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Abstract: Nowadays, the presentation of products through virtual reality and other online media
coexists with traditional means. However, while some products may be perceived correctly in digital
media, others may need physical contact. In this scenario, this work analyses how presenting a
product highlighted for its haptic properties and the presence or absence of physical contact during
the presentation can influence the perception of its attributes and stimulate purchase intention. To
this end, an experiment was designed in which each participant viewed and interacted with a chair
presented in five different means that elicited a greater or lesser sense of presence. Participants
evaluated the product’s attributes on a semantic scale with bipolar pairs. No relation was found
between the presentation means and users’ purchase intention. However, results showed significant
differences in the evaluation of some physical characteristics depending on the presentation means,
and the product was generally more liked when presented in means in which it could be touched.
We conclude that choosing means that allow a product to be touched and elicit a greater sense of
presence may impact more positively on evaluations of haptic features when presenting a product
with high haptic importance.
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1. Introduction

As e-commerece is rapidly rising [1,2], many sellers are opting to present their products
by online digital means to make themselves known to bigger audiences and to reach more
potential customers. Unlike traditional sales channels, these means take the product to
users without them having to travel to physical stores. This gradual change in paradigm
has recently accelerated in many countries with the COVID-19 pandemic, which has led
many consumers to prefer online shopping [3-5]. Evidently, this makes the presentation of
online products an extremely interesting theme for designers, dealers, and consumers.

However, while some products may be perceived correctly in entirely digital media,
others may not be without physical contact, due to their inherent natures. In this scenario,
it is necessary to deepen the knowledge of how the way of presenting these products and
the presence or absence of direct physical touch can influence the perception of some of
their attributes.

This work aims to determine which attributes of a product that stands out for its haptic
properties may be perceived differently depending on the means used in its presentation.
This will be performed by comparing the presentation of a product in five means: two
allowed it to be touched (real setting and virtual reality with passive haptics) and three did
not (virtual reality, non-interactive 3D animation, and interactive 3D image). This work
also aims to study whether this perception can negatively affect product liking and if the
means used to present the product may influence purchase intention.
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The results of this study may help designers and e-commerce sellers know which
means may be the most suitable for presenting certain products so that the perception of
some meaningful attributes is not biased.

1.1. State of the Research Field and Research Hypotheses

Of all the presentation formats that are becoming interesting for presenting online
products, there are interactive images, where users are able to intuitively turn a 3D image
of a product to look at it from different viewpoints [6]; pre-recorded videos, which offer
a product’s animation [7]; and virtual reality (VR), which can offer users experiences by
interacting with the product in a more immersive setting [8] and can even improve the
shopping experience [9,10].

Several works have confirmed the interest shown in recent years in investigating
VR in e-commerce and product presentation. For instance, Agost et al. [11] analyzed the
influence of using virtual reality, augmented reality, and 360° display technologies on
the perception of different aspects of products and on the overall shopping experience,
comparing them with static 2D rendered images. Peukert et al. [12] studied the influence of
being immersed in a VR setting on users’ intention to use the shopping environment again.
Su et al. [13] pointed out the importance of designing suitable user interfaces and user
experiences to ensure that a VR setting applied to e-commerce is efficient by contemplating
five themes: screen, operation and prompts, safety and experience of use, system functions,
and transactions. Luna-Nevarez and McGovern [14] investigated the role that immersion,
enjoyment, trust, and VR self-efficacy play in consumers’ purchase intention in the virtual
commerce (v-commerce) setting, and pointed out the role played by processing fluency,
need for touch, propensity to trust, and gender in attitudes to these e-commerce platforms.
Martinez-Navarro et al. [15] investigated the efficiency of using different VR formats and
devices in a virtual store setting by analyzing the relations that link the sense of presence,
remembering a brand, and purchase intention by demonstrating the advantages of e-
commerce over physical stores to generate positive consumer responses, as well as the
positive impact that head-mounted displays (HMD) have on users’ purchase intention.

However, a recent review of 22 studies pointed out some limitations of VR in assessing
user experience due to the lack of perceived realism and sensory feedback [16]. In this
regard, none of the aforementioned visual presentation means offer the possibility of
physically touching a real product, which limits product feedback to visual information
only. This implies that the way some product properties are perceived can be affected,
which could influence users’ opinions. On material objects that stand out for their haptic
properties, i.e., products with a high propensity to be touched during normal use (high
haptic importance), some works have found that not being able to access haptic information
can frustrate users [17,18]. This can be explained by the need for touch for the product
(NFT), i.e., preference for the extraction and utilization of information obtained through the
haptic system [19], regardless of it involving searches for useful information (instrumental
touch) or purely hedonic information (autotelic touch).

Although some techniques may help simulate tangible properties in VR [20-22], they
sometimes require expensive or complex tools and devices. However, by using passive
haptics, i.e., the use of physical elements (proxies) capable of providing information to
users through their shape [23], VR is able to bridge this gap in a simpler way. This can
offer users a more complete product experience by allowing them to access information
that might be relevant, such as temperature when touching materials, surface textures, or
weight. Being able to touch a product sample during its presentation in physical stores,
showrooms, or during the prototype evaluation stage of product design permits users
to form a more correct opinion about its quality [24,25], which could increase their trust
in the product. This means that users would be allowed to access multisensory (visual
and haptic) information if a product is presented by VR systems with passive haptics, i.e.,
with a physical sample of the product, which could facilitate evaluation [26-28]. This can
positively impact consumer attitudes towards the product [29].
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Given the importance of accessing relevant product information to make coherent
evaluations and that some products with high haptic importance need to be touched to be
better understood, it is necessary to test to what extent some of the current presentation
means can distort the perception of some attributes. Thus, for our study, we can establish
the first three hypotheses:

H1: Evaluations of the product’s characteristics are influenced by the presentation means.
H2: The presentation means allowing a product to be touched or not influence the evaluation
of the physical characteristics of material products with high haptic importance.

o  HB3: A material product with great haptic importance is most liked when it is presented by
means that allow it to be touched.

When we talk about presenting products by means of multisensory stimuli (visual + haptic)
in immersive VR settings, it is worth mentioning the theme of the sense of presence. Sense
of presence has often been defined, and in various forms [30], as a user’s sense of “being
there” [31], i.e., a feeling of being transported to a virtual setting. Several researchers have
developed well-known questionnaires to measure it [32-34], and some have concluded that
coherently adding multisensorial stimuli to a VR application (e.g., visual and haptic stimuli) can
influence the sense of presence [35-37].

Some works have found that not being able to access haptic information can nega-
tively impact the purchase intention of products with a high haptic importance [38], and
demonstrated that users would prefer to touch and try them before buying them [39].
Some studies suggest that providing the possibility to touch the product and, thus, access
multisensory information can even increase customers’ purchase intention [40-42]. Others
suggest that simply imagining touching a product also increases purchase intention [43],
supporting the importance of tactile sensations.

Given the positive influence that combining visual and haptic stimuli can have on
users’ product evaluations and purchase intentions, we can think that those means capable
of eliciting a greater sense of presence can, therefore, favor product evaluations. Therefore,
to corroborate the level of presence that the presentation means used in this study can elicit,
and its possible relation to more positive product evaluations and purchase intention, we
propose the following hypotheses:

o  H4: Adding haptic stimuli to a product as a means of increasing users’ sense of presence.

e H5: The presenting of a product by means capable of eliciting more presence can favor better
product evaluations.

o Heé6: The purchase intention of a material product with high haptic importance is greater when
it is presented in a means that allows physical contact.

1.2. Main Aim of the Work and Principal Conclusions

Bearing in mind the questions set out above, the main objective of this work is to
determine which attributes of a product that stands out for its haptic properties can be
perceived differently depending on the means used in its presentation. This may help
designers and e-commerce sellers to choose the most suitable means for presenting certain
products so that the perception of some meaningful attributes is not biased.

Our study found that users who participated in the experiment seemed to perceive
a greater sense of presence in those means that combined haptic and visual stimuli. The
results showed, firstly, that physical characteristics related to comfort and weight were
differently perceived depending on how the product was presented and, secondly, that
the product was generally more liked when it was presented in means by which it could
be touched. Therefore, although limited by the scope of this study; it is possible to argue
that those means that allow touch and elicit a greater sense of presence might have a more
positive impact on evaluations of haptic characteristics when presenting a material product
with high haptic relevance.
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2. Materials and Methods
2.1. Experimental Study

The experiment conducted for this research received the formal approval of the ethics
committee named the Comision Deontolégica of the Universitat Jaume I institution, with
the approval code CD/102/2021.

In order to check our hypotheses, an experiment was designed in which each partici-
pant viewed and interacted with the same product, which was presented by five different
means: real setting (R), virtual reality (VR), virtual reality with passive haptics (VRPH),
non-interactive 3D animation in a looped video (V), and 360-degree rotatable image or
interactive 3D image (3Di). Two allowed the product to be touched (R, VRPH), and three
did not (VR, V, 3Di). The order of viewing sequence was alternated to balance any possible
resulting effects.

A chair was selected for the present study for two reasons: it is a usual product
found in the domestic habitat and is, thus, known by users; and it presents enough formal
characteristics for users to evaluate different aspects. To help users pay attention only to
the product, it was placed in the middle of an empty white-walled room. The scene was
prepared in five different presentation means, each inside a room (Figure 1).

Figure 1. The five rooms used during the experiment.

1.  Room 1 (R). A square set was built with white panels that simulated the walls of a
room, and the real chair stood in the middle. White light was vertically projected
onto the chair from the ceiling. Each panel measured 2.60 m long, except for one that
measured only 2 m to leave an opening so that participants could enter and leave the
setting. All the white panels were 2 m high. The participants could move around the
chair, touch it, and sit on it.

2. Room 2 (VR). The chair and Room 1 setting were modelled and rendered with the
same details, textures, and lighting. It was presented in VR. The participants could
move around the chair, but not touch it or sit on it because there was no physical chair
in this room.

3. Room 3 (VRPH). The scene was the same as in Room 2 and was presented in VR, but
a physical chair was added by synchronizing its position with the viewed 3D model
so that the participants could touch the chair and sit on it. For a correct use of passive
haptics in VR, two criteria must be met: similarity between haptic proxies and virtual
objects in both material and geometrical properties, and co-location, i.e., both must
share the same position and alignment [44,45].

4. Room 4 (V). The same scene was rendered on a tablet screen. The chair and the
scene automatically turned at constant speed in relation to the vertical axis that
passed through the center of the chair. The scene took 12 s to turn 360 degrees. The
participants could watch the animation, but could not interact with it.

5. Room 5 (3Di). The same scene rendered in Room 4 was created and presented on
another tactile screen with the same characteristics. In this case, the participants could
touch the screen and slide their fingers to the right or left, turning the scene around
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the vertical axis that passed through the center of the chair. This allowed them to view
the chair from multiple angles.

2.2. Semantic Differential

To evaluate the product presented in different means, we used the semantic differential
method, which is commonly used to assess how products are perceived [46,47]. This
method is used to measure the connotative meaning of words, concepts, or products.
It involves presenting subjects with a series of bipolar adjective scales, such as good-
bad or active—passive, and asking them to place a mark on the scale that reflects their
evaluation of the concept being studied. We obtained the semantic pairs by selecting
the most usual adjectives employed to describe a product, which were collected from
related commercial websites, regular product users, and professional product designers,
following the methodology described by [48]. To avoid making the chair evaluation
process too long or tedious, and after checking that a large number of bipolar pairs for
obtaining relevant product information was not necessary [47-49], only the 12 most usual
adjectives were selected to form bipolar pairs. Three belonged to each pleasure category
according to Tiger, namely, Physio-pleasure, Psycho-pleasure, Socio-pleasure, and Ideo-
pleasure [50], to evaluate the product on several dimensions. This selection of adjectives
belonging to Tiger’s categories helps to evaluate the product in a very comprehensive way
by providing representative information on the various aspects that define it. According
to the recommendations of Al-Hindawe [51], a 7-interval scale was used to evaluate each
bipolar pair (Table 1).

Table 1. Bipolar pairs used to evaluate the chair on a 7-interval scale.

Categories Adjective Interval Scale Adjective (Opposite)
Comfortable -3 -2 -1 0 1 2 3 Uncomfortable
Physio Heavy -3 -2 -1 0 1 2 3 Light
Resistant -3 -2 -1 0 1 2 3 Fragile
Useless -3 -2 -1 0 1 2 3 Practical
Psycho Simple -3 -2 -1 0 1 2 3 Complex
Versatile -3 -2 -1 0 1 2 3 Invariable
Classic -3 -2 -1 0 1 2 3 Modern
Socio Nice -3 -2 -1 0 1 2 3 Ugly
Overelaborate -3 -2 -1 0 1 2 3 Minimalist
Tasteful -3 -2 -1 0 1 2 3 Tasteless
Ideo Industrial -3 -2 -1 0 1 2 3 Handmade
Fun -3 -2 -1 0 1 2 3 Boring

2.3. Stimulus

All the scenes created in Rooms 1 to 5 offered the same characteristics and presented
the same product to be evaluated: the Odger chair from Ikea. The scenes in Rooms 2 to 5
were modelled and rendered by imitating the characteristics of the shapes, sizes, colors,
textures, and lighting of the real scene in Room 1 (Figure 2) and were prepared with Unity
2019.2.8f1. To view the scenes in Rooms 2 and 3, an Oculus Rift VR headset and two
position sensors were employed. To view the scenes in Rooms 4 and 5, two Galaxy Tab A
2019 tablets (2 GB RAM) were utilized with resolutions of 1920 x 1200. The screen size was
10.1 inches.

2.4. Sampling

We conducted an a priori power analysis with G*Power 3.1.9.7 [52], assuming an ANOVA
with repeated measures within factors with the following input parameters: effect size: 0.25,
o =0.05, (1-p) = 0.85, 1 group, 5 measurements, correlation among repeated measures = 0.5,
and nonsphericity correction = 1. G*Power proposed a total sample size of 23.
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PHASE A

Figure 2. Chair and floor modelling, lighting and texture details (in Rooms 2 to 5).

Considering that the data we obtained in similar experiments did not present normality
in previous works, instead of applying a 15% increase over the calculated sample size for
Friedman test, as recommended by Williamson [53], a 30% increase was applied to ensure
that the power of 0.85 was achieved. That means that a minimum sample size of 30 was
required. To reach that number, a total of 39 volunteers were initially recruited. Only
33 finished the whole experiment, and then 3 were discarded as they were considered
outliers. The 30 volunteers (18 men, 12 women) were students in some course in Industrial
Design and Product Development Engineering at the Universitat Jaume I of Castellon
(Spain). Their age ranged from 19 to 25 years, with a mean of 21 years (SD = 1.47).

2.5. Experiment Protocol

The experiment was performed in two phases. In Phase A (Figure 3) the participants
worked with Rooms 1, 2, and 3 in alternating orders (1-2-3; 1-3-2; 2-1-3; 2-3-1; 3-1-2; 3-2-1).
Phase B took place 10 months after Phase A. In Phase B (Figure 4), they worked with Rooms
4 and 5, also in alternating orders (4-5; 5-4). At the end, each participant had been in all 5
Rooms. The written protocol helped the researchers to always address the participants in
the same way.

STAGE A1

Welcome
Room

G2

STAGE A2 STAGE A3 STAGE A2 STAGE A3 STAGE A2 STAGE A3
Room 1 N Room 1 N Room 1
s | 7 e [ " es [
Survey : Survey Survey
Room 2 __) Room Room 2 __) Room > Room 2 __, Room N Pir:;:;
G5 || e s || es ||i ]| @3 || es
Room 3 l, Room 3 l ,| Room3
0 3 Waiting 0 3 Waiting 0 3
Room Room
Q10 Q0

Figure 3. Flowchart for the experiment, showing all the stages in Phase A.

PHASE B
STAGE B1 STAGE B2 STAGE B3 STAGE B2 STAGE B3
Room 4 . Room4 |
Welcome [ V] Survey [V Survey
Room | Ly Room ; Ly Room || pi’;‘;:fa
[V I3 ) Room 5 (VI3 Room 5 (VI3
03 | (V)
Waiting
Room
[ VR

Figure 4. Flowchart for the experiment, showing all the stages in Phase B.
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2.5.1. Phase A (Room 1: R, Room 2: VR, Room 3: VRPH)

Stage Al. Welcome room (2 min).

Step 1. The participants were welcomed. They were asked to read and sign an in-
formed consent form prior to participating in the experiment. Then, they were accompanied
to the room where they would view the first of the three scenes.

Stage A2. Room 1, 2 or 3 (3 min in each room). The viewing order was alternated to balance
any possible resulting effects.

Step 2. The participants corresponding to Room 1 entered it directly. Those corre-
sponding to Room 2 or 3 had to put on a VR headset when they entered and were helped
by a research staff member.

Step 3. The researcher informed them that they were about to view a scene with a
chair, and they would have to evaluate its characteristics later with a questionnaire. The
researcher also explained the protocol to them, which varied according to each room: in
all the rooms, the participants could move around the chair and look at it from different
angles. In Rooms 1 and 3, they could also touch and sit on the chair.

Step 4. The participants were allowed to freely look at the chair for 2 min and could
interact with it according to the conditions of each room.

Step 5. The participants in Rooms 2 and 3 removed their headsets when leaving the
scene. The participants in all the rooms were handed a printed questionnaire and were
shown the room wherein they had to go to complete it.

Stage A3. Survey room (5 min).

Step 6. The users sat down and filled in the questionnaire that included three lots of
questions. The first lot included data about the participants’ age, sex, and previous VR
experiences. The second lot included the participants” evaluations of the chair using the 12
bipolar pairs shown in Table 1 and indicated if they were sure about their responses in each
case (“Yes” or “No”). They also had to give an overall assessment of the chair on a scale
between 1 (“I do not like it at all”) and 5 (“I like it very much”). They were asked about
what their intention of purchasing it would be (“Would you buy this chair?”). They had
to answer with one of two options: “Yes” or “No”. The third lot included a questionnaire
adapted from the SUS model [33], in which the expression “office space” was substituted
for “room”.

Step 7. Having completed the questionnaire, each participant was told which room
they had to go to next and waited 10 min before entering the next room.

Step 8. The procedure from Steps 2 to 5 was repeated.

Step 9. The procedure from Steps 6 to 7 was repeated.

Step 10. The procedure from Steps 2 to 5 was repeated.

Step 11. The procedure from Step 6 was repeated, the questionnaire was collected, and
each participant was thanked for collaborating.

2.5.2. Phase B (Room 4: V, Room 5: 3Di)

Stage B1. Welcome room (2 min).

Step 1. The participants were welcomed and accompanied to the room where they
would view the first of the two scenes.

Stage B2. Room 4 or 5 (3 min in each room). The viewing order was alternated to balance
any possible resulting effects.

Step 2. The users had to sit on a chair in front of a table. A tablet was placed in the
middle of the table. A researcher told them that a scene with a chair would be shown on
the tablet, and they would later have to evaluate its characteristics with a questionnaire.
The research also explained the protocol to them: in Room 4, they only viewed the looped
animation, while the participants in Room 5 could interact with the scene by placing their
fingers on the screen to turn it.
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Step 3. The participants viewed the scene for 2 min and interacted with it according to
the conditions of each room.

Step 4. The participants were given a printed questionnaire and were told the room
they had to go to, to complete it.

Stage B3. Survey room (5 min).

Step 5. The same process from Step 6 in Stage A3 was repeated. In this case, answering
the first lot of questions was not necessary because these data were already available.

Step 6. Having completed the questionnaire, each participant was told which room
they had to go to next and waited 10 min before entering the next room.

Step 7. The process from Step 2 to Step 5 was repeated, the questionnaire was collected,
and each participant was thanked for collaborating.

3. Results

The descriptive statistics and box plots for each semantic scale are shown in Table 2
and Figure 5, respectively, while the “I like it” question and presence and their box plots
are presented in Table 3 and Figure 6a (all the statistical calculations were made with SPSS,
ver. 22). Because of the non-normality of samples (verified by a Kolgomorov-Smirnov test),
Friedman'’s test was applied to determine whether there were any statistically significant
differences in the semantic scales scores among the five experimental conditions. The
null hypothesis of Friedman’s test stated that the mean ranks of semantic scales scores in
the five experimental conditions were the same. The Friedman’s test results, presented
in Table 4, revealed that the null hypothesis was confirmed (significance level of 0.05)
on all the semantic scales except for the “SD1 Comfortable-Uncomfortable” and “SD2
Heavy-Light” scales, which are shaded in grey in Table 4.

Table 2. Descriptive statistics for the semantic scales.

Conditions

Semantic Scales R VR VRPH \% 3Di

Mean —1.57 ~1.07 -1.97 —1.60 —1.63

sD1 C"“}fort"’l‘)‘ile‘ Median ~2.00 ~1.00 —2.00 ~2.00 —2.00
Uncomfortable Std. Deviation 1.36 1.20 1.13 0.97 1.10
Mean 0.70 0.87 0.40 1.17 1.27
SD2 Heavy-Light Median 1.00 1.00 1.00 1.50 2.00
Std. Deviation 1.42 1.70 1.52 1.32 1.31

Mean —1.27 —0.80 —1.53 —1.30 —1.27

SD3 Resistant-Fragile Median —1.50 —1.00 —2.00 —1.50 —1.50
Std. Deviation 1.41 1.42 1.25 1.24 1.14
Mean 2.07 1.73 1.80 1.83 1.83
SD4 Useless—Practical Median 2.00 2.00 2.00 2.00 2.00
Std. Deviation 0.74 0.74 1.06 1.09 1.21

Mean -1.93 —2.00 ~1.83 —1.80 —1.63

SD5 Simple-Complex Median —2.00 —2.00 —2.00 —2.00 —2.00
Std. Deviation 1.11 1.17 1.51 1.13 1.40

D6 Mean —0.50 —047 —0.20 —0.20 —0.17

Versatile Invariabl Median —1.00 —1.00 —0,50 -1.0 —1.00
ersatile-Invariable Std. Deviation 157 1.55 1.65 1.58 1.58
Mean 1.60 1.73 1.60 1.47 1.53
SD7 Classic-Modern Median 2.00 2.00 2.00 2.00 2.00
Std. Deviation 1.10 1.05 1.13 1.25 1.04

Mean —~1.10 —127 -1.17 —1.37 —127

SD8 Ugly-Nice Median —2.00 —1.50 —1.50 —2.00 —1.50

Std. Deviation 1.62 1.26 1.39 1.10 1.31
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Table 2. Cont.

Conditions
Semantic Scales R VR VRPH A\ 3Di
Mean 2.47 2.36 2.43 2.17 2.30
SD9 Ornate-Sober Median 3.00 3.00 3.00 2.00 2.00
Std. Deviation 0.68 1.10 0.73 1.21 0.65
Mean —1.20 —1.33 —-1.27 —1.03 —1.07
SD10 Elegant-Vulgar Median —1.50 —1.00 —1.00 —1.00 —1.00
Std. Deviation 1.30 1.24 1.39 1.35 1.34
SD11 Mean —2.27 —-1.93 —2.17 —2.03 —2.30
Industrial-Arti Median —2.50 —2.00 —2.00 —2.00 —2.00
ndustrial-Artisan Std. Deviation 091 1.11 0.99 116 0.65
Mean 0.50 0.33 0.07 0.56 0.80
SD12 Fun-Boring Median 1.00 0.00 0.50 1.00 1.00
Std. Deviation 141 1.30 1.55 1.30 1.35
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Figure 5. Box plots for the semantic scales. Outliers outside 1.5 times the interquartile range above
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are marked with an asterisk.
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Table 3. Descriptive statistics for the “I like it” question, presence, and confidence.

Conditions
S‘;‘z‘:lre‘:“ R VR VRPH v 3Di
Mean 3.70 3.60 3.97 3.63 3.63
I like it (1-5) Median 4.00 4.00 4.00 4.00 4.00
Std. Deviation 0.79 0.62 0.81 0.76 0.76
Mean 3.70 1.87 2.40 0.77 0.60
Presence Median 4.00 1.00 2.50 0.00 0.0
Std. Deviation 1.84 2.10 2.27 1.43 1.13
Mean 0.81 0.78 0.81 0.81 0.79
Confidence Median 0.83 0.75 0.83 0.83 0.75
Std. Deviation 0.10 0.12 0.12 0.12 0.11
. 2123 6 1.0
30 27 N MO
4 - 2 23 087 ? a
4 o
o} 212 27 033 0.6+
24 7 0.4 °2‘
. *6 24 ﬁ ﬁ
1 - 0.2
" L y ) L o T T T T T 85 T T T T T
R VR VRPH V 30 R VR VRPH V  3Di R VR VRPH V  3Di
(@) (b) (c)

Figure 6. Box plot and histogram for the (a) “I like it” question, (b) sense of presence, and (c) con-
fidence. Outliers outside 1.5 times the interquartile range above the upper quartile and below the
lower quartile are represented by an open circle. Extreme outliers are marked with an asterisk.

Table 4. Friedman'’s Test—Grey areas depict statistically significant differences.

Mean Rank
Semantic Scales Friedman’s Test R VR VRPH \'% 3Di
SD1 Comfortable— X2(4) = 17.60
~ 2.85 3.77 235 3.03 3.00
Physio Uncomfortable p =0.001
2 —
SD2 Heavy-Light 20 = 2y 2.75 3.07 242 3.33 343
p=0.024
2 —
SD3 Resistant-Fragile X ;:(4—) o7 288 357 2,67 288 3.00
2 —
SD4 Useless—Practical X 117(4—) a 17400 3.32 2.57 3.03 3.07 3.02
2 —
Psycho SD5 Simple-Complex X p(‘i) e 3.02 2.93 2.90 3.03 3.12
SD6 Versatile— X*(4)=1.73
A P2 078 2.77 2.90 315 3.07 3.12
2 —
SD7 Classic-Modern X ;4_) S 3.05 3.25 3.05 2.85 2.80
2 —
Socio SD8 Ugly—Nice X ;4:) o 905;87 293 3.13 3.08 2.92 293
2 —
SD9 Ornate-Sober X ;4_) s 3.08 3.15 3.13 2.83 2.80
2 —
SD10 Elegant-Vulgar X ]!7(4—) 6 26(')03 297 2.72 2.77 3.33 3.22
sl 2 —
Ideo SDI1 Industrial X°() =326 2.83 322 3.03 3.13 2.78
Artisan p=051
2 —
SD12 Fun-Boring X'(4) =5.91 3.08 2.90 255 311 333

p=021
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In order to follow up Friedman’s test, a pairwise comparison was performed to
determine which pairs of interaction conditions (Real, Virtual Reality, Virtual Reality with
Passive Haptics, and Video and 3D interactive image) significantly differed from one
another. Conover tests were used for the pairwise comparison. The adjusted significance
levels, shown in Table 5, were calculated using Bonferroni correction by multiplying the
unadjusted significance values by the number of comparisons (10) and setting the value to
1 if the product was higher than 1. There were significant differences between the VR vs.
VRPH conditions for the “SD1 Comfortable-Uncomfortable” scale and the VRPH vs. 3Di
conditions for the “SD2 Heavy-Light” scale.

Table 5. Adjusted significance levels for the SD1 and SD2 pairwise comparisons. Grey areas denote
statistically significant differences.

SD1 Comfortable— SD2 Heavy-
Uncomfortable Light
Pair R Mean t Stat. Sig. Adj. Sig. R Mean t Stat. Sig. Adj. Sig.
R-VR 0.92 2.85 0.01 0.052 0.32 0.92 0.36 1.00
R-VRPH 0.50 1.55 0.12 1.00 0.33 0.97 0.33 1.00
R-V 0.18 0.57 0.57 1.00 0.58 1.70 0.09 091
R-3Di 0.15 0.47 0.64 1.00 0.68 1.99 0.05 0.48
VR-VRPH 1.42 4.40 0.00 0.00 0.65 1.90 0.06 0.60
VR-V 0.73 2.28 0.02 0.25 0.27 0.78 0.44 1.00
VR-3Di 0.77 2.38 0.02 0.19 0.37 1.07 0.29 1.00
VRPH-V 0.68 2.12 0.04 0.36 0.92 2.68 0.01 0.09
VRPH-3Di 0.65 2.02 0.05 0.46 1.02 297 0.00 0.04
V-3Di 0.03 0.10 0.92 1.00 0.10 0.29 0.77 1.00
Regarding evaluation with the “I like it” question, the descriptive statistics and box
plots are shown in Table 3 and Figure 6a. There was a statistically significant difference
between the experimental conditions when Friedman'’s test was applied: X?(4) = 10.13,
p = 0.038. Conover post hoc tests were used for the pairwise comparison and showed a
significant difference between the VR vs. VRPH conditions. The adjusted significance
levels, found in Table 6, were calculated by Bonferroni correction.
Table 6. Adjusted significance levels for the “I like it” question, sense of presence, and pairwise
comparisons. Grey areas depict statistically significant differences.
I Like It Presence
Pair R Mean t Stat. Sig. Adj. Sig. R Mean t Stat. Sig. Adj. Sig.
R-VR 0.27 0.95 0.35 1.00 1.10 3.60 0.00 0.00
R-VRPH 0.60 2.13 0.04 0.35 0.87 2.84 0.01 0.053
R-V 0.07 0.24 0.81 1.00 1.95 6.39 0.00 0.00
R-3Di 0.02 0.06 0.95 1.00 2.00 6.55 0.00 0.00
VR-VRPH 0.87 3.08 0.00 0.03 0.23 0.76 0.45 1.00
VR-V 0.20 0.71 0.48 1.00 0.85 2.78 0.01 0.06
VR-3Di 0.25 0.89 0.38 1.00 0.90 2.95 0.00 0.04
VRPH-V 0.67 2.37 0.02 0.19 1.08 3.55 0.00 0.01
VRPH-3Di 0.62 2.19 0.03 0.30 1.13 3.71 0.00 0.00
V-3Di 0.05 0.18 0.86 1.00 0.05 0.16 0.87 1.00

Regarding the sense of presence, the descriptive statistics and box plot are shown in
Table 3 and Figure 6b. A statistically significant difference appeared between the experimen-
tal conditions when Friedman'’s test was applied: X?(4) = 40.59, p < 0.001. Conover post hoc
tests were used for the pairwise comparison and showed a significant difference between
the Rvs. VR, Rvs. V, R vs. 3Di, VR vs. 3Di, VRPH vs. V, and VRPH vs. 3Di conditions. The
adjusted significance levels in Table 6 were calculated by Bonferroni correction.
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Regarding the confidence on the response, the descriptive statistics and box plot are
shown in Table 3 and Figure 6¢. No statistically significant difference was found between
the experimental conditions after applying Friedman'’s test: X?(4) = 45.62, p = 0.23.

4. Discussion

Friedman'’s test showed that statistically significant differences appeared in the evalu-
ations made for the semantic differential scales SDI (Comfortable-Uncomfortable) and SD2
(Heavy-Light). This revealed that the comfort and weight characteristics can be perceived
differently depending on the means selected to present the product. Thus, we can state
that H1 is met. Former works have also concluded that presentation means and differences
in stimuli can have a certain influence on the evaluation of some product characteristics,
which reinforces our thesis. Artacho-Ramirez et al. [54] compared the presentations of
loudspeakers by four different means (photography, static infographic image, 3D navigable
model, 3D navigable stereographic model) and found differences in the evaluations of three
characteristics. Similarly, in [49], Rojas et al. presented bottles using two different visual
stimuli (a real image and a virtually simulated image) and found significant differences in
4 of the 15 tested characteristics.

Our results also revealed that significant differences appeared when comparing two of
the pairs of presentation means: VR vs. VRPH for Comfortable-Uncomfortable and VRPH
vs. 3Di for Heavy-Light. Here, the results indicate that the chair was evaluated as being
more comfortable in VRPH (—1.97) and more uncomfortable in VR (—1.07). The chair was
also evaluated as being heavier in VRPH (0.40) and lighter in 3Di (1.27). These findings
indicate that evaluations of haptic-type qualities (comfort) and physical attributes (weight)
can be distorted if the product is presented by a means that does not allow any physical
contact with it (VR, 3Di). Therefore, we can state that H2 is met.

The results of the “I like it” question indicate statistically significant differences in the
pair VR vs. VRPH. The evaluations showed that the liking of the chair was scored 3.97 in
VRPH and 3.60 in VR. Therefore, we can state that H3 is met. Likewise, other studies have
also highlighted the positive effect that being in physical contact with the product has on
its evaluation, especially in products with characteristics best explored by touch [55,56].

For the participants’ perceived sense of presence (Tables 3 and 6), this study obtained
statistically significant differences in pairs: R (3.70) vs. VR (1.87); R (3.70) vs. V (0.77); R
(3.70) vs. 3Di (0.60); VR (1.87) vs. 3Di (0.60); VRPH (2.40) vs. V (0.77); and VRPH (2.40) vs.
3Di (0.60). These results seem to confirm H4 because presenting a product by combining
haptic and visual stimuli can lead to a greater sense of presence for users. Indeed, the values
obtained in the means VR, V, and 3Di (visual stimuli) were lower than those obtained in R
and VRPH (visual and haptic stimuli).

Following the recommendation of previous works [44,45], for the correct implementa-
tion of passive haptics, both the chromatic and geometric features of the proxy (the Odger
chair) and its position in space were recreated in the VR environment. The intention was
to make the VR scenario convincing for the participants. As already mentioned, the sense
of presence may be greater in means that combine visual and haptic sensations; using
products that stand out for their haptic properties, i.e., products with a high propensity
to be touched during normal use, may even further increase this sensation. Using the a
passive haptics of a chair, which presents a large surface to touch to which the participant
could sit on, could explain the differences in the ratings of the sensation of presence that
occurs between the means described above.

Our result coincides with other recent works: Servotte et al. [57] used an adaptation
of Witmer and Singer’s Presence Questionnaire [32] and concluded that multisensory
congruent cues, such as visual, auditory, and haptic cues, enhance presence; Goncalves
etal. [58] employed a questionnaire about presence, which had been adapted from Schubert,
Friedmann, and Regenbrecht [34] and confirmed that adding and combining passive haptics
with other stimuli in a means can enhance presence. Nonetheless, the explanation of the
results obtained for the pair VR (1.87) vs. 3Di (0.60), where neither of the two means allowed
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the product to be touched, comes over in another direction. One possible explanation for
why the sense of presence in VR means is greater than in 3Di may be because VR allows
more varied interactivity with the scene [59], which users may perceive more profoundly
than with the flat display employed with 3Di [60], and these characteristics could have
contributed to a greater sense of presence in this means.

Thus, once H4 is confirmed, and taking into account, as mentioned above, that the
chair was rated as more comfortable and more liked by the participants in VRPH than in
VR, we can affirm that H5 is also met: presenting a product by means capable of eliciting
more presence could favor better product evaluations.

Finally, as this study was unable to determine if a statistically significant difference
existed in the proportion of participants who intended to purchase the product, we cannot
state that H6 was met. Yet, despite statistically significant differences lacking, the obtained
data showed that the purchase intention for the chair was slightly higher when the product
was presented in haptic means (R: 80%, VRPH: 76.7%) and was somewhat lower when
non-haptic means were employed (V: 70%, 3Di: 70%). An explanation of this result could lie
in the conclusions reached by previous works. Haptic information can positively influence
many users’ purchase decisions [38,40,61,62]. Conversely, not being in physical contact with
the product can lead to frustration for some users, a factor that can negatively affect both
purchase decisions and product evaluations [63], which the results in this work showed
because, as mentioned above, the chair was less liked when presented in VR, a means that
does not allow users to come into physical contact with the product.

5. Conclusions

In summary, our study ran an intrasubject experiment with a sample of 33 young
people who viewed a piece of furniture presented in the middle of a white-walled room
by five different means and in alternating orders to evaluate it on a semantic scale with
12 bipolar pairs. Each participant indicated their purchase intention and evaluated the
sense of presence that they perceived in each mean. The results appear to indicate that
physical characteristics related to comfort and weight were differently perceived depending
on how the product was presented. The product obtained a higher score when presented
in the means that allowed coming into physical contact with the product. We also observed
that the product was generally liked more when presented in VR means that allowed it to
be touched (VRPH) than in the other presentation means. Our results seemed to indicate
that users perceived a greater sense of presence in those means that combined haptic and
visual stimuli, which falls in line with previous works. Finally, our study was unable to
determine that the presentation means significantly influenced users’ purchase intention,
although the latter was slightly higher when the product was presented in those means
allowing physical contact.

Thus, we conclude that when a material product with high haptic importance (in
this case, a chair) is presented, the means that allow it to be touched to elicit a greater
sense of presence may more positively impact evaluations of haptic characteristics such as
comfort and weight. This may explain why, in general, users liked this product more when
presented in these means.

These findings, interpreted with caution, may be useful and could be considered
by retailers when choosing appropriate means of presenting certain products so that the
means distort the perception of the attributes as little as possible. Similarly, they could
guide designers to include VRPH in the presentation and evaluation process of some haptic
products in the prototyping phases, allowing for a more complete user experience.

Nonetheless, this study has two limitations. The first relates to the number of products
evaluated. Although it is normal to include the evaluation of a single product [64—66]
in studies of this type, it would be desirable in the future to compare these results with
those that would be obtained by presenting other furniture products with equivalent haptic
properties, such as other models of chairs, stools, or similar seating products. This would
allow more generalizable conclusions to be drawn. Another limitation is the sample used,
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limited in this case to young people with a very homogeneous academic background. In
this case, the results may not apply to other populations, such as older people or people
with different educational backgrounds. Therefore, they should be treated with caution.

Despite these limitations, this work indicates advances in understanding the role
that physical contact with a product plays in evaluating its characteristics and purchase
intention when the product is presented in different means that elicit a greater or lesser
sense of presence.

Future research directions are to test other products from different categories with a
high propensity to be touched during normal use, such as clothing (gloves or shoes) or
hand tools, to compare the results with those obtained in this study. By measuring the
impact of means that elicit a greater or lesser sense of presence on evaluations of other
haptic features, such as texture or temperature, the results could be generalized or not to
other product categories. Another interesting area for the development of future studies is
the analysis of the impact that active haptic technology, which allows for more dynamic
and realistic tactile interactions, could have on product evaluation.
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