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2. Co-evolution of design strategy and CSCWD systems 
We refer to co-evolution [Guerra et al. 2012] as the mutual influence throughout their design of the 
CSCWD system (hardware and software) together with the design strategy (differently from the co-
evolution of problem and solution, such as in Maher et al. 1996). In Section 2.1 we defend our vision 
about (preliminary) design, which explains the reasons and the necessity of a co-evolutionary 
approach. In Section 2.2 we introduce our design strategy: the methodological circulation, while in 
Section 2.3 we trace the evolution of the TATIN platform toward its actual configuration. 

2.1 Preliminary Design Process: the enactive approach 
We see design as an iterative, heuristic, and holistic process, which remains in perpetual evolution 
throughout different design stages. It generally starts from a problem (either well or ill-defined), and 
passes through activities of conceptualization, framing, structuration, and planning (Preliminary 
Design). The design process ends upon the detailed study of the architecture and the components 
(Detail Design). While the design process progresses through these stages, designers switch 
alternatively between IW (individual-work) mode and TW (team-work) mode. 
Our attention is focused on co-located collaborative meeting during the Preliminary Design phase. 
According to Shiba [1995], collaborative design promotes a more efficient construction of a shared 
vision, which makes the design team more effective. Usually co-located teamwork meetings involve a 
core-team, formed by 6 to 8 people, which work in apposite rooms. These rooms are equipped with 
tables and whiteboards. A “dictator-guided mutual” collaboration model rules this collaborative work 
([Guerra et al. 2013] following [Maher et al. 1998]). During these co-located teamwork meetings, 
team members create and manipulate intermediary project artefacts from two categories: 

 Intermediary artefacts that represent the project: activities, resources, planning, risks, and costs 
[Shen et al. 2002], [Gidel et al. 2005]. 

 Intermediary artefacts that represent the products: ideas, concepts, functions, drawings, 
sketches, and virtual and physical prototypes [Darses 1997]. 

These conceptual artefacts allow the team to maintain common vision and shared objectives. They 
ease the sharing of information and coordination that is vital to informed decision-making [Rogers et 
al. 2006], [Tory and Staub-French 2008]. The effectiveness of collaborative work therefore depends 
on the ability of participants to agree on a common set of representations to frame problem and 
solutions. 
We share the vision of a co-evolution of problem and solutions along the design process [Maher et al. 
1996]. From the realm of unknown, through a sequence of divergent and convergent cognitive 
activities (creation and focus), problem and solutions co-evolve to reach a level of concreteness at the 
end of process [Dorst et al. 2001]. As designers explore this “problem/solutions” space, their quest is 
to identify satisfactory [Dorst 1996] or adequate [Cross and Clayburn Cross 1995] solutions, according 
to the criteria imposed by the project ecosystem.  
Several design strategies are followed during exploration of the problem/solutions space. A design 
strategy is the cognitive approach, which emerges from the collective intelligence of a design team 
exploring the “problem/solutions” space. This collective intelligence is greater than the simple sum of 
the individuals [Woolley et al. 2010]. A design team behaves as a single cognitive entity (collective 
intelligence), but at the same time, it behaves as a collage of individuals. These individuals are 
cognitively influenced in different ways by the interactions they have with the surrounding ecosystem 
(natural objects, artefacts and other cognitive beings). We identify as Enactive Design this cognitive 
feedback-based exploration of a design team’s collective intelligence, through the perception-action 
interaction with the ecosystem [Lenay and Steiner 2010] of each designer. 
The term strategy is used to underline the effectual aspect of the design process [Sarasvathy 2001]. 
The path to reach a satisfying design solution is not known in advance [Guerra et al. 2013]. Following 
this paradigm, we based our research work on a co-evolutionary approach. While keeping a holistic 
view on all components that compose our design problem (system and design strategy), we engaged in 
an iterative design loop driven by user feedback from numerous evaluations. This co-evolutionary 
approach allowed us to better frame our problem and to focus on the most satisfying solutions 
according to our ecosystem. 
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2.2 A design strategy for CSCWD system: Methodological circulation 
The design strategy emerging from the above-presented design vision is called Methodological 
Circulation (MC). MC is an evolution of Focused Creativity first proposed by Gidel and Romon 
[Gidel and Romon 2009]. Focused Creativity is in turn inspired from the union between Herbert 
Simon and Allen Newell’s problem solving theory [Newell and Simon 1972], design thinking [Brown 
2009], [Plattner et al. 2010], and effectual approaches [Sarasvathy 2001]. This design strategy aims to 
ease, thank to a design toolbox, the cognitive effort needed in the feedback-based exploration of the 
“problem /solutions” space. 
Idyllically the computer supported-tool is a design toolbox that contains all the design methods among 
which design teams are free to circulate. That is to choose the most adequate one (e.g. brainstorming, 
FAST, TRIZ, …) according to the current project goal and situation, which is unpredictable a priori. 
The possibility of an easy shift from one method to another, while allowing the reuse of data produced 
using the previous methods, is a critical success factor for both our hypothesis. 

2.3 Improving preliminary design through the use of Computer Supported Cooperative Work in 
Design platform: TATIN and TATIN-PIC 
The Preliminary Design phase is the most impactful in terms of performance and costs [Paulson 1976]. 
MacLeamy [2004] explains that the optimum project plan calls for high initial efforts in the 
Preliminary Design phase for a more effective, cost-efficient design process. As a consequence, 
Preliminary Design is the phase where improvements have a major flywheel effect on the whole 
design process outcome. 
Preliminary Design activities, such as: 

 framing of the problem (e.g. functional and value engineering analysis), 
 generation and exploration of new concepts (e.g. brainstorming), 
 structuring the project (e.g. PBS, WBS, Gantt and PERT analysis), and 
 identification of possible menaces (e.g. risk evaluation and FMExA), 

just to mention some, are performed in teams, using paper-based supporting tools (paperboards, 
boards, brown paper, post-its, notes, and sketch, to cite some). Wang et al. [2002] defend the interest 
in experiencing a significant paradigm shift. Preliminary design needs to adopt a more pragmatic and 
aggressive approach through collaboration, supported by artificial intelligence, and fuelled by 
information technologies. However, only few research prototypes are available (Wang et al. 2002). 
Wang et al.’s proposals explain the interest for the introduction of computer-supported tool. 
TATIN is the first version of the CSCWD platform research prototype developed at the Université de 
Technologie de Compiègne. TATIN project aims to enhance the Preliminary Design phase (that as 
said above has the major flywheel effect on the whole process), through the introduction of computer-
supported cooperative tools. TATIN-PIC is the evolution of TATIN. 
TATIN platform is composed of a tabletop. TATIN tabletop uses two HD video projectors positioned 
side by side to render the final double full-HD 83-inch image (1920 pixels x 2160 pixels and 1.60 x 
1.40 m). The input device of the TATIN platform is based on the LLP (Laser Light Plane) technology. 
Infrared lasers augmented by linear filters are used to create a laser plane flush with the top surface of 
the table. Users’ fingers, when touching the surface, disrupt the laser plane. Two infrared sensitive 
cameras beneath the table are responsible for tracking the fingers illuminated by lasers. Then, image-
processing algorithms from Community Core Vision (CCV) are applied to the camera images to 
determine the position of different contact points on the surface of the table and transform them into 
software events. The results of our own design observations [Gidel et al. 2011] corroborated the 
previous scientific findings [Rogers and Lindley 2004]. Both studies point out that a vertical surface is 
needed to better support convergent thinking, while creativity is better supported by the horizontal 
tabletop. The lack of a vertical surface was the origin of the TATIN-PIC project (an improved version 
of TATIN), namely the introduction of a vertical board. The TATIN-PIC vertical display has a screen 
size of 2.05m by 1.15m, and the screen resolution is Ultra HD, with 2730 pixels by 1536 pixels. The 
input device technology follows the principle of the plane flush disrupted by the contact of fingers, 
with solely one difference: instead of lasers we used an infrared overlay frame. The TATIN and 
TATIN-PIC platform are shown in Figure 1. 
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(project planning) [Guerra et al. 2013]. These studies highlighted (concerning to our general 
hypotheses): 

 HP1: the agreeableness users perceived while performing preliminary design activities around 
the platform, [Gidel et al. 2011] 

 HP1: some encouraging clues of its efficacy (30% gain of time compared to a pen-and-paper 
counterpart), [Guerra et al. 2013] 

 HP2: positive feedback concerning Methodological Circulation, the proposed design strategy, 
and 

 HP1&2: corroborating evidence that the contributions of the participants in term of speech-
time and gestural behaviours are more balanced if the preliminary design activity is performed 
around TATIN-PIC platform [Gidel et al. 2011]. This is a first step to prove the usefulness of 
the platform and its positive impact on designers’ cognitive abilities: according to Woolley et 
al. [2010], collective intelligence is enhanced by an equitable repartition of the speech-time in 
a group. 

Those design observations, despite being rich in term of results, lacked in duration and diversification 
of the design activities studied. In response to this, we wanted to test different design activities 
performed throughout several sessions of co-located collaborative work. Therefore, we observed 13 
sessions of value engineering activities (Functional Analysis, Technical Systems Functional Analysis, 
Causal Analysis) over a period of 6 month. Table 1 shows a synthesis of those observations. 

Table 1. Summary of the design observation along the TATIN and TATIN-PIC project 
Year 2010 2012 2013 

Platform TATIN TATIN-PIC TATIN-PIC 

Preliminary Design Activity Brainstorming Planning Value Engineering 

Number of sessions observed/ 
 number of pers. per group 1 / 6 2 / 5 13 / 5 

Number of subjects observed/ 
ordinal of the session 48/1st 20/1st, 20/2nd 54/1st, 

20/2nd to 13th 
Reference Gidel et al. 2011 Guerra et al. 2013 Current article 

3.3 Protocol and experimentation 
The protocol was designed to compare the results of value engineering sessions conducted in the 
control condition (CONTROL condition) on conventional tables supported by single-users PCs and 
paperboards, to value engineering sessions on the TATIN-PIC platform (TATIN-PIC condition.) 
The observations began with a total of 54 testers for the first session. For the remaining session, we 
allowed teams to decide to continue the longitudinal study on their volition. This meant that sessions 2 
through 13 were conducted with only 20 subjects. Each session was composed of two time-slots of 2 
hours each. In each time slot, one group of 5 people worked on TATIN-PIC condition and one group 
of 5 people worked on CONTROL condition. All the subjects were young engineering practitioners 
aged from 22 to 29, almost equally distributed between females and males. Two senior experts (more 
than 15 years of experience in the domain) evaluated the results of the different groups. Full-HD video 
cameras (4 for TATIN-PIC condition and 3 for the CONTROL condition) were positioned to cover the 
workspace. Their position was also chose to minimize their visibility for the users, to avoid bias 
produced by the Hawthorne effect [Mayo 1945]. High quality audio was captured through directional 
microphones. 
A questionnaire for the subjective assessment of the user experience was given to each participant at 
the end of the first three sessions. The questionnaires were different according to the conditions but 
addressed the same criteria. In each of the questionnaires, participants were asked to evaluate criteria 
on a Likert scale of 7 points. We are aware of the criticisms in favour of a 10-point scale [Cummins 
and Gullone 2000], [Dawes 2008]. The main reason for our choice is that the works we want to 
compare our results with, for instance, Buisine et al. [2012] use a 7-scale point. Adding written 
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comments on each criteria evaluated was also possible. All the experiments were conducted in French 
and therefore results have been translated in English by the authors. At the end of the 13 sessions, 
design teams on both conditions, were interviewed during a 30-minute semi structured focus group. 

4. Results 
Inferential analyses were performed by the means of ANOVA. The option of considering Likert’s 
scale as an interval scale, instead of an ordinal one, is still controversial [Jamieson 2004]. According 
to Kuzon Jr. et al. [1996] via Jamieson [2004]: ”the average of fair and good is not fair-and-a-half; 
even when one assigns integers to represent ‘fair’ and ‘good’.” However, we believe that in a 
descriptive qualitative study, if a value between ‘fair’ and ‘good’ is found, it is possible to explain the 
feeling this value symbolises (i.e. something greater than ‘fair’ and lower than ‘good’). To determine 
the exact quantity of ‘fair’ and ‘good’ is out of the scope of this research. 
These data are then critically analysed with our field notes. For each session separately, we present the 
data and the related ANOVA analysis in Section 4.1. Section 4.2 provides the limits of the current 
study. We conclusively provide a general analysis in section 4.3. 

4.1 Subjective analysis of value engineering sessions 
The questionnaires from the first three sessions captured the user’s subjective assessment of value 
engineering activities performed on CONTROL condition and on TATIN-PIC condition. The 
variables measured are among others: effectiveness of the tool, involvement of the subjects, 
agreeableness, confidence in results, etc. Tables 3, 4, and 5, summarize the observed variables values. 
We checked if the distribution was normal by confronting median and mean, and considering an 
absolute asymmetry degree as acceptable if minor than 2. Standard deviation and standard error on the 
mean provided useful information, which are discussed in 4.2. Finally, a T-test is performed to check 
significance through p-value (p<0.05, p<0.01). 

Table 2. Comparison of subjective criteria between the TATIN-PIC condition and the 
CONTROL condition – Session 1 

 CONTROL condition TATIN-PIC condition 
DOF P Test Significance Mean σ se Mean σ se 

Involvement 
in method 5.15 1.31 0.29 5.28 1.38 0.37 1/33 p=0.94 no 

Tool 
Effectiveness 5.04 1.12 0.24 4.92 1.25 0.35 1/32 p=0.56 no 

Group 
productivity 4.8 1.12 0.24 5.78 0.70 0.18 1/33 P<0.01 yes 

Confidence 
in results 5.62 1.07 0.23 6.46 0.66 0.18 1/32 p<0.01 yes 

Report 
generation 4.62 0.91 0.32 3.00 1.15 0.58 1/10 p=0.06 no 

Time 
management 3.42 1.12 0.24 5.07 1.07 0.29 1/33 P<0.01 yes 

Table 3. Comparison of subjective criteria between the TATIN-PIC condition and the 
CONTROL condition – Session 2 

 CONTROL condition TATIN-PIC condition 
DOF P Test Significance Mean σ se Mean σ se 

Involvement 
in method 5.11 1.54 0.51 6.2 1.38 0.37 1/17 p=0.08 no 

Tool 
Effectiveness 4.11 1.8 0.61 5.1 1.25 0.35 1/17 p=0.20 no 

1078 DESIGN SUPPORT TOOLS



 

Group 
productivity 5.7 1.6 0.53 4.8 0.70 0.18 1/17 p=0.19 no 

Confidence 
in results 5.67 1.73 0.58 5.7 0.66 0.18 1/17 p=0.96 no 

Report 
generation 2.5 0.71 0.32 1.67 1.15 0.58 1/6 p=0.30 no 

Surface 
Circulation 

efficacy 
4.56 1.51 0.50 5.5 0.98 0.30 1/17 p=0.13 no 

Time 
management n.a. n.a. n.a. 4.4 1.50 0.48 1/9 n.a. no 

Table 4. Comparison of subjective criteria between the TATIN-PIC condition and the 
CONTROL condition – Session 3 

 CONTROL condition TATIN-PIC condition 
DOF P Test Significance Mean σ se Mean σ se 

Involvement 
in method 3.78 0.97 0.32 5.50 1.8 0.37 1/17 p<0.01 yes 

Tool 
Effectiveness 5 0.50 0.17 3.60 2.45 0.78 1/17 p=0.11 no 

Group 
productivity 3.9 1.53 0.51 5.40 1.07 0.34 1/17 p=0.03 no 

Confidence in 
results 3.56 1.51 0.50 4.40 1.71 0.54 1/17 p=0.27 no 

Report 
generation 4.71 0.76 0.25 3.20 2.28 0.72 1/12 p=0.22 no 

Surface 
Circulation 

agreeableness 
4.00 0.81 0.41 4.90 1.52 0.48 1/12 p=0.18 no 

Time 
management 4.11 1.70 0.56 4.60 1.07 0.34 1/9 p=0.47 no 

4.2 Limits 
We would like to critically highlight the limits of this study to provide a correct value to our findings,.  
Almost no results have a statistical significance according to T-Test,. This is due to the small size of 
the participants, worsened by a poor answer-rate to some questions. Moreover, software bugs biased 
the final results. When the system worked properly, scores were extremely positive, on the other hand, 
they turned extremely negative in case of bugs. Rather than choosing to dismiss the entirety of these 
subjective results, we chose to carefully complement them with our field notes and videos, which 
helped us understand the context of the results. Though questionnaires are a fast and useful means of 
analysis, they are not able to have the same descriptive power of a video recording or of an interview.  
Due to time constraints, all the data, particularly the videos, have yet to be fully analysed. We are 
currently in the process of coding the videos to measure the speech patterns of teams using TATIN-
PIC platform. This will allow us to measure the equity of speech time among participants, and is one 
of the ultimate goals of our TATIN-PIC platform. 

4.3 General results analysis 
With acknowledgement to the previously exposed limits, we present the trends that emerged from 
questionnaires (user’s interpretation), the field-notes and the videos (our interpretation). Users 
perceive activities performed around the TATIN-PIC platform as more time-efficient throughout the 
different sessions (though in session 2 none of the subjects in the CONTROL condition answered the 
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question). Because the results from session 1 are significant (p<0.01), this suggests that the digital 
platform is more efficient, according to HP1. 
Users are more involved in the activity when using TATIN-PIC platform, as shown by Table 3,. 
Because subjects are more involved we determine that the system is useful and agreeable, as related to 
HP1. We suppose that this is due to the playfulness of the interaction (attested in [Gidel et al. 2011]). 
When users had to shift between different surfaces (vertical paperboard and horizontal table for 
CONTROL, and interactive tabletop and vertical interactive board for TATIN-PIC), they found this 
action easier, more agreeable, and more efficient on the TATIN-PIC platform. “We don’t have to re-
copy everything and we can move the post-its with a single gesture”, said subject A3 during session 2. 
“Fast transfer helps not to lose focus on the activity”, said subject A8 during session 2.  
On the other hand, the perceived effectiveness of the TATIN-PIC platform does not differ compared to 
CONTROL condition. We explain this by the frequent software bugs (see 4.2) we had in some 
sessions. User experience is greatly affected by this kind of event. “We had to restart 5 or 6 times the 
activity due to system failures. What a nightmare!”, said subject A6 in session 3. This lowers the 
efficacy of the system, in contrast with HP1. 
These software problems affected the platform’s ability to create automatically minutes meeting that 
could be re-used in the following sessions. This feature hardly worked properly along the whole 
design observation. This explains the worst score (of the entire observation) of the TATIN-PIC 
platform compared to CONTROL condition. “We were not able to save and export the work of this 
session due to a bug!”, said subject A3 in session 3. This too, lowers the efficacy of the system, in 
contrast with HP1. 
A greater personal involvement, together with a better confidence in the results in the TATIN-PIC 
condition, is interpretable as a sign of a better collaboration pattern. This has to be considered as an 
improvement of the cognitive abilities of the designers, in term of collective intelligence, according to 
HP2. We hypothesize that this behaviour is promoted by two supposed “properties” of the TATIN-PIC 
platform: the more equitable repartition of time speech (which is not yet proven for this observation as 
stated in 4.2) and the manipulation of open intermediary objects [Guerra et al. 2013]. Moreover, the 
two experts evaluated more favourably the results produced on the TATIN-PIC platform. On a scale to 
0 to 20, the average judgement was of 19 (groupT1(18), groupT2(20)) for the TATIN-PIC condition 
and 14 for the CONTROL condition (groupC1(12,5), groupC2(15)). 

5. Conclusions and future work 
The TATIN and the TATIN-PIC project were launched with the goal of improving the Preliminary 
Design process. A platform consisting of an interactive tabletop (TATIN) was integrated with an 
interactive vertical board (TATIN-PIC), enabling us to conduct a series of design observation. We 
compared co-located collaborative Preliminary Design activities performed on pen-and-paper based 
traditional settings and on TATIN-PIC condition. Our previous analyses showed a positive impact on 
the motivation and the satisfaction of the users. Users expressed their appreciation for the 
agreeableness of the platform. Collaboration was improved thanks to a more equal time speech 
distribution among participants, obtaining better results at the end of the work session [Gidel et al. 
2011].  
We extended the temporal window of our design observation by following 13 sessions of value 
engineering analysis. We proved that it is possible to conduct a preliminary design process in its 
entirety on a CSCWD platform. Even with all the limits listed in 4.2, this is the first study with such 
results in our knowledge. 
According to experts, users performed better on TATIN-PIC than CONTROL. This, together with the 
previous results, shows that working on TATIN-PIC is, for sure, not worse than CONTROL condition, 
and eventually (when the number of bugs is limited) even better. TATIN-PIC effectiveness is 
suggested by a greater perceived productivity, time management, and motivation, in line with our 
previous findings [Gidel et al. 2011], [Guerra et al. 2013].  
We plan to exploit all the videos to verify if the TATIN-PIC platform generates a more equitable 
repartition of speech-time even in value engineering analysis, and if this has a direct link with the 
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collective intelligence of a group as verified by Woolley et al. [2010] on traditional supports. We are 
willing to share our data to collaborate with everyone interested in this research field.  
Since the observation here presented, we improved our platform in terms of hardware and software. 
We are now re-conducting a new round of experimentation designed to overcome the limits we 
highlighted. Our goal is to achieve a sufficient level of reliability to test the CSCWD platform in a real 
industrial setting, in order to able to provide industry-related feedbacks for the community. 
In conclusion, subjects familiar with traditional design tools, then trained to use the CSCWD tools, 
found the latter slightly better than the former, despite software bugs that negatively influenced user’s 
perception. The interest of TATIN-PIC platform is clearly understandable, especially considering a 
wide range of possibilities in the digital realm, e.g. pro-active personal agents to facilitate information 
research and the retrieval, creative and decision-making supporting tools, multimodal interaction and 
so on. The next step will be to evolve toward an industrial prototype, which can be used for real 
industrial observations., 
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