system attempts to maximize the richness of face-to-face com-
munication between different actors involved in the design process mediated 
by both physical and computational objects. The Share Design Space (Haller 
et al, 2006) is another system that allows collaboration in a face-to-face setting 
with sketches using an AR-based tabletop environment. All of these systems 
support different modes of design drawing. They were developed to replace 
the keyboard and mouse and allow designers to use the computer like a pencil 
on paper. This approach seems to be logical, given that sketches are the best 
way to support conceptual design.

4. New assessment method 

The assessment method proposed in this study is based in the principle to 
examine all that should be considered when conceiving interfaces for digital 
conceptual design tools. First we borrow from Schön’s the notion of ‘Reflec-
tive conversation’, based on his observations of professionals’ behavior and 
performance. Secondly, the concept of ‘Flow’ defined by Csikszentmihalyi, 
which is based on a state of concentration when there is no consciousness of 
effort. We triangulate this information with ‘cognitive ergonomics’; in par-
ticular through cognitive aspects, (mental representation, memory), percep-
tual aspects (attention, recognition, perception) and psychological aspects of 
the human task. The combination of flow and reflective conversation tell us 
to what extend the designer perceives his performance to have increased or 
decreased. The relationship of cognitive ergonomics to reflective conversation 
address the ‘cognitive load’ involved in the ideation activity. Pairing cogni-
tive ergonomics with flow allows the observation of the ‘interaction’ between 
designers and design tools. In a previous study we used the concept of flow 
to develop what we call Design Flow (Dorta et al, 2008). The Design Flow 
allowed us to observe the engagement of the designer as it unfolds during 
ideation. Furthermore, we measured the workload of the task as part of the 
Design Flow. The actions during the activity (ideation) depend on the goals 
and the context in which is realized. The video analysis considers three cat-
egories based on the activity theory that examines the relation between the 
subject and object in which the tool is the mediator. The following section 
summarizes the mains aspects of each category:

•	 Operation level support addresses the basic actions of the activity. Eye 
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and hand coordination: when the participant was able to sketch looking at the 
representation; manipulation of the interface: clicking on the menu options; 
outcome: agreeing on one idea; pointing with laser pointer and talking: explain-
ing or share an idea; pointing with laser pointer:  moving the laser pointer like 
sketching.

•	 Action level support allows the observation of the designer’s actions to 
accomplish the activity. Sketching and talking: thinking aloud or sharing an 
idea while sketching; sketching looking at the representation: sketching while 
focusing the attention on the representation; sketching looking at the screen: 
sketching while focusing the attention on the screen; involved with the repre-
sentation: sharing or explain an idea with the help of the representation; sketch 
verification: looking at sketch and reflect on it; sketching and looking at the 
screen of the iPod; looking at the screen: when the participant’s attention is 
draw to the screen (this apply only to the participant that is not sketching.

•	 Activity level support focuses on the main goal, which is the ideation. Idea-
tion /Co-design: when the participants work and use the interface at the same 
time; cooperation: when the participants divide the task even if they use the 
interface at the same time. 

There is another section for technical problems, preparing the settings, train-
ing and interface issues. The last one addresses the moments when the par-
ticipants were not able to find a command or when the information in the 
interface was not clear.

5. Setting of the experiment 

The protocols were done in a system that combines immersive sketches 
with and physical models: the HIS (Dorta, 2007). One particular aspect of 
this system is the immersive environment where designers sketch and make 
models all around them in real-time and life-size scale using a digital tablet 
(sketches) and image capture (physical models). The system allows effortless 
design conversations between virtual and physical models, which are impor-
tant in architecture. It has also been used for interior and industrial design. 
Teams of two industrial design students (second year) worked in the HIS 
during the conceptual phase of a design project. The ideation process inside the 
HIS was examined through video analysis as well as questionnaires. A selec-
tion of videos from each year was analyzed, particularly the first 10 minutes. 
The first moments of interaction with the interface are very important since 
this is when the participants get used to it. From 2007 to 2009 work sessions 
of 35 teams per year were recorded. The time for each session was 20 minutes 
per team. From 2007 and 2008 the HIS had a digital tablet (Cintiq® 21”) as 
an input device. The participants were sketching with the help of a spherical 
template, but this required an adaptation from them since the template caused 
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a deformation on the sketches. One participant was sketching while the other 
was using the hands to point at the representation. In order to give them more 
freedom they had a laser pointer. In 2007 three teams used only the Cintiq® 
then the Cintiq® and the laser pointer. Three more teams used the Cintiq® 
and laser pointer in 2008. In 2009 the spherical template was changed for a 
corrected drawing area where the participants sketch without deformation. 
In addition, another input device was tested: the pen tablet (Wacom™). This 
time, five teams used both input devices and the laser pointer. Also in 2009 
four teams tested different interfaces of the HIS: PC tablet (Modbook® 13”), 
Wacom™, iPod and two laser pointers. The drawing area was improved in 
the Modbook® following automatically the orientation of the user’s sight by 
using a rotating device. In all the protocols the participants used the HIS for 
developing the concept of a car as an ad-hoc project. Figure 1 summarizes the 
different settings for each year.

Figure 1. The settings of the experiments from 2007 to 2009.  

6. Results

Figure 2 shows the results of the participants using the different combinations 
of input devices from 2007 to 2009. In 2007 (1) the participants spend between 
4 and 6 minutes sketching and looking at the s Cintiq’s screen. Sketching on 
the spherical template required the students’ attention on the screen as well 
as some time for adaptation. However, the students that didn’t have the laser 
pointer were more involved with the representation (1). With the incorpora-
tion of the laser pointer the students improved their design conversation by 
pointing and talking about their sketches (2). In 2008 (3) the participants were 
still sketching and looking at the Cintiq’s screen (5 min). Nevertheless they 
were more involved with the representation and the use of the laser pointer 
increased significantly (4 min). The participants spend more time sharing con-
cepts and agreeing on their ideas (co-design). By 2009 (4 and 5) the drawing 
area was implemented in order to avoid the deformation. Even with the use of 
the drawing area the time for sketching and looking at the Cintiq’s screen was 
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6 minutes (5). This is almost the same time as with the spherical template in 
2007. The participant’s attention was focused on the Cintiq® due to size of the 
screen. The Wacom™ doesn’t have any screen and the students needed to look 
at the representation all the time (4). Because of this they were more aware 
of the immersive environment as well as their partner’s actions. However the 
students spend more time trying to draw straight lines and less time defining 
their concepts. In all cases the students were able to develop a concept as well 
as maintain a design conversation.  

Figure 2. Video analysis of different input devices in the HIS (2007 to 2009).  

6.1. four interfaces 

The data from the previous protocols showed that the interface could have 
an impact in the way the participants work. In order to improve the ideation 
process four different interfaces were tested in 2009 (Figure 3). The Cintiq® 
was replaced for a PC tablet (Modbook®) keeping a smaller screen as a direct 
feedback of where to sketch. This time the participants were able to sketch 
with the laser pointer. Sketching directly on the representation with two lasers 
pointers allowed the participants to moved freely and sketch at the same time 
on different parts of the representation. But they only shared their ideas after 
their sketches were finish working in cooperation (4). The hand eye coordi-
nation was not a problem but moving the whole arm for sketching was not 
natural for them (Figure 3). The combination of the Wacom™ and the laser 
pointer (only for pointing) (3) allowed the students to sketch looking at the 
representation as much as with the two lasers (4 minutes). However they spent 
more time trying to sketch what they wanted and less time discussing their 
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ideas. With the Modbook® and iPod (2) the participants sketched simultane-
ously and each student started to sketch on their own just like with the two 
laser pointers.

Figure 3. Video analysis of four interfaces in the HIS (2009).  

The students worked in cooperation for 2 minutes (2). The participants with 
the iPod were looking almost all the time at the iPod’s screen (4 minutes). The 
student with the Modbook® was able to sketch looking at the representation 
(3minutes). The combination of the Modbook® and laser pointer (only for 
pointing) (1) was the most efficient. The students spent the same amount of 
time (3 minutes) sketching and looking at the representation as well as using 
the laser pointer and talking. They discussed more their ideas and agree on 
them (co-design, 2 minutes).

The flow and workload questionnaires (Figure 4) were applied only to the 
Modbook® and laser pointer and Modbook® and iPod. The reason for this 
is because the laser pointer as an input device was still in a prototype phase 
and the Wacom™ was tested before. With the results from the video analysis, 
flow questionnaire and workload is possible to see their relationship in order 
to do a general assessment of the ideation. The interface that obtained the 
best results was the Modbook® and laser pointer because the students were 
more involved, focused and willing to redo the experience, thus performing 
better (Figure 4, flow Q). The results from the workload confirm this with 
lower effort, frustration and higher performance (Figure 4). The video analy-
sis showed that the students expressed, shared and reflected more on their 
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ideas. They were engaged in design conversations that required higher mental 
demand (Figure 4, workload). But, their performance was also higher and 
required less effort showing that they worked better with the interface. The 
interaction with the Modbook® was always intuitive for the participants since 
they were sketching in a manner similar to paper and pencil. 

Figure 4. Flow questionnaire and workload (2009).  

7. Conclusions 

The video analysis confirmed some of our observations in previous studies 
and provided new guidelines for what could be the next interface in the HIS. 
Having a smaller screen in the rotating device encouraged the participants to 
take advantage of the representation while they sketch. But with two sketch-
ing devices the participants tend to work in cooperation. The concepts dis-
cussed here (reflective conversation, flow, cognitive ergonomics and activ-
ity theory) provide a framework for understanding ideation and for fostering 
design tools. The presented assessment method do not necessary convey the 
completed evaluation of  the ideation process. However, by combining all four 
concepts, it is possible to expand the field of study and link results (crossover) 
to produce an approach that will build a unified body of knowledge. In order to 
provide a convenient new assessment method, further testing will be needed. 
At this stage the overall goal of the assessment is to verify if this framework 
still reflects the experience adequately and if the knowledge extracted can 
inform the next design iteration for the conceptual tool.

Acknowledgements  
We thank the Université de Montréal, the House of Technology for Training and Learning 
(MATI Montréal), the Hybridlab and specially Annemarie Lesage and Ignacio Calvo for their 
support on this research. 



438 E. PÉREZ, T. DORTA

References 
Arias, E. G., Eden, H., Fischer, G., Gorman, A., and Scharff, E.: 2000, Transcending the Indi-

vidual Human Mind—Creating Shared Understanding through Collaborative Design. 
Transactions on Computer Human-Interaction 7, 84-113.

Bilda, Z and Demirkan, H.: 2003, An insight on designers’ sketching activities in traditional 
versus digital media, Design Studies 24 (1), 27- 49.

Burry, J. and Burry, M.: 2008, The Bonds of Spatial Freedom: Proceedings of the 26th eCAADe 
Conference Architecture in Computro, Antwerpen, Belgium, 301–308.

Cuff, D.: 1992, Architecture: the story of practice, MIT Press, Cambridge
Csikszentmihalyi, M.: 1990, Flow: The Psychology of Optimal Experience. Harper and Row, 

New York.
Dorta, T.: 2007, Implementing and Assessing the Hybrid Ideation Space: a Cognitive Artefact 

for Conceptual Design, International Journal of Design Sciences and Technology, 
14(2), 119–133. 

Dorta, T., Pérez, E. and Lesage, A.: 2008, The Ideation Gap: Hybrid tools. Design flow and 
Practice, Design Studies 29 (2), 121-141.

Djajadiningrat, T., Wensveen, S., Frens, J. and Overbeeke, K.: 2004, Tangible products: redress-
ing the balance between appearance and action, Personal and Ubiquitous Computing 8, 
294-309.

Gross, M. D. and Do, E. Y.-L.: 1996, Ambiguous Intentions: A Paper-like Interface for Creative 
Design, in Proceedings of ACM Symposium on User Interface Software and Technology, 
ACM Press, 183-192.

Haller, M., Leithinger, D., Leitner, J., Seifried, T., Brandl, P., Zauner, J., and Billinghurst, M.: 
2006, The Shared Design Space, in Proceedings of SIGGRAPH Emerging Technologies, 
Boston MA, 1-12.

Hernandez, B. R.: 2006, Thinking parametric design: introducing parametric Gaudi Article, 
Design Studies 27 (3), 309-324.

Hutchins, E.: 1995, Cognition in the wild, Cambridge, MA: MIT Press.
Kuutti, K.: 1996, Activity Theory as a potential framework for human-computer interaction 

research, in B. Nardi, (ed.), Context and Consciousness: Activity Theory and Human-Com-
puter Interaction, Cambridge, MA: MIT Press, 17-14.

Oxman, R.: 2002, The thinking eye: visual re-cognition in design emergence. Design Studies 
23 (2), 135-164.

Oxman, R. and Sass, L.: 2006, Materializing design: the implications of rapid prototyping in 
digital design, Design Studies 27 (3), 325-355

Salim, F. D. and Burry, J.: 2010, Software openness: evaluating parameters of parametric mod-
elling tools to support creativity and multidisciplinary design integration, in D. Tania, E. 
Pardede, O. Gervasi, B. Murgante (eds.), the International Conference on Computational 
Science and Its Applications (ICCSA’2010), Lecture Notes in Computer Science, Volume 
6018/2010, Springer Berlin / Heidelberg, Germany, 483-497.

Sener, B.: 2007, Rethinking digital industrial design: a mandate for virtual workshops and intel-
ligent environments. Digital Creativity 18 (4), 193-206.

Schön, D. A.: 1983, The reflective practitioner: How professionals think in action, Basic Books, 
New York.

Sheppard, S.: 2009, “A Wii Bit of Fun. In: Autodesk Labs: It’s Alive in the Lab”. Available 
from: <http://labs.blogs.com/its_alive_in_the_lab/2007/12/a-wii-bit-of-fu.html> (accessed 
4 February 2011).

Stappers, P. J. and Hennessey J. M.: 1999, Computer-supported tools for the conceptualisation 
phase, in G. Goldschmidt and W. Porter (eds.), Proceedings of the 4th International Design 
Thinking Research Symposium on Design Representation, 177-187.


