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Abstract Virtual reality (VR) enables immersive experiences where users can
explore products in the virtual world. In the last few years VR technologies have
developed so much that the idea of substituting experiences with real products
through those with virtual representation is growing, even with all inaccuracies of
the computer-generated experience. If these virtual experiences are adapted as real,
how huge will be the opportunities to increase the effectiveness of product develop-
ment processes? For example, what if we can virtualize main parts of prototyping
because we can get valuable feedback on a virtual representative? Thus, under-
standing the possibilities of VR to create products and evaluate their user experience
(UX) is gaining in importance. While previous research analyzed the UX of interac-
tive products, only few studies have investigated the UX of VR-product representa-
tions compared to the real world. In order to get a first step towards understanding
the UX of virtual products, we conducted a product test that compares the UX of
real products with their representations in virtual reality. In an empirical study, our
subjects judged three different products with respect to their hedonic and pragmatic
qualities by evaluating them through the AttrakDiff 2 questionnaire. The results
from our user study revealed that there are in fact no significant differences in the
user experience for two out of the three products. However, one object was rated
significantly better in virtual reality compared to the real counterpart. Furthermore,
qualitative user statements have been analyzed, showing that the users either valued
or disliked different aspects of the products depending on whether these products
were perceived in real life or VR: In summary, our study shows that there is already
a high level of comparability between real and virtual product experience. At the
same time, it reveals some question approaches that still have to be answered when
experiencing virtual product representatives as if they were real.
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1 Introduction

For years, Virtual Reality (VR) has been experiencing an enormous boost in devel-
opment, thanks to an increasing amount of technical innovation and it is predicted
to continue to grow [28]. Large companies, such as Facebook with the acquisi-
tion of Oculus VR, are investing billions in the further development of VR hard-
ware as well as software [3]. This trend is strengthened by the development through
further complementary innovations, such as 360-degree video cameras, VR compat-
ible development environments such as Unity [34] or Unreal Engine [35], as well as
an unchanged social and entrepreneurial movement to make the knowledge of the
world available to all people.

Advancement of VR innovation has impelled a worldwide race to recognize and
exploit the next significant market opportunities. VR hardware manufacturers and
software engineers are collaborating with specialists of several different areas such as
product designers, architects or healthcare practitioners to create the next generation
of interactive products and services [40].

Innovation is crucial for businesses nowadays to be successful in the global market.
Many companies are trying to gain a competitive advantage towards their competi-
tors by applying new technologies and processes to their engineering design prac-
tices. Opportunities in industrial design processes arose because the maturity of VR
element technologies has increased greatly [11]. VR opens new possibilities for a
faster, cheaper and more effective process and they appear in all stages of product
design, such as ergonomics, product life cycle, manufacturing, etc., whereby the
biggest potential seem to occur during the early stages of product development.
Although computer modelling processes are currently used at different stages of the
product life cycle, building a physical, fully functional prototype makes the product
development process very expensive and time consuming. New technologies, such as
virtual reality applications, are needed to empower the industry with a faster and more
efficient way of creating products as they are an ideal tool for simulating prototypes
with authentic interactions [33].

In this study, we investigate whether there are differences in the user experience
of three different products when users perceive and interact with them. In order to
achieve this goal, we conducted a product test that compares the user experience of
real products with their representations in virtual reality. The fidelity of the computer-
generated experience was still far from that of the real-life ones, thus one of the hidden
interests behind the study was whether the level of fidelity that current VR experiences
offer would already generate a comparable experience to real-life products in terms
of the measurable UX-factors.
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2 Background

This paragraph relines the topics User Experience, Virtual Reality and Prototyping
and connects them to the background of our study.

2.1 User Experience, Hedonic and Pragmatic Quality

Over the last decades, design professions have become increasingly engaged with
UX. Various different attempts at providing theories and UX frameworks have been
made [7]. In contrast to early UX research, which was more focused on task effi-
ciency and other pragmatic qualities, user experience nowadays also considers quality
attributes like self-actualization [19] and the fact that the consumer experiences
hedonic qualities while interacting with a product. In Bruno and Muzzupappa [9],
the authors compared the usability of a microwave in virtual reality with the real-life
version of the product. The results of this test showed that there was no significant
difference between the usability of the same product in VR compared to reality.
However, none of the previous research conducted has tested if the user experience
of a product is different if it is seen and interacted with in virtual reality compared
to reality.

2.2 Virtual Reality

Virtual Reality is the experience to perceive a computer-generated environment as if
it is real. It is a powerful tool that provides an advanced immersive medium which
can deliver high-impact messages and engage potential consumers [5]. According
to Villani et al. [38], the experienced presence of some VR applications might even
surpass reality in some occasions, depending on the quality of the application as well
as the virtual environment.

Currently, there are examples of VR use which indicate that VR could be a next
step in evolving product development processes or that it is already in use for it.

The whole process of assembly planning in product development is a crucial
step for many companies. The process that describes how different parts will be put
together, function and also how they appear has proven to be a major cost factor for
the development of a product [8]. VR technology has proven to be an efficient tool
to simulate such advanced interactive product models by also providing different
kinds of sensations, such as haptic, auditory and visual [33]. Virtual CAD models
allow product designers to import prototypes into virtual environments during early
as well as later design stages. As a result, companies are able to perform evalua-
tions based on the virtual simulations instead of building a real product prototype.
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Especially formal design changes can be incorporated easily using virtual appli-
cations. Haptics, collision detection and interactions between objects can be simu-
lated by using natural human motions. Furthermore, the concept to visualize realistic
behavior and examine human interactions makes for example virtual assembly proto-
types ideal for analyzing assembly related problems [33]. In order to create a reliable
product model in VR, the evaluation environment must be able to simulate real world
scenarios regarding physics, interactions and their behavior and properties [12]. Seth
et al. therefore expanded existing definitions of VR in regards to product design
and described it as “the capability to assemble virtual representations of physical
models through simulating realistic environment behavior and part interaction to
reduce the need for physical assembly prototyping resulting in the ability to make
more encompassing design/assembly decisions in an immersive computer-generated
environment.”

Virtual reality applications are often used in the automotive sector to experience
[17] or even drive the desired car in the virtual environment [21]. Nissan also enables
consumers to even design their own Nissan carin VR [29]. Companies such as L’ Oreal
and Unilever [16] have created virtual reality store simulations to enable better shelf
layouts and therefore increase sales [31]. Companies like IKEA [22] or Lowe’s [26]
use VR applications to design and explore living rooms and the furniture within and
even share it on YouTube to increase the social experience of the customer. In the
tourism sector, travel agencies and hotels use virtual reality to market and manage
destinations [30]. These so called “virtual tours™ are often panoramic pictures or
videos that do not allow free navigation. Theme parks are also an increasing market
for VR entertainment. Various theme parks around the globe already offer attractions
that are available via VR and AR technology [18].

These various examples show that VR has actually got very far in increasing the
visual quality of its generated content. In contrast, they also show that the main focus
in VR has been the visual stimuli and that the integration of other sensorial channels
such as haptic feedback or smell is still in its infancy. Nevertheless, VR already gives
many people an immersive experience with a measurable effect on their UX.

2.3 Prototyping

Prototypes of products are simplified representations of design ideas before the final
artefacts are created. The most common usage of a prototype is as a “learning tool”
and can be used at any stage of the design process to find issues and explore new ideas
[13]. Especially for innovative, novel concepts, the creation of prototypes, i.e. proto-
typing, is an important prerequisite for the evaluation of user experiences. Already
in the early phases of product development, assessments of the success potential of a
product idea can be obtained. Insights into promising and less promising ideas as well
as possible technical realizations help to reduce development risks and thus costs.
In addition to their use in evaluation, prototypes also serve to demonstrate design
decisions and possible design alternatives. Thus, prototyping offers great potential
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from a company’s point of view and is a major activity in product development
[15]. Prototypes do not need to be perfect. They range from low-fidelity drawings to
high-fidelity models at several levels, all designed to communicate and explore the
quality and the design of the product [13]. Prototypes modelled with virtual reality
technology can be seen as experience prototyping [10]. It describes the simulation of
a product experience through involvement of the consumer. As in other prototyping
approaches, the focus is also on the question of how a product idea plays out on the
experience level, whereby usability aspects and questions of interaction design can
also be examined [15].

3 Considerations for the Study Design

In order to compare the perceived user experience of real products and virtual
representations, a comparable test set-up was created in reality and in VR.

3.1 Virtual Environment

It was important for this test to achieve a natural and comfortable interaction for
the user, especially if the participant has limited or no previous experience with VR
technology. The virtual environment was designed to create a high level of immersion
for the user. Therefore, the virtual room was built similar to the real office in which
the participants were located while using the VR devices. The VR setup used in this
experiment was the HTC VIVE Headset [39] and the associated controllers. The
virtual environment was created with the Unity Game Engine [34]. After all objects
and products had been modeled with Blender [6] and Fusion 360 [4], they were
imported into Unity to create the virtual set-up.

3.2 Products

As already mentioned, the product test contained three different products that are
independent from each other. The choice for the three products was based on the
following parameters: The objects should be part of the same environment, the inter-
actions should be just physical, the level of interaction should be different from low
to higher complexity and the objects should not be already known by the participants.
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Fig. 1 Screenshot of the
lamp in VR

The selected objects where part of a new lab-inventory which was introduced months
after this study:

Lamp

The first object is an interactive lamp created and designed at a university. It can be
moved upwards and downwards by grabbing and dragging the lamp in the desired
direction. The light can be activated as well as deactivated via the black motion sensor
on one of the sides. In addition, the LED light bars can be rotated in 360°. It is the
object with the highest grade of interactive complexity (Figs. 1 and 2).

Convertible Table

The second product is a convertible table that can be used either as a standing table
or as a normal desk. To change its purpose, the table just has to be turned over its
wheel axis (Figs. 3 and 4).

Miura Barstool
The third product is a barstool designed by Konstantin Grcic. It is the object with the
lowest functionality and intractability (Figs. 5 and 6).

Testing Room

For the testing we chose an office room inside the university. The choice was made
because the three objects are used for agile work in office context. Additionally, the
whole setup enabled a rational and undisturbed testing process with the experience
in one room and the questionnaire taking place in the next one.

The main reason that the VR-twin of the room was designed as similar as possible
to the real one was to have as few side effects on the VR-participants’ experience as
possible when they used the VR-Headset; it should feel as if there was no change in
their situation (Figs. 7 and 8).
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Fig. 2 Photo of the lamp

Fig. 3 Screenshot of the
table in VR
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Fig. 4 Photo of the table

Fig. 5 Screenshot of the
barstool in VR
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Fig. 6 Photo of the barstool

Fig. 7 Screenshot of the
testing room in VR

3.3 Questionnaire

The research methodology of this survey questionnaire has a mainly quantitative
focus, but also contains some qualitative questions [ 1, 24]. The first page of the survey
has been created to collect the necessary demographic data of the participants. The
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Fig. 8 Photo of the testing
room

participants were asked to provide information about their gender, age, profession
and annual income.

It is common practice to evaluate the user experience of interactive products via
questionnaires. The User Experience Questionnaire (UEQ) [27] and the AttrakDiff
2 [20] are two of the most used tools to evaluate interactive products by question-
naires. Both constructions rely on the theoretical framework of user experience that
distinguishes between pragmatic quality, hedonic quality and perceived attractive-
ness of a product. Furthermore, both questionnaires use a format of a seven-stage
scale with two opposite adjectives on each end. A remarkable difference between
both questionnaires is the selection of word pairs. The AttrakDiff 2 questionnaire
has proven to be a strong and reliable source of measurement of perceived awareness
of products as well as for user experience measurement with a strong background in
research [2, 23, 32], and for that reason we selected it to evaluate pragmatic quality,
hedonic quality and perceived attractiveness.

For each product, the AttrakDiff 2 questionnaire [20] was used to measure the
perceived awareness of hedonic quality—identification, hedonic quality—stimula-
tion, attractiveness as well as the perceived pragmatic quality. The questionnaire has
proven to be a strong and reliable source of measurement of perceived awareness of
products as well as for user experience measurement [2, 23, 32].

The questionnaire consists of twenty-eight 7-point adjective pairs. The word pairs
represent strong contrasts and can be subdivided into further rating levels. In addition
to the AttrakDiff 2, the participants were asked to rate on a 5-point scale how likely
it was that they would buy the product for themselves, or recommend it to friends
or colleagues. Furthermore, two qualitative questions were asked at the end of each
product evaluation. The participants were tasked to indicate a fair price for each
product and state what they liked and disliked about the objects.

For the virtual reality evaluation, two additional pages were added to the question-
naire to rate the VR-application, the devices and the general attitude of the participant
towards VR and new technologies. Thus, the first page contained questions about the
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user acceptance of the virtual reality technology used in the product test. The Tech-
nology Acceptance Model [14] was used for this task and included questions about
perceived ease of use [14, 36], perceived usefulness [25], attitude towards using the
technology [37] and the behavioral intention to use it [37].

The second page therefore contained questions about the attitude towards new
technologies, the intention to use and buy VR technology and the general usage of
existing VR technology.

4 Method

The test was conducted as a participatory and summative evaluation in the rooms of
the University of Applied Sciences Neu-Ulm. In VR we tested 33 (average age 23;
15 male, 18 female) and in the real environment we tested 31 (average age 24; 15
male, 16 female) students of the University of Applied Sciences Neu-Ulm. The target
group was deliberately chosen homogeneously in order to exclude as many target
group-specific disruptive factors as possible. All participants tested out the same
three products and evaluated them afterwards. Pre-test instructions were similar for
every participant in the VR test as well as the real product experience. Therefore, a
guideline was created that contained all the important indications for the students. At
the start of the experiment, everyone was told that they were participating in a product
test and would be asked to evaluate three products afterwards via a questionnaire.

In order to learn about all the functions of each product, the participants were
introduced to a scenario and had to carry out specific tasks for each object (four
tasks for the lamp, four tasks for the table and two tasks for the barstool) that were
described in the scenario.

In addition, the VR students were taught how to grab and move objects within
the virtual environment (Fig. 9). In order to create the same prerequisite for every

Fig. 9 Screenshot of the
teaching exercise
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participant, an additional exercise was created to teach the user how to grab and
control objects inside the virtual world. The users were tasked to sort colored balls
into the according bowls. After achieving that, the instruction test was disabled and
access to the three products was activated to the user.

The users were instructed to take as much time as necessary for each product as
they had to evaluate the usability as well as their impression of each product after-
wards. It was also mentioned that they were completely safe within the experience
and could not do anything wrong inside the room. After the users experienced all
the products, they were asked if they thought that they have seen enough of every
product to evaluate it, otherwise they could look at a specific product again. After
every participant had mentioned that they had seen enough, the product test was
finished and they were asked to evaluate their product experience. The participants
were taken to another room to rate the three products via the associated question-
naire. They were tasked to answer the questions spontaneously without thinking too
much about it.

5 Results

To verify the reliability of the AttrakDiff2 subscales, Cronbach’s Alpha was calcu-
lated for the four subscales for every product. Usually, an Alpha-Coefficient of >0.7
is considered a good indicator for the reliability of a scale. In our case, every resulting
value of each product is above this threshold and therefore we can derive that the
four subscales of the Attrakdiff2 questionnaire show a high reliability for our data.

5.1 Lamp

Figure 10 highlights the mean scores of the lamp for the four subscales pragmatic
quality (PQ), hedonic quality—identification (HQI), hedonic quality—stimulation
(HQS) and attractiveness (ATT). Analyzing the results by means of t-tests shows
only slight and insignificant differences between the real and the VR outcomes. In the
pragmatic quality, the real product is ranked slightly better than the VR counterpart
(MReal = 4.6; SDReat = 0.85; Myr = 4.5, SDyr = 0.80; t = —0.259; p = 0.800).
In the hedonic quality identification (HQI), the virtual reality object was perceived
slightly better than the real product (Mgea) = 5.1; SDReq = 0.4; Myr = 5.3, SDyr =
0.7)t = 0.7, p = 0.5. This applies also to the hedonic quality stimulation (Mgea =
5.5; SDRrea = 0.5; Mygr = 5.7, SDyg = 0.6) t = 0.4, p = 0.7, and also to the overall
attractiveness of the products (Mgey = 5.3; SDreat = 0.3; Myr = 5.4, SDyg = 0.3)
t = 1.1, p = 0.3. Figure 9 shows the extended profile of word pairs with the mean
values for both scenarios.

The balanced user experience of the lamp in both scenarios is also reflected in
the intention to buy or recommend the product. 58% of the VR participants were
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Fig. 10 Mean values for the Mean Values — Barstool
lamp (PQ—pragmatic

quality; HQ-I and 7

HQ-S—hedonic quality
individual and stimulation;
ATT—attractiveness)

N

B Real PQ:47 HQ-I: 4.4 HO-S:43 ATT 46

| VR PQ: 5.2 HQ-I: 5.1 HQ-S: 48 ATT: 5.2

likely to buy the product to a fair price, whereas 53% that participated in the test of
the real product answered with the same outcome. In addition, 58% (VR) and 63%
(real) were likely or extremely likely to recommend the product.

However, the individual feedback of the lamp pointed out differences in the aware-
ness of the product. The positive aspects of the object were similar in both cases. The
participants rated the lamp as modern, futuristic and innovative. They enjoyed the
form and style of the object and liked the rotatable LED lights. The negative aspects
varied in both scenarios though. Regarding the real-life object, attendees complained
about the sound that appears when the object was adjusted in height. Furthermore,
several students thought it was cumbersome that the sensor of the light was difficult
to find when the lamp was in a higher position. On the other hand, participants of the
VR object mostly pointed out that it could be sometimes difficult to grab the LED
lights with the controller, especially when the object was moving/turning.

5.2 Convertible Table

Figure 12 highlights the mean scores of the convertible table for the four subscales.
Similar to the lamp, an analysis of both outcomes shows no significant difference
between both versions of the table. In the pragmatic quality, the real product is ranked
slightly worse than the VR counterpart (Mgeas = 5.3; SDRreal = 0.9; Myr = 5.4, SDyr
=0.9)t=0.09, p =0.9. In the hedonic quality identification, both objects are ranked
equally (Mgeas = 4.4; SDReat = 0.4; Myr = 4.4, SDygr = 0.5) t = 0.05, p = 0.9.
This applies also to the attractiveness (Mgeas = 4.4; SDRea = 0.5; Myr = 4.4, SDyr
=0.4) t = 0.0, p = 1. In the hedonic quality stimulation, the real object is ranked
slightly better (Mrear = 4.0; SDreat = 0.4; Myr = 3.8, SDygr = 03)t = —-1.2,p
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= 0.2. Figure 11 shows the extended profile of word pairs with the mean values for
both scenarios (Fig. 12).

Results of the Attrakdiff2 questionnaire — Luminaire

B Real ® VR

technical - human i%
complicated - simple \I\

impractical - practical
cumbersome - straightforward
unpredictable - predictable
confusing - clearly structured
unruly - manageable D

isolating - connecting
unprofessional - professional
tacky - stylish

cheap - premium

alienating - integrating

separates me - brings me close

unpresentable - presentable &
conventional - inventive
unimaginative - creative
cautious - bold
conservative - innovative
dull - captivating
l’i

undemanding - challenging
ordinary - novel
unpleasant - pleasant

ugly - attractive
disagreeable - likeable

rejecting - inviting

ATT

bad - good

repelling - appealing

discouraging - motivating

Fig. 11 Results of the Attrakdiff2 for the lamp (PQ—pragmatic quality; HQ-I and HQ-S—hedonic
quality individual and stimulation; AT T—attractiveness)
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Fig. 12 Mean values for the Mean Values — Convertible Table
table (PQ—pragmatic

quality; HQ-I and 7

HQ-S—hedonic quality
individual and stimulation;
ATT—attractiveness)

B Real PQ: 53 HQ-1: 4.4 HO-5: 4 ATT: 4.4

m VR PQ: 54 HQ-1: 4.4 HO-5:38 ATT: 44

Similar to the lamp, the balanced awareness of the table is also reflected in the
intention to buy or recommend the product in both scenarios. 15% of the VR partic-
ipants are likely to buy the product for a fair price, whereas 23% that participated in
the real-life product test answered with the same outcome. Furthermore, 30% (VR)
and 33% (real) are likely or extremely likely to recommend the product.

The individual feedback this time, in contrast to the feedback about the lamp,
points out that the participants perceived the product similarly in VR as well as
in real life. Positive aspects about the product were that it is practical, simple and
extremely space saving. On the other hand, the attendees mostly criticized the cold
design of the object and mentioned that it was not aesthetic enough.

5.3 Miura Barstool

Figure 14 highlights the mean scores of the barstool for the four subscales. In contrast
to the other two objects, the results of the barstool show significant differences
between the two scenarios in the scales HQI and ATT. In the pragmatic quality, the
VR product achieved a higher score than the real object (Mgey = 4.7; SDgear = 0.5;
Mygr = 5.2, SDyr = 0.6; t = 1.6; p = 0.1). This applies also to the hedonic quality
identification (Mgey = 4.4; SDRreat = 0.3; Myr = 5.1, SDyr = 04;t =34;p =
0.005), and also to the hedonic quality stimulation (Mgea) = 4.3; SDReat = 0.4; Myr
=4.8, SDyr = 0.6; t = 1.8; p = 0.09), Finally, the VR product also achieved a much
higher score in the attractiveness (Mgey = 4.6; SDreat = 0.3; Myr = 5.2, SDygr =
0.2; t=3.7; p = 0.003). Figure 13 shows the extended profile of word pairs with the
mean values for the barstool (Figs. 14 and 15).
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Results of the Attrakdiff2 questionnaire — Convertible Table

B Real ® VR
technical - human nm_ |
complicated - simple
impractical - practical
cumbersome - straightforward
unpredictable - predictable
confusing - clearly structured
unruly - manageable
isolating - connecting
unprofessional - professional
tacky - stylish

]

cheap - premium
alienating - integrating
separates me - brings me close
unpresentable - presentable
conventional - inventive
unimaginative - creative
cautious - bold

conservative - innovative >
dull - captivating
undemanding - challenging
ordinary - novel
unpleasant - pleasant

.iz

ugly - attractive

disagreeable - likeable

ATT

rejecting - inviting
bad - good

repelling - appealing

discouraging - motivating

Fig. 13 Results of the Attrakdiff2 for the table (PQ—pragmatic quality; HQ-I and HQ-S—hedonic
quality individual and stimulation; ATT—attractiveness)
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Fig. 14 Mean values for the Mean Values — Barstool
barstool (PQ—pragmatic

quality; HQ-I and 7

HQ-S—hedonic quality
individual and stimulation;
ATT—attractiveness)

RN

B Real PQ:47 HQ-1:44 HQ-5:43 ATT: 46

| VR PQ: 5.2 HQ-1: 5.1 HQ-S: 48 ATT: 5.2

The VR favored awareness of the barstool is also reflected in the intention to
recommend and buy the product. 51% of the VR participants were likely to buy the
product at a fair price, whereas only 20% that participated in the real product test
answered with the same outcome. In addition, 42% (VR) and 23% (real) were likely
or extremely likely to recommend the product.

The individual feedback showed several differences between the two tests. The
virtual object was described as an uncomplicated object with an attractive design.
Almost no negative aspects were mentioned for the product in VR, only some students
mentioned that it might look a bit uncomfortable but it was hard to assess. The
perception of the real product was more focused on the comfort of sitting on the
barstool instead of the design. While a few participants still mentioned that it looks
quite aesthetic, many criticized the material and judged the shaky way the barstool
behaved.

6 Conclusion

A first result of the study is that there is no significant difference in the evaluated
experience of the lamp and the convertible table in virtual reality compared to the
real-life objects. Both products were rated nearly the same (maximal difference 0.2)
in the scales of pragmatic quality, hedonic quality identification, hedonic quality
stimulation and attractiveness. Qualitative feedback of the table has, in fact, shown
that the participants liked and criticized the same aspects of the product in both
scenarios.

On the other hand, the evaluation of the lamp, which is a more complex and inter-
active product, demonstrated that the users valued the object in both representations
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Results of the Attrakdiff2 questionnaire — Barstool

¥ Real " VR

technical - human

complicated - simple

v

impractical - practical
cumbersome - straightforward
unpredictable - predictable
confusing - clearly structured

unruly - manageable

A

isolating - connecting

unprofessional - professional
tacky - stylish

cheap - premium

alienating - integrating

separates me - brings me close
unpresentable - presentable
conventional - inventive
unimaginative - creative
cautious - bold

conservative - innovative

dull - captivating

undemanding - challenging <

ordinary - novel

unpleasant - pleasant
ugly - attractive

disagreeable - likeable

/i

ATT

rejecting - inviting
bad - good [

repelling - appealing

~

discouraging - motivating

Fig. 15 Results of the Attrakdiff2 for the barstool (PQ—pragmatic quality; HQ-I and HQ-S—
hedonic quality individual and stimulation; ATT—attractiveness)
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nearly the same, but criticized different aspects in both cases. While the hover-
function to enable the light was the only possibility in VR to activate it, it was not
seen as a problem. However, participants of the real-world test found it cumbersome
to activate it when the sensor was outside the range of vision.

A second finding is that the barstool was evaluated better in VR compared to
the real counterpart in all four subscales (minimum difference 0.4; maximum differ-
ence 0.7). Furthermore, the results showed significant differences in the scales of
attractiveness and hedonic quality identification. The qualitative individual feedback
reflects the stated outcome. While most of the VR participants only pointed out the
positive aspects of the barstool, students who tested out the real object criticized the
material and described it as uncomfortable and shaky.

The positive results of the technology acceptance model can be an indicator that the
VR technology and the associated product test in VR did not influence the perception
of the products in a negative way. On the other hand, the virtual reality application
did not seem to cause unusual side effects that would influence the students to rate
products better in VR as there are no significant differences in two of the three
products.

These results give a first glimpse of the possibilities VR can offer designers for
virtualization of certain steps in a development process. It can be stated that the
evaluation of these product representations in VR led to a comparable UX with the
real products when they had a comparable set of features and interactions in both
spaces, even though the fidelity of the virtual space differed.

7 Limitations and Further Research

In order to provide an immersive experience, one of the chosen limitations of the
study was that participants experienced all three products at once and evaluated them
afterwards. In this set-up participants have to remember which object felt which way.
Even though the testing time for all products was short and the order was randomized,
through the post hoc evaluation participants might have rated all products more
similarly because the experience that they remembered was mixed.

It might also be argued whether the obtained results would have been different
if the VR device were more immersive than the current setup. The current grabbing
mechanics are via the VIVE controller. Newer and more immersive technology like
VR haptic gloves could achieve a more natural and therefore more immersive way of
interacting with the objects in virtual reality. Thus, it would be interesting to increase
the fidelity of the VR application. The current set-up was built by one person with
a limited amount of resources in VR. The whole experience could be even more
immersive with a team of VR experts and the necessary budget.

Another factor that should be investigated in future studies is varying target groups.
In both cases, only students participated in the product tests. The average age was 23
(VR) and 24 (real) which does not represent the majority of the general population.
It might be argued that the results could have been completely different with an
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older average age. As a result of testing only students, the average annual income
was in the bracket between 0€ and 5000€. This could affect the answer whether the
participant would be likely to buy the product.

Even though the study could show certain design aspects that could be simulated
with digital VR prototyping tools, an additional question would be what design
aspects still need a real prototype to evaluate the UX, especially since the results of
the barstool evaluation pointed towards a difference in perceived functional qualities
for objects where some of their interactions cannot be simulated in VR.

The results of this study show the potential for product prototyping and evalua-
tion in VR, but there is a need for further research to exactly identify the product
parameters which lead to comparable UX-evaluations in VR.

References

1. Agee J (2009) Developing qualitative research questions: a reflective process. Int J Qual Stud
Educ 22(4):431-447

2. Albrecht U-V, Folta-Schoofs K, Behrends M, Von Jan U (2013) Effects of mobile augmented
reality learning compared to textbook learning on medical students: randomized controlled
pilot study. J Med Internet Res 15(8)

3. Alex H (2017) Mark Zuckerberg reveals that Facebook paid more than we thought
for Oculus VR. https://www.businessinsider.de/facebook-actually-paid-3-billion-for-oculus-
vr-2017-17r=US&IR=T. Accessed 27.03.2019

4. Autodesk (2019) Fusion 360 free 3D CAD/CAM design software for students, educators,
and academic institutions. https://www.autodesk.com/products/fusion-360/students-teachers-
educators. Accessed 14.03.2019

5. Barnes S (2016) Understanding virtual reality in marketing: nature, implications and potential

6. Blender (2019) Open Source 3D creation. Free to use for any purpose, forever. https://www.
blender.org/. Accessed 14.03.2019

7. Blythe M, Hassenzahl M, Law E, Vermeeren A (2007) An analysis framework for user
experience (UX) studies: a green paper. Towards a UX Manifesto 1 (140):6

8. Boothroyd G, Dewhurst P (1987) Product design for assembly. Boothroyd Dewhurst Incorpo-
rated

9. Bruno F, Muzzupappa M (2010) Product interface design: a participatory approach based on
virtual reality. Int J Hum Comput Stud 68(5):254-269

10. Buchenau M, Suri JF Experience prototyping. In: Proceedings of the 3rd conference on
designing interactive systems: processes, practices, methods, and techniques, 2000. ACM,
pp 424-433

11. Choi S, Jung K, Noh SD (2015) Virtual reality applications in manufacturing industries: past
research, present findings, and future directions. Concurr Eng 23(1):40—63. https://doi.org/10.
1177/1063293x14568814

12. Chryssolouris G, Mavrikios D, Fragos D, Karabatsou V (2000) A virtual reality-based exper-
imentation environment for the verification of human-related factors in assembly processes.
Robot Comput-Integr Manuf 16(4):267-276

13. Coughlan P, Suri JF, Canales K (2007) Prototypes as (design) tools for behavioral and organi-
zational change: a design-based approach to help organizations change work behaviors. J Appl
Behav Sci 43(1):122-134

14. Davis FD, Bagozzi RP, Warshaw PR (1989) User acceptance of computer technology: a
comparison of two theoretical models. Manage Sci 35(8):982-1003

15. Diefenbach S (2017) Psychologie in der nutzerzentrierten Produktgestaltung. Springer, Berlin


https://www.businessinsider.de/facebook-actually-paid-3-billion-for-oculus-vr-2017-1%3Fr%3DUS%26IR%3DT
https://www.autodesk.com/products/fusion-360/students-teachers-educators
https://www.blender.org/
https://doi.org/10.1177/1063293x14568814

User Experience of Real and Virtual Products: a Comparison ... 125

16.

17.
18.
19.

20.

21.
22.

23.

24.
25.
26.
217.

28.

29.

30.
. Rutgers-Online (2014) Virtual reality: changing the way marketers are conducting. http://onl

32.
33.
34.
35.
36.
37.

38.

39.

40.

Fleming M (2018) How virtual reality is helping brands overhaul the shopping experi-
ence. Marketing Week. https://www.marketingweek.com/2018/06/27/virtual-reality-enhance-
shopper-experience/. Accessed 14.03.2019

Framestore (2019) Volvo reality. https://www.framestore.com/work/volvo-reality. Accessed
14.03.2019

Guttentag DA (2010) Virtual reality: applications and implications for tourism. Tour Manage
31(5):637-651

Hassenzahl M (2018) The thing and I: understanding the relationship between user and product.
In: Funology 2. Springer, pp 301-313

Hassenzahl M, Burmester M, Koller F (2003) AttrakDiff: Ein Fragebogen zur Messung
wahrgenommener hedonischer und pragmatischer Qualitit. In: Mensch & Computer 2003.
Springer, pp 187-196

Honda P (2019) Proctor Honda virtual test drive. https://www.proctorhonda.com/ff-honda-vir
tual-reality-test-drive-tallahassee-fl. Accessed 14.03.2019

IKEA (2019) Virtual reality—into the magic. https://www.ikea.com/ms/en_US/this-is-ikea/
ikea-highlights/Virtual-reality/index.html. Accessed 14.03.2019

Israel JH, Wiese E, Mateescu M, Zollner C, Stark R (2009) Investigating three-dimensional
sketching for early conceptual design—results from expert discussions and user studies.
Comput Graph 33(4):462-473

Jick TD (1979) Mixing qualitative and quantitative methods: triangulation in action. Adm Sci
Q 24(4):602-611

Karahanna E, Agarwal R, Angst CM (2006) Reconceptualizing compatibility beliefs in
technology acceptance research. MIS Q 781-804

Labs LsI (2019) New ways to start home improvement projects. http://www.lowesinnovation
labs.com/visualization. Accessed 14.03 2019

Laugwitz B, Held T, Schrepp M Construction and evaluation of a user experience questionnaire.
In: Symposium of the Austrian HCI and Usability Engineering Group, 2008. Springer, pp 63-76
Merel T (2016) Augmented And Virtual Reality To Hit $150 Billion, Disrupting
Mobile By 2020. https://techcrunch.com/2015/04/06/augmented-and-virtual-reality-to-hit-
150-billion-by-2020/?guccounter=1. Accessed 01/02/2019

Nissan (2019) Tech Drive 360 VR. https://www.nissanusa.com/experience-nissan/news-and-
events/nissan-intelligent-mobility-360-vr-experience/. Accessed 14.03.2019

Prideaux B (2002) The tourist as a metaphor of the social world. The Cybertourist 1(6):317

ine.rutgers.edu/resources/infographics/virtualreality/. Accessed 10.12.2018

Schrepp M, Held T, Laugwitz B (2006) The influence of hedonic quality on the attractiveness
of user interfaces of business management software. Interact Comput 18(5):1055-1069

Seth A, Vance JM, Oliver JH (2011) Virtual reality for assembly methods prototyping: a review.
Virtual Reality 15(1):5-20

Unity (2018) Real-time solutions. Endless opportunities. https://unity.com. Accessed
14.03.2019

Unreal (2018) Make something unreal. https://www.unrealengine.com/en-US/what-is-unreal-
engine-4. Accessed 14.03.2018

Venkatesh V (2000) Determinants of perceived ease of use: integrating control, intrinsic
motivation, and emotion into the technology acceptance model. Inf Syst Res 11(4):342-365
Venkatesh V, Morris MG, Davis GB, Davis FD (2003) User acceptance of information
technology: toward a unified view. MIS Q 425-478

Villani D, Repetto C, Cipresso P, Riva G (2012) May I experience more presence in doing the
same thing in virtual reality than in reality? An answer from a simulated job interview. Interact
Comput 24(4):265-272

Vive (2019) A VIVEPORT subscription is the best way to experience over 330 VR APPS and
games. https://www.vive.com/eu/product/. Accessed 14.03.2019

Zaid S (2016) The very real growth of virtual reality. https://www2.deloitte.com/bh/en/pages/
about-deloitte/articles/treading-water/the-very-real-growth-of-virtual-reality.html. ~Accessed
01/02/2019


https://www.marketingweek.com/2018/06/27/virtual-reality-enhance-shopper-experience/
https://www.framestore.com/work/volvo-reality
https://www.proctorhonda.com/ff-honda-virtual-reality-test-drive-tallahassee-fl
https://www.ikea.com/ms/en_US/this-is-ikea/ikea-highlights/Virtual-reality/index.html
http://www.lowesinnovationlabs.com/visualization
https://techcrunch.com/2015/04/06/augmented-and-virtual-reality-to-hit-150-billion-by-2020/%3Fguccounter%3D1
https://www.nissanusa.com/experience-nissan/news-and-events/nissan-intelligent-mobility-360-vr-experience/
http://online.rutgers.edu/resources/infographics/virtualreality/
https://unity.com
https://www.unrealengine.com/en-US/what-is-unreal-engine-4
https://www.vive.com/eu/product/
https://www2.deloitte.com/bh/en/pages/about-deloitte/articles/treading-water/the-very-real-growth-of-virtual-reality.html

	 User Experience of Real and Virtual Products: a Comparison of Perceived Product Qualities
	1 Introduction
	2 Background
	2.1 User Experience, Hedonic and Pragmatic Quality
	2.2 Virtual Reality
	2.3 Prototyping

	3 Considerations for the Study Design
	3.1 Virtual Environment
	3.2 Products
	3.3 Questionnaire

	4 Method
	5 Results
	5.1 Lamp
	5.2 Convertible Table
	5.3 Miura Barstool

	6 Conclusion
	7 Limitations and Further Research
	References




