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ABSTRACT

More than ever, the ability to quickly and effectively shape ideas in a 3D environment is essential for
industrial designers and with the rise of XR technology, a shift from traditional, screen-based CAD to
VR-based CAD could improve time to market and personal effectiveness for product designers. In this
study, this shift is assessed from a user experience perspective. Ten professional product developers
are asked to design respirator masks. The experiment takes place in the Gravity Sketch VR app, using
a HTC Vive Pro HMD. The participants are observed, surveyed and interviewed regarding different
parameters on their experience. Participants experienced VR Aided Design as quick and intuitive.
They personally felt performant and they enjoyed the process. As of now, VRAD is not seen as an
alternative to neither sketching nor CAD. Instead, new users experience it being a new tool that can be
positioned either parallel to or in between ideation sketching, clay modeling and detailed CAD design.
Lastly, this paper includes a preliminary look at a VR Stylus for virtual reality aided design.
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1 INTRODUCTION

For industrial designers, going from pencil sketching straight to screen based Computer Aided Design
CAD) has been the standard for two decades (Tovey, 1997). Lately, design researchers have been
looking into Virtual Reality (VR) and its advantages for industrial design (Berg and Vance, 2017). The
usefulness of VR for early stage concept design has already been touched on by many (Adenauer et al.,
2013). It stimulates spatial ability during 3D sketching (Israel et al., 2009), creativity in technology
education (Thorsteinsson and Page, 2007) and efficiency in assembly (Nee et al., 2012). After all it
makes sense to design a 3D concept directly in a 3D environment instead of on a 2D interface, e.g. a
computer monitor.

Currently, available solutions for VR-based CAD design are 3D sketching applications that employ
standard VR controllers. Although ergonomically shaped, these controllers are meant to be used for
gaming purposes. Researchers have proposed other controllers and/or user interfaces (Uls) specifically
designed for the purpose of drawing and 3D modeling in Mixed Reality (MR). Two types of alternative
controllers are firstly the use of hand-gestures: with haptic devices (Bakker et al., 2017; Bordegoni et
al., 2010), haptic gloves (Schkolne et al., 2001) or bare handed (Chu et al., 1997; Hummels and Stappers,
1998; Krichenbauer et al., 2018; Piumsomboon et al., 2013) and secondly the use of stylus-shaped
controllers: on physical planes (Fiorentino et al., 2002; Reipschldger and Dachselt, 2019), on tablets
(Bae et al., 2008; Drey et al., 2020; Wang et al., 2019), on physical prototypes (Milosevic et al., 2016)
or in the air (Jackson and Keefe, 2016; Sachs et al., 1991). Until recently, these alternatives have not
found their way into the commercial market. Logitech S.A. recently changed this this by launching their
VR Ink stylus (Pilot Edition) (Logitech, n.d.).

The potential for this 3D design environment becomes most visible when shaping wearable products
that have organic surfaces (Van Goethem et al., 2020; Nunes et al., 2017), e.g. backpacks, shin guards
or sneakers. However, few researchers have looked at immersive 3D modeling from the designers’ point
of view. In other words, looking at the act of 3D sketching and its intrinsic effect on parameters like
efficiency, creativity, effectiveness, and personal enjoyment in 3D design. In product development, the
ideation phase usually consists of generating a large variety concepts, traditionally using pencil
sketching, clay or foam sculpting. Immersive alternatives for ideation are VR sketching applications like
Google Tilt Brush (Cass, 2019) or Oculus Quill (Quill, n.d.). However, in our experience, the current
gold standard for the designerly use of VR, is Gravity Sketch VR (Couche et al., 2014). For example,
Gravity Sketch is already being implemented in the automotive industry (Lawson et al., 2016).

The most recent work from a designers perspective was by Joundi et al. (Joundi et al., 2020), who used
master students to gain insights on Gravity Sketch VR. Their conclusion is twofold: Firstly, VR can be
a helpful tool for visualizing and 3D modeling enclosed shapes and secondly, Gravity Sketch VR still
has a steep learning curve. D.S. Ozgen (Ozgen et al., 2019) uses Google Blocks to prove that VR can
boost personal effectiveness and personal enjoyment in architecture students. Rieuf et al (Rieuf et al.,
2017) and Haggman et al (Haggman et al., 2015) compared the traditional design process to the
immersive process aesthetically and semantically. Balzerkiewitz and Stechert (Balzerkiewitz and
Stechert, 2020) provided a good overview of current consumer-level VR sketching apps, illustrating that
for researching VR Aided Design (VRAD) there is no longer a need for design researchers to develop
their own applications (Bourdot et al., 2010; Fuge et al., 2012; Ingrassia and Cappello, 2009). Maurya
et al provide a novel approach to concept generation, prototyping and storyboarding with Mixed Reality
(Maurya et al., 2019). A. Oti and N. Crilly looked at overcoming the challenges of paper-based
designing using VRAD (Oti and Crilly, 2020) from a spatial recognition perspective.

In summary, researchers agree that VRAD can be a helpful tool for designers. There is evidence that
VRAD can boost personal effectiveness, enjoyment, and spatial recognition. Secondly, there is some
conflict about whether or not VRAD has a steep learning curve (Van Goethem et al., 2020; Joundi et
al., 2020). Lastly, researchers have been looking into ways of optimizing the VRAD workflow by
prototyping different controllers. By researching designers’ experiences with VRAD, this paper aims to
provide additional evidence about the abovementioned parameters. The overarching research question
for this paper is: ‘How do product designers experience trying out VR-based ideation for the first time?”.
The participants are chosen to have master’s degree in industrial design, while still being young and
flexible towards technological advancements. This experience will be referenced against their personal
workflow. Knowing that trained product developers know already what their usual workflow looks like,
guantitative comparison to traditional media was deemed unnecessary. The experiment was carried out
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with VR novices for two reasons: Firstly, VRAD is still too new to define and find VR ‘experts’ and
secondly, this would allow testing whether VRAD would be deemed ‘easy to learn’ by participants.
Lastly, the experimental set up of this paper can be a case study for carrying out VR-related experiments
in post COVID-19 times, where participant hygiene is of maximum importance. The Logitech VR Ink
was used in the interest of evaluating stylus-shaped VR controllers as an alternative to gaming
controllers.

2 METHOD

For determine how product designers experience VR-based ideation, the following experiment was
carried out. 10 Product development (industrial design) graduates (8 male, 2 female) aged between 23
and 31, three of which were left-handed (Table 1), were asked to draw a respirator mask. They were
selected to have very little to zero experience with VR sketching, no experience with VR sketching, but
years of experience with traditional CAD design. The respirator mask was chosen as a subject because
it is an organically shaped wearable product, which are favorable characteristics for designing in VR
(Nunes et al., 2017).

Table 1. Relevant participant demographics

Count % Designs (figure 4)

Male 8 80 1,2,4,5,6,8,9, 10
Female 2 20 3,7
Experienced with VR 4 40 1,2,4,10
Left-handed 3 30 4,5 8
Opted for paper sketching 6 60 1,4,7,8,9, 10
Visibly nervous 1 10 8

Done before 30 min. 2 20 5,6

Considering the COVID-19 pandemic, the participants were first informed about all the measures taken
to keep the experimental environment clean and safe (Figure 1). After a 3-minute pre-test demographic
survey (age, experience with design, experience with VR et cetera) they were taught the basics of
Gravity Sketch. For this, they were shown eight short tutorial videos (9 minutes in total) of the Gravity
Sketch YouTube channel (Gravity Sketch, 2020). These were selected for teaching a certain, basic
workflow where you only work with lines and surfaces (Figure 2). After this tutorial the participants
were shown two examples of the same workflow from two Gravity Sketch experts on Instagram: Nick
P. Baker (Baker, 2018) and Fed Rios (Rios, 2019).

40.00
\_,/4:,0
110.00

Figure 1. Protecting the participants health during the COVID-19 crisis: Preventive
protective equipment: FFP3 protective respirator (left) and lasercutted polypropylene (PP)
face barrier (right). Additionally, the equipment was disinfected in between participants.

To make sure they had the ability create something worthwhile within thirty minutes, the decision was
made to not show them all the tools available within Gravity Sketch. The workflow that was shown to
them (Figure 2) consisted of sketching lines first, drawing surfaces in between these lines and editing
them afterwards if needed. This was done so that the participants were able to focus on their own
creativity and the respirator mask design instead of focusing on having to learn and choose from a
multitude of available software tools.

ICED21 3341

https://doi.org/10.1017/pds.2021.595 Published online by Cambridge University Press


https://doi.org/10.1017/pds.2021.595

Figure 2. Screenshots from the Gravity Sketch tutorials depicting the simplified workflow:
Lines (left) and surfaces (right)

For mimicking their natural workflow, the participants could choose whether they wanted to brainstorm
on their design on paper for five minutes beforehand. 6 out of 10 participants opted for this. Either way,
they had 5 minutes for brainstorming and 30 minutes for using Gravity Sketch to 3D model their
respirator mask design. The design session was partially video recorded and completely screen recorded
using the built-in camera function from Gravity Sketch and the screen capture program OBS Studio
(Jim, n.d.). An example video was added to the appendix. In Figure 3 a participant in action is shown,
the researchers could follow their progress on the screen.

Figure 3. Screenshot from the screen recordings in Gravity Sketch (left), participant 3D-
sketching a mask with the HTC Vive pro.

Lastly, the VR Ink stylus (Figure 4) was only briefly explained in advance to the participants since there
are no tutorials for it at that time. However, the digital Ul of the Logitech VR Ink stylus in Gravity
Sketch looks similar to the one of the HTC Vive controller handsets and the participants were allowed
to ask for help at any time. Consequently, the first five minutes of every session were spent explaining
the basic functions and layout of the VR Ink.

Figure 4. Logitech VR ink Pilot Edition (“Logitech VR Ink Pilot Edition - Ink Differently”, n.d.).
Contains two force sensitive controls (index finger and stylus tip), clickable 2D touch strip
and dual sided grip grab buttons. 232x64x42mm, Weight 68g

After this session, they were asked to fill out a larger survey containing a few agree — disagree
statements, a NASA TLX survey (Hart, 2006) for measuring workload and a PSSUQ questionnaire
(Lewis, 2002) for measuring usability. The experiment ends with a verbal debrief (5 min.) for each
participant, to give them the chance to furtherly explain their reasoning. The debrief served as a
qualitative substantiation of the results and possibly fixing mistakes in reasoning. When the conversation
came to a hold, a why question was posed. Additionally, five questions were prepared to guide the
conversation: ‘How was it?’, ‘How does this compare to your initial expectations?’, ‘How was the pen?”’,
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‘Was there anything you felt was missing?’and ‘Would you use it in your own workflow? . The questions
were followed by laddering ‘why’ statements, giving the participants ample time to reflect and talk about
their experiences. The responses were recorded and transcribed.

3 RESULTS

3.1 Survey data

The reactions on the statements (Table 2) infer that the participants saw VR as intuitive, something they
want for themselves and fun. There was doubt whether VR based sketching is the future of 3D
modelling, but they certainly did not write it off as improbable. This was also reflected in the debrief.
The participants liked the standard HTC Vive controller better when compared to the VR Stylus.

Table 2. Perceived value of 6 statements about the user experience with scores from “1,
strongly disagree”to “5, strongly agree”. (n=10)

Results
AVG SD Distribution

Statements

VR-based 3D modelling is

intuitive 39 120 oo
VR-based 3D modelling is

something that 1 want for 40 0.67

mySEIf 12 3 4 s
VR-based 3D modelling is fun 45 071 ‘
VR-based 3D modelling is the 36 052 ‘

future of 3D modelling
A 3D Stylus is comfortable touse 1.8  0.79 ‘

A standard HTC Vive controller 35 097 ‘
is comfortable to use

1 2 3

The NASA TLX (Raw TLX was used) survey (Hart, 2006) resulted in an average score of 49/100 (SEM
= 3.4), which is considered neither high nor low in terms of effort. The dominant factors are mental
demand and performance pressure (Figure 5). This was reflected during the debriefing, the participants
often specified that they were ‘just now getting the hang of it’. The PSSUQ survey (Lewis, 2002) on
usability reflects these results with an overall mean score of 3.6/7 (SEM = 0.3). The participants neither
liked nor disliked the usability of the VR-CAD system (Figure 6).

100 7.0
o0
6,0
80
70 5,0
I 1
50 T T 40 1 T
s0 T I T 1 T
1 T 3,0 1
40 1 J. ”
1
30 2,0
20
1,0
10
1] 0,0
Mental Physiscal Temporal Effort Performance Frustration System Information Interface
Demand Demand Demand Usefulness Quality Quality

Figure 5. Left: NASA TLX subcategory scores and their standard errors of means (SEM)
(n=10) from “O, low demand” to “100, high demand”. Right: The VR Stylus PSSUQ
subcategory results and their standard errors of means (SEM)(n=10) from 0, bad usability’
to 7, good usability’.
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3.2 User Experience (Debrief)

The designers were positive about their overall experience. They mentioned that they were surprised
about the intuitiveness of VR-based 3D modeling and they liked the quality of the respirator mask that
they were able to design after only half an hour (Figure 6). Basically, the difficulty for them was using
the VR controllers, the Gravity Sketch Ul and, for some, using an HMD for the very first time. However,
after having to browse the menu to find the right tool, most of them mentioned that it was fun to be able
to draw in a digital, immersive space. The act of VR sketching itself required very little mental effort
for them. Three participants did mention being anxious at first about the quality of their result. This was
because they were shown examples of VR modeling professionals, which were naturally a lot more
complete. They thought they had to compete with that, not expecting that there is a certain learning
curve to be familiar with the system.

When asked what stage within their own workflow VR-CAD could serve as a replacement, common
answers were: ideation sketching, clay modeling, foam modeling and presentation sketching. None of
the participants indicated that it could replace screen-based CAD modeling. One of the participants
specified that these parts of the design method are parts where you must be able to design very fast,
creating models that primarily serve as visual representations. “The fact alone that there is now an
‘undo’-button for the ideation phase is exciting”, one of the participants said. 90% of the participants
verbally reacted positively to wanting to use this technology in their own workflow.

¢ W% X

@'®w v 3

Figure 6. The design results of ten product designers, trying out Gravity Sketch VR for the
first time using the Logitech VR Ink (Pilot Edition) stylus and HTC Vive Pro (30 minutes).

During the debrief, everyone had strong opinions about the VR stylus. The participants like the idea of
using a pen in VR but they felt disappointed with the product. This paper is more about user overall
experience and less about the usability and ergonomics of the pen. However, the comments about the
stylus are essential to understanding the survey data.

The participants had high expectations about the pen. Being trained designers themselves, they expected
that the pen would be intuitive to them, but generally it was not. The first commonly occurring comment
the participants mentioned was the number of small buttons placed all over the pen. While there is an
understandable need for replacing a standard VR controllers’ button interface, it was difficult for the
participants to reach all the necessary functions. Two participants mentioned the fact that it is rather
unintuitive to have to control objects with buttons on a pen. They proposed a system where the pen
would be used in combination with something like a keyboard, where all the buttons and menus are on
the non-drawing hand.

The second comment was the weight being at the back of the pen: half of the participants spoke about a
strong imbalance in the hand because of this. In relation to this, although the VR Ink intentionally looks
like a traditional pen, 90% of the participants had to be corrected in the way they initially held the pen
(Figure 7). The right way of holding it can be seen in Figure 1. A final comment that almost everybody
mentioned about the pen was about the size: Some participants thought the pen was too big to hold,
others thought the pen was too small. More than half of the subjects mentioned that they would rather
use two traditional VR controllers.
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a b c d

Figure 7. Different incorrect ways in which the stylus was initially held by one or more
participants. a: Using their middle finger operate the buttons on top; b: Holding it too close to
the tip of the pen; c: Holding it in the palm of your hand, much like the traditional controller
and d: Holding it like a TV remote.

Insights like these can be used by industrial designers for improving the physical interface for future
virtual ‘in-air’ drawing XR controllers.

4 DISCUSSION

The stylus should not be considered written off based on this paper alone. Arguably, the main advantage
of the VR stylus was not utilized during this experiment, namely the ability to draw on physical surfaces.
This stylus was an early prototype and the tip of the pen arguably was not optimally developed yet, so
the participants were instructed not to do so. Additionally mid-air sketching induces the Heisenberg
effect (Wolf et al., 2020), where pushing a button inherently causes a certain inaccuracy. We believe a
better use case for this VR pen will arrive within the next year, namely the use of this technology in
combination with the next generation of augmented reality (AR) systems. Until then, a usability study
focusing on VR styli is less relevant. That said, these ten designers generally reacted negatively towards
it, which has likely influenced the NASA TLX and PSSUQ results. Participants indicated that they
would have likely answered the post-test surveys more positively if the experiment would have been
performed without the stylus.

Because of the low participant count and the stylus related frustrations, it is difficult to make concrete
statements about VRAD as a whole. Participants indicated that their experience would have been more
positive if the stylus was not in the picture, but it is impossible to know just how much this influenced
the results. However, using the survey data as a benchmark, the qualitative debrief can serve as a source
of insights to further future research on the topic. All participants seemed to enjoy partaking in this
experiment and were intrigued with the possibilities of VRAD. Most were talkative and had big ideas
about the future of design. The atmosphere was laid back because the task was open to their own
interpretation and easy to complete within the time given. The former was reflected in some of the
“funnier’ designs displayed in Figure 4. Unlike the NASA TLX and the compounded agree-disagree
survey, the use of a PSSUQ questionnaire did not give real insights in this study. This might have been
preventable by using a TAM questionnaire instead, like Ozgen et al. did (Ozgen et al., 2019).
Participants liked the idea of using VRAD in their own workflow for ideation. Based on the resulting
concepts generated during the first 30 minutes conclusions can be made about the efficiency and
intuitiveness of the tool. Whether or not it could be used for other workflow steps (e.g. anything but
ideation) cannot be deduced since only a few tools were presented to the participants to keep it simple.
In terms of future research about later stage VRAD design, authors recommend adding a few tools to
the list to allow more precision.

Lastly, performing a VR-related experiment post COVID-19 lockdown comes with challenges. A
number of measures were taken to make sure the test subjects were willing to participate, and these
measures were definitely appreciated. There are also a few advantages to using maximal face covering
protective equipment. For example, one of the participants did have some face-sweat, but it did not come
into contact with the foam on the HMD. Even if it would have, the next participant would not notice
because the polypropylene fabric blocks any moisture. Consequentially any liquid or soap residue (or
scent) went unnoticed because the skin (and the nose) were completely covered. A certain disadvantage
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is the added tension from the face masks in combination with wearing a VR headset. All participants
felt relieved when they could finally take everything off.

5 CONCLUSION & FUTURE WORK

The fact that these designers were able to make a 3D product sketch that looks like an actual product, in
30 minutes, with no prior knowledge of the software is remarkable. The conclusion of this paper is
twofold. Firslty, although the participants were not convinced on the VR stylus, the participants
indicated that VR-based 3D modeling is fun and something that they would like to use in their own
workflow. ldeation, concept design and visual presentation are brought forward as workflow tasks
wherein VR sketching would be most effective. Secondly, participants experienced VRAD as a quick
and intuitive tool for 3D ideation. They personally felt performant and they enjoyed the process. As of
now, VRAD is not seen as an alternative to neither sketching nor CAD. Instead, new users experience
it being a new tool that can be positioned either parallel to or in between ideation sketching, clay
modeling and detailed CAD design.

This paper validates and builds on the work of Joundi et al. (Joundi et al., 2020), on all but one point;
they state in their conclusion that they did not use VR as a form finding tool because it allegedly has a
steep learning curve. This paper disproves that by explicitly using it as a form finding tool in a similar
setting. While it is true that there is a certain learning curve for high end, detailed visualization,
participants were generally surprised about what could be accomplished within their first 40 minutes. In
terms of validity for shape ideation, the paper validates the findings Oti and Crilly (Oti and Crilly, 2020)
on early stage designing with VR. In terms of personal effectiveness and enjoyment these findings
confirm those of Ozgen et al and Maurya et al (Maurya et al., 2020; Ozgen et al., 2019).

It would be interesting to recreate this experiment, including a comparison between different kinds of
controllers. Secondly, it is worth studying ergonomic and usability requirements of next generation
controllers to be used for industrial design purposes. Additionally, using ‘enjoyment’ as a parameter for
this kind of study seems obvious but was considerably telling. Lastly, for studying user experience, the
workflow of the participants was predetermined (only curves and surfaces) to make sure that they were
able to create something worthwhile within 30 minutes. This means that this experiment does not present
a definite claim about the ‘natural’ workflow of each designer. A follow-up study could be one that
focuses on the “natural” workflow of designers who are already experienced in using VR-based CAD
software. Although further research is necessary, it is likely that adoption of VRAD in an industrial
design workflow would be beneficial.
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