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Abstract. Technological development offers new opportunities that could change
design processes. The present study explores the possibilities of technologies like
virtual reality and 3D scan in the furniture design process. For this purpose, a co-
creation process with help of new technologies was carried out from initial ideation
to 3D modelling. Each tool has been characterized in terms of user experience
measured by questionnaire. This research validates a design process of furniture
based on immersive technology and provide some recommendations for the
implementation and improvement of this process.
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1 INTRODUCTION

In the product design process, the early stages tend to require tools promoting the designers'
creativity, while the later stages aim to model the product more accurately, considering as many
constraints as possible. Digital tools are very common in the latter phases in the form of
Computer-Aided Design (CAD) software, but are much less present in the early stages of projects
where pen, paper and sticky-notes are very adequate to represent ideas [1] because of the central
role of hand movement in facilitating thinking and supporting the emergence of ideas [24].
Technological development offers new opportunities that could change design processes. For
example, [12] presented a digital workflow for orthotic design in which the designer starts by
scanning the relevant part of the patient's body before working on the 3D model and 3D printing
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the part. Virtual Reality (VR) appears to be a category of media that can be successfully inserted
into the early stages of design. Otherwise, [19] has shown that a Cave Automatic Virtual
Environment can immerse a designer in a virtual environment that is conducive to its activity.

With the present study we want to propose an innovative approach to design based on the use
of 3D scanning and virtual reality. We also want to evaluate this approach in terms of user
experience. For this purpose, a co-creation process with help of new technologies was carried out
from initial ideation to 3D modelling.

2 PREVIOUS WORK

2.1 Start with Ideation

In the context of product design, ideation is the generation of ideas of solutions to a defined
problem or needs [27]. Brainstorming is a famous method of collective ideation that is generally
used with a group of 8-10 people. The aim of brainstorming is to collectively generate many ideas
which are then selected and organized. In a brainstorming session, participants are invited to
produce ideas on a given subject, initially focusing on quantity rather than quality. Brainstorming
is usually conducted in groups, because the ideas of other participants are supposed to generate
other ideas by association and inspiration. This process could also be characterized as group
creativity. Research shows that groups tend to be more creative than individuals and although in
general more diversity leads to more creativity, there are boundaries in group size and the
multitude of disciplines [21]. Therefore, this type of brainstorming in more homogeneous groups
suffers from some drawbacks. Overall, participants tend to give less original and fewer ideas when
they perform the divergence stage in a group than when they are alone [10]. In a more
homogenous group, they may inhibit ideas which they think they will not be understood by
everyone [26]. The idea selection stage is also biased by social influences related to the collective
nature of brainstorming [6]. One mean to avoid the detrimental effects of the monodisciplinary
group is to start the brainstorming by an individual idea generation phase.

2.2 Three-dimensional Scan in the Design Process

3D scanning technologies are evolving rapidly, making new use cases possible thanks to improved
rendering, simpler implementation and better accessibility of devices. In the field of design, 3D
scanning is the subject of various initiatives. For example, [15] describe the scanning of body
parts for the design of products that need to be shaped to fit the body, such as clothing, glasses,
headphones, watches, oxygen masks, prostheses or vehicle seats. [23] want to speed up and
simplify the process for certain specific design cases by proposing an algorithm to automatically go
from the scan of an object to its representation in CAD. The effects of different types of virtual
environments on the designer’s creative performance have been evaluated [8], but to our
knowledge, 3D scanning as a means of facilitating creative work in VR has not been studied.

2.3 Immersive Sketching

The activity of sketching is in some cases part of ideation as sketching can be the means of
representing the ideas generated by the designers. On the other hand, sketching can be
considered as a way of prototyping, which is therefore assumed to occur later in the design
process. Sketching activity leads to generating more ideas than quick and dirty prototyping with
tangible materials and leads to exploring more design spaces [2]. In recent years, many studies
have focused on VR as a tool for creativity and it is generally considered to be beneficial for
creative activities (e.g. [3], [29]). VR Sketching software would be more effective than tablet for
creative sketching, as VR would support more flow and task motivation of the users [18]. VR is
also superior to pen and paper for creative sketching because it leads to a satisfying level of
efficiency, effectiveness, ease of use and enjoyment [28] and because it generates more extension
of solution space, enhancement of idea transformation and inducement to a more holistic design

Computer-Aided Design & Applications, 19(5), 2022, 868-878
© 2022 CAD Solutions, LLC, http://www.cad-journal.net



http://www.cad-journal.net/

870

approach for idea generation [30]. More details have been provided on the determinants of
creative performance in VR by [9]: It appears that the stimulating nature of the tool (linked to the
novelty) is important, and that cybersickness, which is specific to VR, can hinder creative
performance.

2.4 Three-dimensional Modelling

CAD is a stage that should ideally take place at a moment in the design process when the main
ideas have already been generated in detailed, as CAD software are not effective for creativity
[11]. With a CAD software, participants tend to focus on the accuracy of the representation, to the
detriment of thinking about the concepts [17]. [1] provide a list of reasons why CAD software are
not adequate to support the early conceptual design stages. They indicate that CAD leads to poor
designs in the early stages, that it is impossible to explore many concepts quickly and that
designers are distracted by technical issues and software usage issues rather than by the
concepts. The functional capabilities of CAD tools limit the possible solutions. These functions are
numerous, but not always sufficient to represent everything that designers can imagine. Actually,
designers may even limit their imagination, not only to what is feasible with the software, but to
what is easy to represent [22]. The more detailed the CAD model becomes during the project, the
more there is a disincentive to make significant changes [22]. There is therefore both an early
fixation of ideas and an inertia of concepts that become frozen as they become more detailed.
However, in the advanced phases of the project, CAD allows for improved visualization and
communication of ideas within the teams [22].

2.5 Visualization in Virtual Reality

It was mentioned that CAD software is not relevant for creative tasks. Therefore, a creative
iteration aiming at imagining improvements and corrections on the 3D model should rather be
done in VR than with the CAD software. VR is a media that promotes spatial inspection behaviours
[30], which consist of changing one's point of view by rotating around the object in order to
observe it in a general or specific way. This frequent change of viewpoint is considered a key
element of design as it would lead to an increase in idea transformation, the designer identifies
more elements to improve, and it also leads to a more holistic approach to design [4].

2.6 Objectives of the Study

[20] discussed some specificities of a “living lab” approach to the furniture design. In particular,
they mentioned the favourable role that the use of immersive technologies could have in
facilitating co-creation process of furniture design.

The objective of the present study was to propose an innovative process for furniture design
based on the integration of 3D scanning and VR sketching technologies. To provide a critical view
of this process, we also aimed to test it in a controlled way, with evaluation of the tools in terms of
user experience in order to identify possible “pain points”, as well as specific feedback to lead to
recommendations for improvement.

3 METHOD

3.1 Participants

The participants in this study were 17 engineering school students (14 males et 3 females)
specialized in wood engineering. The youngest was 20 years old and the oldest 22 years old with
an average age of 21.1 (Standard Deviation = .412). None of them were used to use VR tools to
make sketches.
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3.2 Measures

The user experience associated with the use of the tools during the 3D scanning, VR sketching, 3D
modelling and visualization and correction phases was again evaluated by means of a widely used
questionnaire named AttrakDiff [14]. This questionnaire consists of 28 items for which participants
respond on a 7-points Likert scale. These items measure the following dimensions:

e Pragmatic qualities that are usefulness and usability, what will support the
achievement of the objectives (the clarity of the device, its predictability, etc);

e Hedonic qualities refer to the capacity of the product to give pleasure to the user;

e Identification, ability to provide him popularity, to connect him to others;

e Stimulation, the ability of the system to stimulate the user, to give him a sense of
control;

e Attractiveness is the combination of pragmatic and hedonic qualities to arrive at an
overall appreciation derived from perceived quality.

3.3 Procedure and Material

After signing a consent form, participants began a two-week furniture design process and worked
4 hour a day. The participants were asked to design and model furniture that would replace the
existing one in a meal and coffee area of their campus. Three groups were formed, consisting of 6,
6 and 5 students. Each group had to work on the design of furniture for a specific area of the
kitchen. The five stages of the process are schematized on figure 1.

Sketch in virtual - Visualization and
. 3D modeling .
reality correction

Figure 1: Schematic representation of the design phases carried out by the participants.

3.3.1. Ideation

After visiting the kitchen and taking pictures of it (see Figure 2), each group of participants carried
out a brainstorming about the features that the future furniture in their area should have. It began
with 15 minutes of warm-up activity, then 15 minutes of individual generation of ideas on sticky
notes, to avoid negative effects of groups [26], and finally 30 minutes for sharing their ideas
within groups, to generate new ones, organize and select them.
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Figure 2. Photographs of the three areas of the kitchen to be renovated: the space where users sit
(left), the sink area (center) and the “storage” area (right).

3.3.2. 3D scan

After the brainstorming stage, the participants made a 3D scan of their kitchen area. To do this,
they used an iPhone 12 smartphone and a prototype of scan application based on Lidar
technology. The interface of the scanning application was composed by one button to start the
scan and one to stop it. During the scan, a grid appeared dynamically on the screen to specify to
the users which volumes are scanned. The participants had to move the smartphone around in the
room to scan it. Each participant made a scan, and each group then selected the best scan among
those made by its members. All participants had to answer the French version of the user
experience questionnaire named attrakdiff [14], about the scanning tool they had just used.

3.3.3. Sketch in VR

The participants had 30 minutes to take the VR sketching software called Time2Sketch [17] in
hand. The facilitator was nearby to answer questions. Time2Sketch allows participants to immerse
themselves in a 3D scan made with the application mentioned in the previous section, and allows
them to sketch ideas in 3 dimensions in this virtual environment. Users can choose the size and
colour of the brush to draw in space around them, teleport, move their sketches, resize them, use
an axis of symmetry, and erase their work or pieces of the scan they want to remove.

Then, for a two-hour sequence, they immersed themselves in their scanned environment and
had to make sketches of furniture. At the end of the two hours, each group had to produce a
sketch of a main furniture idea. Participants had one VR headset per group (Oculus Quest 2), with
visual feedback on a screen to facilitate verbal collaboration between the person with the headset
and the other members of their group. All members of each group were asked to spend time in the
headset working on the sketches. At the end of the two hours, each group took some screenshots
of their sketch and each participant filled in the attakdiff for the VR sketches.

3.3.4. 3D modelling

Based on the picture of their sketch, each group had to model a 3D representation of their idea of
furniture using the CAD software named “Fusion 360”. They first were trained on the main
functions, and during two days, they worked on their models with the possibility to ask for help
from the trainer if needed. All of the groups used the collaborative mode of Fusion 360 to facilitate
the sharing of 3D models generates by each participant. At the end of this sequence, all the
participants completed the attrakdiff concerning Fusion 360.

3.3.5. Visualization and correction

The 3D models made with Fusion 360 were imported into a model of the kitchen. The participants
were then asked to return in VR to visualize their model in the context of the remodeled kitchen
with a headset and to see if there was anything that needed to be corrected or improved. All of the
above-mentioned functions of Time2Sketch were available to them. For one and a half hours, the
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participants could sketch freehand corrections in VR to specify future corrections to be made to the
models. Finally, they answered the attrakdiff questions about Time2Sketch for this visualization
and correction activities.

4 RESULTS

Figure 3 shows the results of each stage for the 3 groups. We see that the intermediate design
objects evolve over the course of the project from a set of ideas written on sticky-notes (180 in
total) to four freehand, but more elaborate sketches, then as a whole set of 3D models, and finally
these 3D models were annotated and corrected by hand. Although there were only 3 groups, the
process resulted in 4 projects because one of the groups decided, during the sketching stage, to
explore two tracks in parallel.

. Sketch in virtual . Visualization and
Ideation ¢ 3D modeling s
reality correction
g - -
1 B » - g J
| SN S

(RN

Figure 3. Images of the productions of the three groups for each of the five stages.

All groups identified design issues when visualizing in virtual reality. Figure 4 shows two examples
of the achievements in the final correction stage. First picture shows the drawing of a participant
who tried to physically place himself in front of the table by sitting on a tangible chair and drew his
own silhouette to find that the stool he had modelled was not well positioned for use. In the
second picture, we can see that one participant had become aware in VR that the shelves he had
modelled above the sink were far too high and inaccessible.

In this second image, we also see the drainer: the principle was that the water would flow into
the sink. The participants identified through immersive visualization that the water would flow over
the wooden rim rather than into the sink and that the shape of the furniture would have to be
modified. Finally, one group identified difficulties related to the presence of their furniture in
addition to those of the other groups: the connection between these pieces of furniture in the
corner of the room was poor and made an area inaccessible.

Concerning the attrakdiff questionnaires, figure 5 shows the four tools positioned according to
their average perceived hedonic and pragmatic qualities. First of all, as expected, the scanning tool
appears to be superior on pragmatic qualities, which is understandable given the extreme
simplicity of the « one button » interface. Concerning the VR sketch tool, it should be noted that it
is the best positioned in terms of hedonic qualities. Overall, the evaluations of the different tools
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are very positive in terms of hedonic qualities, but more moderate in terms of pragmatic qualities.
It therefore seems that an effort to improve the usability of the tools should be prioritized,
particularly with regard to VR sketches and 3D modelling.

Figure 4. Screenshots of some corrections made during the last stage.

Hedonic qualities
o

-3 0 3
Pragmatic qualities

Figure 5. Graph showing the positioning of the four tools in terms of pragmatic and hedonic
qualities.
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The Table 1 shows means and standard deviations of the four dimensions of user experience for all
the tools tested. Scores of attrakdiff are considered as acceptable between 0 and 1, and really
good when higher than 1. Concerning our results, all the dimensions are higher than 0 and some
of them are higher than one. There is no major pain point identified in the assessed process.

Scan VR Sketch 3D modeling Visualization &
correction
Pragmatic Quality 1(.360) 0.441(.876) 0.229(.486) 0.729(.769)
Hedonic Quality - 1.685(.660) 1.840(.726) 1.017(.680) 1.455(.618)
Stimulation
Hedonic Quality - Identity | 0.991(.708) 1.159(.962) 1.205(.775) 0.892(1.016)
Attractiveness 1.718(.809) 1.676(1.126) 1.458(.952) 1.739(1.038)

Table 1. Means and standard deviations (between brackets) for the four dimensions of user
experience concerning the four stages of tools uses.

5 DISCUSSION AND CONCLUSIONS

The objective of this study was to propose a process based on the use of 3D scan and VR sketches
for furniture design. The evaluation of the tools of this process in terms of user experience also
aimed at identifying possible pain points in order to specify recommendations for improvement.
Generally speaking, the user experience evaluations associated with each tool reveal that there are
no real pain points in this process. Fusion 360 appears to be the best evaluated on the
"identification" dimension. This is understandable since the identification items refer to notions of
"high-end" and "professional aspect" of the device, and Fusion 360 is a commercial product
whereas the Scan tool and Time2Sketch are prototypes from lab. The fact that VR appears to be
stimulating and attractive is not a surprise and coincides with the findings of [17]. Finally, the
perceived ease of use of the scanning tool was expected as the interface is extremely simple.

The results also revealed that the visualization in VR of the modelling in context was effective
in allowing participants to identify problems that were not visible in Fusion 360 on screen. This
result is related to the ability of VR to facilitate spatial explorations of a 3D object [30, 4]. All the
groups improved their proposal through this stage because they saw problems in VR that had
previously gone unnoticed.

Regarding the improvements to be made to the proposed process, we have identified several
points. First of all, we saw that the usability of the CAD software could be improved, as well as its
hedonic qualities. We can imagine, for example, working on gamification techniques to guide the
user and make the use more playful [13], or even performing the modelling directly in VR [5].
Furthermore, the usability of Time2Sketch can be improved. Based on the users’ feedback,
simplifying the interaction by better choosing the buttons corresponding to the different functions
would probably be enough to make it more intuitive. In addition, the collaboration feature of
Fusion 360 was particularly appreciated by the participants as it facilitated working with several
people on the same models. Based on this feedback, a possible improvement to Time2Sketch
would be to allow users to immerse themselves in the scanned environment with several people at
the same time to facilitate collaboration during the sketching stages. Finally, the ideation stage
was carried out with sticky-notes, but electronic brainstorming could be used, since we know
under what conditions it is effective [16], [25], or even immersive storming [7], since VR
brainstorming tools exist and it is known that VR can have a high potential for ideation (e.g. [7],
[17].

The present study has two main limitations. The first one concerns the level of generalization
of the results in terms of application cases. It was about furniture design, but the proposed
process is not necessarily relevant for other design domains such as architecture or mechanical
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parts design, as each domain is subject to specific constraints. The second limitation concerns the
participants. The test population consisted of students, therefore with little experience in terms of
design, and relatively new to VR. We can expect better results with a trained population, used to
these tools and this process. Future studies should explore further improvements to this process,
including more VR, but also evaluate the process with more trained participants. Co-creation
processes will have to be analyzed too, as well as how can VR technology help to promote it.

Sylvain Fleury, https://orcid.org/0000-0002-9229-6632

Philippe Blanchard, https://orcid.org/0000-0003-0777-3252
Laurent Dupont, https://orcid.org/0000-0002-8279-9690

Peter Meister Broekema, https://orcid.org/0000-0002-7926-4118
Simon Richir, https://orcid.org/0000-0003-2075-6609

REFERENCES

[1] Abdalla, S.-B.; Rashid, M.; Ara, D.-R.: Plausibility of CAAD in Conceptual Design: Challenges
in Architectural Engineering for Early-Stage Digital Design Tools. Journal of Architectural
Engineering, 27(2), 2021, 04021004. https://doi.org/10.1061/(ASCE)AE.1943-
5568.0000457

[2] Bao, Q.; Faas, D.; Yang, M.: Interplay of sketching & prototyping in early-stage product
design. International Journal of Design Creativity and Innovation, 6(3-4), 2018, 146-168.
https://doi.org/10.1080/21650349.2018.1429318

[31 Chang, Y. S.; Chou, C. H.; Chuang, M.-].; Li, W.-H.; Tsai, I. F.: Effects of virtual reality on
creative design performance and creative experiential learning. Interactive Learning
Environments, 2020, 1-16. https://doi.org/10.1080/10494820.2020.1821717

[4] Drey, T.; Gugenheimer, J.; Karlbauer, J.; Milo, M.; Rukzio, E.: VRSketchIn: Exploring the
Design Space of Pen and Tablet Interaction for 3D Sketching in Virtual Reality. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems (pp. 1-
14)., 2020, https://doi.org/10.1145/3313831.3376628

[5] Feeman, S.-M.; Wright, L.-B.; Salmon, J.-L. (2018). Exploration and evaluation of CAD
modeling in virtual reality. Computer-Aided Design and Applications, 15(6), 892-904.
https://doi.org/10.1080/16864360.2018.1462570

[6] Fleury, S.; Agnés, A.; Cados, L.; Denis-Lutard, Q.; Duchéne, C.; Rigaud, N.; et al.: Effects of
social influence on idea selection in creativity workshops. Thinking Skills and Creativity,
2020, 100691. https://doi.org/10.1016/j.tsc.2020.100691

[7] Fleury, S.; Agnés, A.; Vanukuru, R.; Goumillout, E.; Delcombel, N.; Richir, S.: Studying the
effects of visual movement on creativity. Thinking Skills and Creativity, 36, 2020, 100661.
https://doi.org/10.1016/j.tsc.2020.100661

[8] Fleury, S.; Blanchard, P.; Richir, S.: A study of the effects of a natural virtual environment on
creativity during a product design activity. Thinking Skill and Creativity, 2021,
https://doi.org/10.1016/j.tsc.2021.100828

[9] Fleury, S.; Vanukuru, R.; Poinsot, K.; Mille, C.; Agnes, A.; Richir, S.: CRUX: A CReativity and
User eXperience Model. Digital Creativity, 2021,
https://doi.org/10.1080/14626268.2021.1915339

[10] Furnham, A.; Yazdanpanahi, T.: Personality differences and group versus individual
brainstorming.  Personality and Individual Differences, 19(1), 1995, 73-80.
https://doi.org/10.1016/0191-8869(95)00009-U

[11] Haggman, A.; Tsai, G.; Elsen, C.; Honda, T.; Yang, M.-C.: Connections between the design
tool, design attributes, and user preferences in early stage design. Journal of Mechanical
Design, 2015, 137(7). https://doi.org/10.1115/1.4030181

[12] Hale, L.; Linley, E.; Kalaskar, D. M.: A digital workflow for design and fabrication of bespoke
orthoses using 3D scanning and 3D printing, a patient-based case study. Scientific reports,
10(1), 2020, 1-7. DOI: 10.1038/s41598-020-63937-1

Computer-Aided Design & Applications, 19(5), 2022, 868-878
© 2022 CAD Solutions, LLC, http://www.cad-journal.net



http://www.cad-journal.net/
https://orcid.org/0000-0003-0777-3252/
https://orcid.org/0000-0002-8279-9690
https://orcid.org/0000-0002-7926-4118
https://orcid.org/0000-0003-2075-6609
https://doi.org/10.1080/21650349.2018.1429318
https://doi.org/10.1080/21650349.2018.1429318
https://doi.org/10.1080/10494820.2020.1821717
https://doi.org/10.1145/3313831.3376628
https://doi.org/10.1080/16864360.2018.1462570
https://doi.org/10.1016/j.tsc.2020.100691
https://doi.org/10.1016/j.tsc.2020.100661
https://doi.org/10.1016/j.tsc.2021.100828
https://doi.org/10.1080/14626268.2021.1915339
https://doi.org/10.1016/0191-8869(95)00009-U
https://doi.org/10.1115/1.4030181
https://ui.adsabs.harvard.edu/link_gateway/2020NatSR..10.7028H/doi:10.1038/s41598-020-63937-1

877

[13] Kosmadoudi, Z.; Lim, T.; Ritchie, J.; Louchart, S.; Liu, Y.; Sung, R.: Engineering design
using game-enhanced CAD: The potential to augment the user experience with game
elements. Computer-Aided Design, 45(3), 2013, 777-795.
https://doi.org/10.1016/j.cad.2012.08.001

[14] Lallemand, C.; Koenig, V.; Gronier, G.; Martin, R.: Création et validation d’une version
francaise du questionnaire AttrakDiff pour ['évaluation de I’expérience utilisateur des
systémes interactifs. European Review of Applied Psychology, 65(5), 2015, 239-252.
https://doi.org/10.1016/j.erap.2015.08.002

[15] Lee, W.; Lee, B.; Kim, S.; Jung, H.; Jeon, E.; Choi, T.; You, H.: 3D scan to product design:
Methods, techniques, and cases. In Proceedings of the 6th International Conference on 3D
Body Scanning Technologies, Lugano, Switzerland. October 27-28, 2015; Authors version.
Hometrica Consulting, 2015, http://dx.doi.org/10.15221/15.168

[16] Maaravi, Y.; Heller, B.; Shoham, Y.; Mohar, S.; Deutsch, B.: Ideation in the digital age:
literature review and integrative model for electronic brainstorming. Review of Managerial
Science, 2020, 1-34. https://doi.org/10.1007/s11846-020-00400-5

[17] Mille, C.; Christmann, O.; Fleury, S.; Richir, S.: Effects of digital tools feature on creativity
and communicability of ideas for upstream phase of conception. 4th International Conference
on Computer-Human Interaction Research and Applications, 2020.

[18] Obeid, S.; Demirkan, H.: The influence of virtual reality on design process creativity in basic
design studios. Interactive Learning Environments, 2020, 1-19.
https://doi.org/10.1080/10494820.2020.1858116

[19] Okeil, A.: Hybrid design environments: immersive and non-immersive architectural design.
Journal of Information Technology in Construction (ITcon), 15(16), 2010, 202-216.

[20] Pallot, M.; Dupont, L.; Fleury, S.; Araque-Tellez, G.; Richir, S.: Investigating the Impact of
Visual Representations during Ideation: Towards Immersive eXperience Design. Immersive
and Collaborative Environment, 2021,
https://doi.org/10.1109/ICE/ITMC52061.2021.9570244

[21] Paulus, P.-B.; Nijstad, B.-A.: Group creativity: Innovation through collaboration. Oxford
University Press, 2003, https://doi.org/10.1093/acprof:0s0/9780195147308.001.0001

[22] Robertson, B.-F.; Radcliffe, D.-F.: Impact of CAD tools on creative problem solving in
engineering design. Computer-aided design, 41(3), 2009, 136-146.
https://doi.org/10.1016/j.cad.2008.06.007

[23] Shabayek, A.-E.-R.; Aouada, D.; Cherenkova, K.; Gusev, G.: Towards Automatic CAD
Modeling from 3D Scan Sketch based Representation. In Proceedings of the 15th
International Joint Conference on Computer Vision, Imaging and Computer Graphics Theory
and Applications (VISIGRAPP 2020), GRAPP (pp. 392-398), 2020,
https://doi.org/10.5220/0009174903920398

[24] Shih, Y.-T.; Sher, W.-D.; Taylor, M.: Using suitable design media appropriately:
Understanding how designers interact with sketching and CAD modelling in design processes.
Design Studies, 53, 2017, 47-77. https://doi.org/10.1016/j.destud.2017.06.005

[25] Siegle, D.: I Have an Idea I Need to Share: Using Technology to Enhance Brainstorming.
Gifted Child Today, 43(3), 2020, 205-211. https://doi.org/10.1177/1076217520919967

[26] Stroebe, W.; Nijstad, B.-A.; Rietzschel, E.-F.: Beyond productivity loss in brainstorming
groups: The evolution of a question. Advances in experimental social psychology: Vol. 43
(pp. 157-203). Academic Press, 2010, https://doi.org/10.1016/S0065-2601(10)43004-X

[27] Thoring, K.; Mdller, R.-M.: Understanding design thinking: A process model based on method
engineering. DS 69: Proceedings of E&PDE 2011, the 13th International Conference on
Engineering and Product Design Education (pp. 493-498), 2011.

[28] Van Goethem, S.; Watts, R.; Dethoor, A.; Van Boxem, R.; van Zegveld, K.; Verlinden, J.;
Verwulgen, S.: The Use of Immersive Technologies for Concept Design. In International
Conference on Applied Human Factors and Ergonomics (pp. 698-704). Springer, Cham.,
2020, DOI: 10.1007/978-3-030-51828-8_92

Computer-Aided Design & Applications, 19(5), 2022, 868-878
© 2022 CAD Solutions, LLC, http://www.cad-journal.net



http://www.cad-journal.net/
https://doi.org/10.1016/j.cad.2012.08.001
https://doi.org/10.1016/j.erap.2015.08.002
https://doi.org/10.1080/10494820.2020.1858116
https://link.springer.com/article/10.1007/s11846-020-00400-5
https://doi.org/10.1080/10494820.2020.1858116
https://doi.org/10.1080/10494820.2020.1858116
http://dx.doi.org/10.1109/ICE/ITMC52061.2021.9570244
https://doi.org/10.1016/j.cad.2008.06.007
https://doi.org/10.5220/0009174903920398
https://doi.org/10.1016/j.destud.2017.06.005
https://doi.org/10.1177%2F1076217520919967
https://doi.org/10.1016/S0065-2601(10)43004-X

878

[29] Yuan, Q.; Huai, Y.: Immersive sketch-based tree modeling in virtual reality. Computers &
Graphics, 94, 2021, 132-143. https://doi.org/10.1016/j.cag.2020.12.001

[30] Yang, E.-K.; Lee, J.-H.: Cognitive impact of virtual reality sketching on designers’ concept
generation. Digital Creativity, 31(2), 2020, 82-97.
https://doi.org/10.1080/14626268.2020.1726964

Computer-Aided Design & Applications, 19(5), 2022, 868-878
© 2022 CAD Solutions, LLC, http://www.cad-journal.net



http://www.cad-journal.net/
https://doi.org/10.1016/j.cag.2020.12.001
https://doi.org/10.1080/14626268.2020.1726964

