














 

3. Results 

3.1. Results of co-creation session performance metrics 
Table 3 presents the results of the application of the co-creative performance metrics (Dekoninck et al., 
2018) to the six co-creative sessions completed. The best score (or joint best score) from the three 
conditions is highlighted in bold for both the Stimulo and Artefice sessions. 

Table 3. Results of the co-creative performance metrics application  

 Stimulo Artefice 

Metric title SAR AR Conventio
nal 

SAR AR Conventio
nal 

Quantity of ideas 8 8 6 11 4 5 

Variety 
of ideas 

Original 5 1 4 2 4 5 

New 1 1 1 0 0 1 

Quality of ideas =8 – 4 
rejected = 4 

= 8 - 3 
rejected = 5 

= 6 – 5 
rejected = 1 

= 11 – 7 
rejected = 3 

= 4 – 3 
rejected = 1 

= 5 – 3 
rejected = 2 

Novelty of ideas = 44 ÷ 8 = 
5.5 

 = 51 ÷ 8 = 
6.4 

= 23 ÷ 6 = 
3.83 

= 7 ÷ 3 = 
2.3 

= 9 ÷ 4 = 
2.3 

= 19 ÷ 5 = 
3.8 

Task progress 1xHigh 
Total = 3 

2xHigh 
1xMed 

Total = 8 

1xMed 
Total = 2 

2xHigh 
Total = 6 

1xHigh 
Total = 3 

1xHigh 
1xMed 
1xLow 

Total = 6 

Filtering 
Effectiveness 

= 4/(8-1) = 
0.57 

= 3/(8-5) =
1

= 5/(6-1) =
1

= 8/(11-1) =
0.8

= 3/(4-2) = 
1.5 

= 3/(5-3) =
1.5

 
For the Stimulo sessions, the SAR and AR condition performed best or joint best against the idea 
generation metrics (quantity, variety, quality, and novelty of ideas), task progress and filtering 
effectiveness metrics, with the AR condition generally offering the best performance. The novelty and 
quality of ideas stand out as the particular successes for the SAR and AR conditions over the conventional 
condition at Stimulo. For the Artefice sessions, the conventional condition performed best or joint best in 
terms of the variety, novelty, task progress and filtering effectiveness metrics, but was not so good on the 
quantity and quality metrics. Overall, the results of the metrics application present a mixed picture, with 
none of the conditions consistently outperforming the others across all metrics and both companies. 

3.2. Results of Creativity Support Index assessment 
Table 4 presents the results of the CSI assessment. The average score is presented by condition and with 
the breakdown by factor. The maximum score for each cell is 10. The overall CSI score is provided in the 
final row and is the average from across the Stimulo and Artefice designers that participated in the same 
condition. The maximum overall CSI score is 100 and scores above 90 indicate that the tool offers 
excellent support and scores below 50 indicate poor support (Cherry and Latulipe, 2014). On this basis, 
both the SAR and AR performed reasonably well, whereas the conventional condition was considered poor. 
The 'average count' column is an indicator of the relative importance of each of the factors. The 
maximum score is five. The 'collaboration' aspect had the highest average count (4.1), followed by 
'exploration' (3.7) and 'immersion' (3.0). The AR condition performs consistently well against these 
three most important aspects. The SAR condition scored well on the collaboration and exploration 
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aspects but very poorly on the immersion aspect – probably caused by some technical difficulties 
experienced during those sessions.  

Table 4. Results of the Creativity Support Index assessment 
 

Average Score Average count 
(all conditions) Aspect SAR AR Conventional 

Collaboration 7.5 8.3 5.8 4.1 

Exploration 7.0 7.3 4.0 3.7 

Immersion 2.8 7.5 4.3 3.0 

Expressiveness 4.5 5.0 4.5 2.0 

Results worth the effort 7.8 6.3 5.3 1.3 

Enjoyment 9.0 7.5 5.0 0.9 

Overall CSI score 67.2 74.7 49.0 

3.3. Results of follow-up survey 
Table 5 provides a summary of the key points from the designer follow-up survey. The points were 
summarised by the researcher from the original responses provided by the designers.  

Table 5. Summary of designer feedback from follow-up survey 

 Condition
Question SAR AR Conventional 
What went 
well? 

Artefice: Helps with detailed 
refinements. Helps to quickly rule 
out poor suggestions from end 
users. 
Stimulo: Freedom to try many 
different ideas. 

Artefice: Improved 
interaction with end users. 
Stimulo: Good interaction/ 
communication with end 
users. 

Artefice: Good empathy with the 
end users, who were willing and 
able to provide good input. 
Stimulo: End users were positive 
and focused. 

How did tool 
contribute to 
positive 
aspects? 

Artefice: Quick, real-time 
modification of a tangible 
prototype facilitates co-creation. 
Stimulo: Able to generate and test 
some new ideas for colours and 
logo position. 
 

Artefice: Real-time 
modification improved 
interaction with the end 
users. 
Stimulo: Intuitive sharing 
of ideas between end users 
and designer allowed quick 
iteration of concept. 

Artefice: Intuitive interaction 
method that enabled the end 
users to participate in an 
uninhibited manner. 
Stimulo: It was a basic way to 
support the engagement between 
the end users and the designer. 

What was 
challenging? 

Artefice: Some end users 
frustrated by perceived limitations 
of the system. 
Stimulo: Technical problems had 
an impact. Limited interaction 
with the prototype. Major 
differences between the designer's 
view (tablet) and end users' view 
(SAR). 

Artefice: Various technical 
limitations and failures 
hindered and disrupted the 
session. 
Stimulo: More chaotic, less 
focused session with more 
random/trial and error - 
requires more pro-active 
facilitation.

Artefice: Limited range of 
elements and hand drawn 
elements limits the 
quality/realism/ fidelity of the 
final outcome. 
Stimulo: LED position options 
difficult to represent. 

How did tool 
contribute to 
challenging 
aspects? 

Artefice: Inability to add new 
assets during the session or 
modify standard elements limited 
the freedom of the session. 
SAR model lacks realism. 
Stimulo: 3D effect and on-the-fly 
changes within SAR is useful but 
need more user interaction 
features. 

Artefice: Technical 
problems caused 
disruption. 
Limitations of the system 
discouraged the end users. 
Stimulo: Tablet create a 
barrier to direct interaction 
with the real prototype. 

Artefice: Limited range of pre-
prepared elements meant that the 
final outcome did not entirely 
represent what was 
desired/discussed. 
Stimulo: Designer had to build a 
fourth concept (mixing elements 
of the three pre-prepared 
concepts). 
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4. Discussion 
The first research question asked: "Do co-creative sessions involving AR/SAR-based design 
representations result in more effective sessions in terms of idea generation, progress on design tasks, 
and filtering of ideas than those conducted with conventional design representations?" The results of 
the co-creative performance metrics have highlighted certain aspects, such as the quality and novelty 
of ideas within the Stimulo sessions, where the AR/SAR conditions significantly outperformed the 
conventional design representations condition. Technical faults during the SAR session with Stimulo 
and during the AR session with Artefice appear to have affected the performance of these sessions, 
as confirmed by the designers who explicitly mentioned these technical faults in the follow-up survey. 
Given the impact of these technical faults, further experimental sessions are required in order to be 
able to provide a definitive response to this research question. Furthermore, it might not be possible 
to provide a single response to this question, as the effectiveness of AR/SAR-based design 
representations is likely to vary significantly depending on the nature of the design task to be 
completed and the type of participants. This will be an important consideration for future experiments. 
The second research question asked: "Do designers perceive AR/SAR-based design representations 
to be more effective for co-creative design sessions than conventional design representations?" The 
results of the CSI assessment suggest that designers do indeed perceive AR/SAR-based design 
representations to be more effective for co-creative design sessions than conventional design 
representations. However, there are clearly areas for improvement, such as the sense of immersion in 
the tool when using the SAR technology. Hence the tentative conclusion is that designers do indeed 
perceive AR-SAR-based design representations to be more effective, but this will need further 
experimental sessions to be confirmed. 
The third research question asked: "What are the specific strengths and weaknesses of AR/SAR-based 
design representations in comparison with conventional design representations?" The main perceived 
strengths of both the AR and SAR conditions was the enhanced collaboration with the end users and 
the ability to make quick, real-time modifications to the prototype to try out new ideas. A notable 
example of this came in the SAR condition session with Artefice, in which the end user made a 
proposal concerning the position of a logo. The designer was confident that this proposal would not 
enhance the design. In the follow-up survey she noted that with the SAR technology it was quick and 
simple to modify the prototype according to the proposal, show it to the end user and get them to 
agree that it was not a good proposal before reverting to the original logo position. This type of idea 
elimination activity can be particularly helpful in co-creative design sessions in which clients are the 
collaborator. 
It terms of weaknesses, the reliability/robustness of the AR and SAR systems was a problem for both 
companies, with designers commenting that the technical faults that occurred during the sessions 
resulted in awkward pauses that disrupted the natural flow of the session and caused frustration for 
all participants. Some specific technical limitations were also identified. From Artefice's perspective, 
the SAR prototype lacked realism because it was too bright/reflective. For them, the AR condition 
was preferred as the quality and fidelity of the visualisation was considered to be better. They also 
noted that the inability to add new graphic elements from external sources during the session - a 
limitation of the current SPARK Platform - caused frustration as it meant that they were not able to 
respond to some suggestions by the end users. From Stimulo's perspective, a key limitation was the 
significant differences in colour hue and shade that were noted when viewing the design 
representation on the designer's user interface compared to the view seen by the other participants 
when looking either at the SAR prototype or the AR prototype through the tablet. Given that selecting 
colours, materials and finishes was a key objective of the Stimulo sessions, this was a major problem. 
Another challenge identified by Stimulo was that the flexibility of the AR and SAR systems reduced 
the control that they had in managing the session, as there were "…no boundaries for the end users to 
participate and share ideas." Whilst this may be seen as a positive aspect in terms of end user 
involvement and engagement, Stimulo felt that this enthusiasm from the end users to contribute their 
ideas needed more focus to be productive. Their reflection was that, in future sessions using AR/SAR-
based design representations, the designers would need to be more pro-active in their facilitation of 
the session to keep it on track and avoid too much unproductive trial-and-error experimentation. 
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5. Conclusions 
The objectives of this study were: to begin gathering data comparing the effectiveness of co-creative 
design sessions conducted with AR/SAR-based design representations versus conventional design 
representations; and to identify specific strengths and weaknesses of AR/SAR-based design 
representations in comparison with conventional design representations. These objectives led to the 
formulation of three research questions, which were addressed through controlled experiments with 
professional designers working on real projects with end users. 
It was not possible from this small-scale study to provide a definite response to the first research question 
concerning the effectiveness of using AR/SAR-based design representations within co-creative design 
sessions. Nonetheless, some aspects, such as the quality and novelty of ideas within the Stimulo sessions, 
were found to be significantly better using the AR/SAR-based design representations compared to the 
conventional design representations condition. Of course, care must be taken to avoid bias in the 
interpretation of the results, as both the researchers and the designers from the industry partners have 
invested significant time and effort in the project based on the assumption that AR/SAR-based design 
representations will result in more effective co-creative design sessions. To mitigate this risk of bias, we 
do not propose a firm conclusion on this question until later in the project, when we will have a larger 
data set completed, including sessions completed with designers from outside of the SPARK 
consortium.  
The second research question focused on the designers' perception of the effectiveness of AR/SAR-
based design representations for co-creative design sessions. The evidence from the CSI assessment 
suggested that designers do perceive AR/SAR-based design representations to be more effective, but 
this will need further experimental sessions to be confirmed. 
The third research question was intended to help understand the relative strengths and weaknesses of 
AR and SAR-based design representations in comparison to conventional design representations. The 
main perceived strengths of both the AR and SAR conditions was the enhanced collaboration with the 
end users and the ability to make quick, real-time modifications to the prototype to try out new ideas. 
Weaknesses identified included reliability issues, the overall insufficient quality of the SAR 
visualisation, and problems in both the AR and SAR conditions with differences in colour rendering.  
Within the SPARK project, the next steps will be to address the limitations listed above before 
conducting further trials with designers and student groups. In addition, a specific request from several 
designers was to enhance the system to better support user interaction design. For example, the ability 
to represent how lights on the product will flash or pulse on and off in response to user actions. Similarly, 
with sound, designers would like the ability to test different types of notification or warning sounds with 
end users during the session. From these suggestions, we can conclude that the full potential of SAR/AR-
based design representations has not yet been exploited, particularly in terms of interaction design. 
Nonetheless, these experiments have provided quantitative and qualitative evidence to suggest that 
AR/SAR-based design representations can help to improve certain aspects of co-creative design sessions 
and have helped us to identify some of the relative strengths and weaknesses of the technology within 
this application. These insights will be of interest to AR/SAR technology developers as well as to 
researchers investigating co-creative design activities. 
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