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Abstract: The emergence of new display technologies can change the perception of product design
features and their assessment. Previous studies are limited to comparisons between a few tech-
nologies; the real product is considered only occasionally. This work compares the perceptions of
10 design features in two household products, shown by five display technologies (image rendering,
360◦ rotation, and augmented, immersive, and non-immersive virtual reality), and also with the real
product. Results show that the 360◦ rotation provides the best perception for the most important fea-
tures. However, the perception of aesthetic features is better achieved with i_VR. Other global results
vary depending on the product. Finally, interaction with the real product shows a quite different
perception for many features. The results contribute to the understanding of product perceptions
influenced by different displays, comparing them with perceptions generated through real interaction.
It is expected that the conclusions will be used to optimize the presentation of product features.

Keywords: display technologies; augmented reality; virtual reality; 360◦ rotation; product feature
perceptions

1. Introduction

The evolution of new display technologies has modified the product–user interaction.
In recent years, a radical transformation of consumer goods purchase processes has oc-
curred. The great boom in electronic commerce and the COVID-19 pandemic have caused a
change in consumers, who are increasingly searching for and purchasing products through
companies’ websites and other platform retailing webs [1]. This trend is also observed in
other contexts such as the development or assessment of product design making faster and
less costly the changes in their design [2]. In other areas, such as entertainment, product
perceptions are generated through increasingly varied technologies [3,4].

The use of these new technologies entails that the product interaction is not physical,
but rather the information about products is usually shown through other display methods.
Some studies have shown that the type of sensory perception and the level of interaction
with the product influence user perceptions [5,6], which play an important role [7], since the
user final decision will depend on the subjective perceptions generated [8,9]. Therefore, the
environment in which the interaction occurs, considered by Crilly et al. [10] as the channel
in their framework for design as a process of communication, constitutes a fundamental
element for the user’s response.

In this regard, new display technologies study the best way to show product infor-
mation: static images from different angles, zooms, or enlargements to show details are
solutions usually adopted to provide potential clients with as much product information as
possible. A presentation method that is also common is the 360-degree realistic 3D image
system (360◦ rotation). It offers a 360-degree continuous representation of the product,
which can be rotated by the user in any direction to be viewed from any angle. Other
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newer display systems are achieved through augmented reality (AR) and virtual reality
(VR) technologies. It is vital for the information offered by a product to be able to generate
the appropriate subjective impressions in order to offer the user the necessary confidence
and trust to take assessments or purchase decisions.

Augmented reality is an interactive technology that offers the possibility of super-
imposing a virtual layer (consisting of elements such as images or texts) on a physical
environment, in real time. In this way, from a logo or printed code, AR technology allows
virtual images of a product to be displayed in 3D, in the real environment in which it is
intended to be located. It can be applied in very diverse fields, including domains such as
medicine, manufacturing, military, or education, among others [11]. In the field of market-
ing, AR has emerged as one of the most relevant interactive technologies, rapidly increasing
its fields of application [12–14] and the devices that support it, including smartphones,
tablets, projectors, or interactive screens [15]. Therefore, AR is an effective method for
influencing human perception, and the assessment of human perception of virtual things
in AR should be an interesting and important research domain [11].

In VR technology, the user is immersed in a totally virtual environment with which
he/she can interact. Two main categories are considered: immersive and non-immersive
systems [16]. Non-immersive virtual reality (ni_VR) consists in a virtual representation of
an environment, displayed through a monitor [17]. This representation can usually change
in a dynamic way, either automatically or through user instructions introduced by using
the keyboard, touching the screen, etc. In immersive virtual reality (i_VR), the virtual repre-
sentation of the environment is displayed as a realistic experience through head-mounted
displays [18], which provide the user the sensation of being inside the scene. The environ-
ment visualized by the user changes if he/she changes his or her orientation, providing
greater realism to the scene. VR has been applied in many fields, such as medicine [19],
psychology [20], industry [21], or teaching [22]. A recent literature review [23] concluded
that there is a lack of rigorous studies comparing the VR shop and other shopping contexts,
so that VR should be compared with various content display media, such as images or other
web-based 3D interfaces. Additionally, there is a lack of studies that compare immersive
and non-immersive VR in terms of product perceptions [24].

Therefore, despite the existence of some studies on user interaction with the product
in an online context through new display technologies, like the study by Yim and Park [25],
which compares AR technologies versus images, or that by Pleyers and Poncin [26], applied
to non-immersive VR and static photos, literature is scarce on studies that compare various
presentation technologies, with the aim of optimizing the display of the product and the
perception of its features. In this sense, the following hypothesis is proposed:

H1. The perceptions generated about product features may be different, if they come from different
display technologies. These differences in features’ perception among display technologies, may also
depend on the specific product.

In any case, if these differences are studied with the aim of optimizing the presentation
of products, the importance provided to the correct perception of each feature should also
be considered, as all features may not be considered equally important, which leads us to
the next hypothesis:

H2. The importance provided to a proper perception may depend on the specific type of feature to be
perceived. It may also depend on the specific product.

The perceptions achieved from these display technologies are occasionally compared
in the literature with the actual interaction with the product, such as the study by Arbeláez
and Osorio–Gómez [27] on AR, or the review by Berni and Borgianni [28], which is focused
on VR applications. A recent study [29] about the presentation of products through VR
compared cases in which physical contact with the product is offered (real setting and VR
including passive haptics) with other cases in which there is no contact. The study detected



Appl. Sci. 2024, 14, 4470 3 of 20

differences in some features, depending on the technique used. For example, the product (a
chair) was perceived through direct interaction as being significantly lighter than through
VR with haptics, larger than through immersive (headset) and non-immersive VR (screen),
and nicer than through non-immersive VR (screen).

Some of the existing studies that compare various product display technologies are
especially focused on their application as a support tool in early design phases by reviewing
different categories of VR applications in design [28], combining and comparing virtual
and physical prototypes [30], or evaluating the reliability of product display technologies
(such as renderings, AR, and VR) as a tool for product assessment in the early stages of the
product-development process to make the design process faster and more profitable [31].
This last study concludes that certain product features can be emphasized in more im-
mersive media (such as AR or VR), which is useful for both product development and
point-of-sale presentation.

In any case, a lack of a comparative analysis is detected between the perception
achieved through display technologies and that generated with the real interaction with
the product. Therefore, the third hypothesis is established.

H3. The perceptions generated about product features as a consequence of the interaction with
display technologies in an online interaction may be different from those generated in the subsequent
physical product-user interaction phase.

In summary, although the great growth of online contexts for sales and other purposes
has favored the study of the influence of some new display technologies on product
perceptions, these studies usually refer only to one of these technologies, comparing
the perceptions with those obtained through images or renders, or with the impressions
produced in the interaction with the real product. Studies that compare several types of new
display technologies are scarce and often focused on specific aspects, such as assessment
in the initial stages of product design, or the comparison of the effects of using haptics
on perception. There is still a lack of comparative studies that jointly consider various
new display technologies [23,24] in order to generate relevant information that favors
the recommendation of the optimal product presentation system. In the same way that
the space in a physical storefront is limited, the product information displayed through
a web page should be analyzed and selected in each case with the aim of optimizing
user perceptions.

Considering this context, the purpose of this paper is to analyze the influence of five
different display technologies (including virtual and augmented reality applications and
rotation programs) on the perception of a variety of product design features of two different
household products and compare these perceptions with the subsequent perceptions
generated in the physical interaction with the real product. The study is set in an online
context. Some preliminary partial results of the study have been published in [32] and are
analyzed in greater breadth and depth in the present manuscript. The results contribute to
the understanding of the generation of product perceptions caused by different displays,
depending on the technology used and the specific product, and whether or not these
perceptions correspond to reality. It is expected that conclusions will be used to optimize
the presentation of products.

2. Materials and Methods

To analyze the possible differences in the capacity of each technology to transmit prod-
uct features, an experiment was designed in which 77 participants were shown a household
product through different display technologies. Two products and five display methods
were used. Subsequently, they saw the real products. The participants comparatively
assessed whether the perception of 10 (general, detail, functional, and aesthetic) product
features were influenced by the technologies used.
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2.1. Selection of the Subjects

Ninety-six students, aged between 18 and 29 years, in the third year of the Degree in
Engineering in Industrial Design and Product Development were invited to participate,
although complete, valid data were obtained for only 77 participants (36 females, 41 males).
They were selected as they were expected to have experience with the use of new technolo-
gies. Also, due to their studies, especially focused on product design, they were expected
to be able to easily perceive product design features, such as materials, dimensions, shape,
details, etc. All participants signed a written informed consent document. Both the ex-
periment and the informed consent document were approved by the University Ethics
Committee. In the characterization of the sample of participants, gender, age range, and
experience with online purchases and technologies were included.

2.2. Selection of Products and Features

Two common home appliances were considered: a piece of furniture (a sideboard) and
a household accessory (a gooseneck lamp). The objective was to apply the study to products
that are widely known and used by the general public, but with very different features,
such as size, materials, shapes, mode of use, etc., to gather a better representativeness.
Furthermore, the products and their features should be chosen so that they can be shown
through the different display technologies. In addition, they had to be available products
so that participants could interact with them physically. Ten varied design features were
selected for studying their perception: general physical features (dimensions and shape,
weight), detailed physical features (materials, color, finishes, details), functional aspects
(mode of use, reliability, quality), and also the aesthetic and affective dimension (Appeal)
(Table 1).

Table 1. Product design features considered to study their perception, depending on the display
technology used.

Design Features Expression Used in the Form

Dimensions and shape Perception of dimensions and shape
Weight Perception of robustness/lightness
Materials Perception of materials
Color Color perception
Finishes Perception of shine and textures
Details Perception of details and small elements
Mode of use Perception of the mode of use
Reliability Perception of resistance and reliability
Quality Perception of quality
Appeal Perception of attractiveness

2.3. Product Display Technologies and Development of the Websites

A web page was developed with the premise that it should be accessed from a smart-
phone (as the most commonly used device). Five technologies were used to display the
products: image rendering, 360◦ rotation display, augmented reality, non-immersive virtual
reality, and immersive virtual reality.

Nowadays, image rendering is one of the most commonly used methods to display
products. On the website developed for the experiment, a carousel with rendered images
(2D) showed the product (the sideboard or the gooseneck lamp) from different perspectives:
isolated, integrated into an environment, showing some details in a zoomed image, or
showing detailed measures (Figure 1). These images were accompanied by a text offering a
description of the product.
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Figure 1. Rendered images displayed in a carousel along with a written description (translated from
Spanish), on the simulated website. (Top): the sideboard, and (bottom): the gooseneck lamp.

For the 360◦ rotation display (360◦) technique (Figure 2), the product was displayed
on an app (Sketchfab) that allowed simple 3D interaction (rotation, zoom, and opening
drawers and doors in the case of the sideboard). The display was shown together with
instructions on how to rotate, zoom in on details, and view the three-dimensional models
from any angle.

Figure 2. Sketchfab display for the sideboard and the gooseneck lamp.

The same app was used to obtain a virtual representation of the product, this time
displayed on a screen over a real location (AR), revealing “how it would look” in the real
environment for which the product is intended (Figure 3). The orientation of the product
presentation changed (realistically) in accordance with the user’s movements.

Figure 3. Virtual representations to download and visualize for non-immersive (via a mobile/tablet
screen) or immersive (using support glasses) virtual reality.

VR was included on the website through both types of representations: ni_VR and
i_VR. Detailed instructions were provided on how to download an app (VR Media Player)
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so that a virtual representation of the product located in a virtual room (Figure 4) could
be displayed (ni_VR). The orientation of the environment shown on the screen could be
modified by the user by sliding his or her fingers across the screen. In addition, for i_VR,
instructions were provided on how to visualize the scene on a mobile phone, held by a
head-mounted display (glasses) that participants were provided with (Figure 4).

Figure 4. Glasses for i_RV used by the participants.

To avoid the fatigue in the participants that might result from an experiment that was
too long, four different versions of the website were generated, depending on the product
considered and the use of AR or VR. For each product, two versions of the web page were
created: in the first one, the product was shown by means of 2D, 360◦ and AR. In the
other one, the display technologies were 2D, 360◦, and ni_VR and i_VR. To simulate a real
experience of interaction, the participants used their own devices (smartphone, tablet), and
the web pages were developed with the premise that they should be accessible from both
types of devices.

2.4. Procedure

The study consisted of two distinct phases (Figure 5). In the first one, after indicating
their experience with the use of display technologies, the participants browsed through the
randomly assigned web version and interacted with the product through the corresponding
technologies. They later assessed the technology’s capacity to allow users to perceive
product features, and they assessed the importance of each of these perceptions.

Figure 5. Experiment flowchart.

In the second phase, the participants were called individually to see the real prod-
uct and then answer a questionnaire comparing the perceptions generated in this real
interaction with those they had obtained after Phase 1.
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2.4.1. Phase 1: Online Interaction through Display Devices

Through a QR link, the participants accessed the initial form (informed consent and
characterization). To optimize the experience with their smartphone, they were recom-
mended to use it horizontally. The expected amount of time required to complete the task
was approximately 20 min. Once the study conditions had been accepted, the participants
indicated their level of experience with the use of the display technologies by means of a
scale with the following levels: 0 Never; 1 Once or twice; 2 Sometimes; 3 Often; 4 Very often.

Next, the participants were distributed in a random and balanced manner among
the four versions of the simulated website so that they could interact with the products
through the display technologies. The order in which they interacted with the technologies
was not controlled. Participants could have used the technologies in a different order,
although this was not recorded. They were provided instructions on how to interact with
the product using all of them. As already mentioned, 77 individuals participated in the
study after discarding the records of five participants who could not use the AR or the VR
technologies due to technical problems with their mobiles. The distribution of participants
among technologies and products is summarized in Table 2.

Table 2. Distribution of the number of participants in the study, according to the product and the
technologies used.

Technologies

2D + 360◦ + AR 2D + 360◦ + VR

Product Sideboard 19 19
Gooseneck lamp 20 19

TOTAL 39 38

The participants who were assigned immersive virtual reality as a visualization tech-
nology previously received glasses for their smartphone to be able to carry out the experi-
ence, and the rest were provided a backpack as an alternative gift.

After using all the assigned display technologies, the participants were asked to assess
the perception of each product design feature (Table 1) on a comparative basis for each
technology assigned by means of a questionnaire with a five-point scale (“1. Very bad”;
“2. Bad”; “3. Neutral”; “4. Good”; “5. Very good”). They were then asked about the
importance given to correctly perceiving each of the product design features, also using a
five-point scale, from “1 Not important at all” to “5 Very important”.

2.4.2. Phase 2: Face-to-Face Interaction with the Product

In the second phase, the interaction occurred with the actual product (Figure 6).
Each participant individually entered a room where he/she could physically interact
with the same product (without touching it) answered in Phase 1. Next, they answered
a questionnaire to compare the same design features of the real product with respect to
their previous perception (Table 3). Specifically, for each feature, they were asked to assess
whether their perception was the same or different. If they found a different perception, they
were asked to indicate what the difference consisted of. For a more detailed comparison,
the original features, dimensions, shapes, and finishes were divided. The reason is that, in
the comparison between display technologies, the participants rated three or four different
techniques for each perception, so excessive detailing of the perceptions was avoided. So
the overall volume was considered, joining “Dimensions” and “Shape” into a single feature.
Likewise, finishes included the features “Shine” and “Texture,” which were considered
separately in this second phase.
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Figure 6. Photographs of the actual products.

Table 3. Product design features and comparative options after seeing the real product, with respect
to the perceptions generated from display technologies while browsing the website.

Design Features
Comparison Options:

The Real Version, Regarding the Perceptions Obtained through the Display
Technologies, Seems to Me:

Above Below The Same

Dimensions Bigger Smaller The same
Weight Heavier Lighter The same
Color Darker Lighter The same
Shine Brighter More matte The same
Texture Rougher Smoother The same
Reliability More reliable Less reliable The same
Quality Higher quality Lower quality The same
Appeal More attractive Less attractive The same

The same Different

Shape The same Different
Materials The same Different
Details The same Different
Mode of use The same Different

2.5. Analysis of Results

The statistical analyses were performed with IBM SPSS statistical software (v23 for
Windows). Descriptive statistics were analyzed, which allowed conclusions to be drawn
about the best- and worst-valued technologies in the perception of different design features
and about the importance provided to each of these perceptions.

The data from the questionnaires could not be considered to follow a normal distribu-
tion, based on the Kolmogorov–Smirnov test. Therefore, to check whether there are any
statistically significant differences between technologies, non-parametric Friedman tests
(non-parametric repeated measures) were applied. The ratings on the perception achieved
for each product feature were considered as dependent variables. The display technology
was considered as the independent variable. As half of the participants used AR and
the other half used VR, the analysis compared 2D, 360◦, and AR technologies for half of
the sample, and for the other half the technologies compared were 2D, 360◦, ni_VR, and
i_VR (note that ni_VR and i_VR have been treated as two different technologies). Pairwise
comparisons for the technologies were performed within each group, and significance
values were adjusted using the Bonferroni correction for multiple tests. An a priori power
analysis was performed (Wilcoxon signed-rank test for matched pairs), considering a power
of 80%, error probability α of 0.05, and an effect size of 0.5 (mean difference of 0.5 and SD
of difference = 1) as input parameters. The analysis, established for two tails, showed a
total sample size of 35 participants.
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Moreover, as the participants that used AR and VR were different, the independent-
samples Mann–Whitney U test was applied to identify possible differences between per-
ceptions for AR and ni_VR, and for AR and i_VR.

To verify possible differences in perception importance and ratings, depending on the
product type, independent-sample Mann–Whitney U tests were also applied, considering
the perception importance or the perception rating for each technology as dependent
variables, and the type of product as the independent one.

Results from the comparison between the perceptions generated by the real product
features and those produced through the interaction with the display technologies (Table 3)
were described and represented by means of bar charts. To study differences between
them, crosstabs (Chi-square coefficient) were applied for the perceptions, depending on the
technologies used.

3. Results
3.1. Importance and Perception of Product Design Features

Regarding participants’ experience with the use of display techniques, the most used
was 360◦ rotation. Only 15.6% of participants said they had never used it. Most of them
(36.4%) had used it “Sometimes”, and 26% had used it “Often” or “Very often”. AR and
i_VR were the least-used technologies. Regarding AR, 42.9% said they had never used it,
and only 3.9% said they used it often. In relation to i_VR, 67.5% had never used it, and no
participant declared they used it often. In contrast, ni_VR was often used by 15.6%, and
57.4% said they had used it once, twice, or had never used it.

Table 4 (shaded columns) shows descriptive statistics (mean and standard deviation)
of the importance ratings on the perception of product features. The following columns
show the statistics for the assessment achieved by each technique in the perception of each
design feature. The last row contains the mean values achieved by each technique in the
perception of all the features.

Table 4. Statistics about the importance of perceiving product features and the level of perception
achieved with each technology. The largest mean value in each row is shown in bold and in a green
box, while the smallest one is in italics and in a red box.

Ratings
Importance 2D 360◦ AR ni_VR i_VR
M SD M SD M SD M SD M SD M SD

Dimensions and shape 4.62 0.54 3.81 0.74 3.92 0.84 3.78 1.17 3.63 0.75 3.67 1.12
Weight 3.66 0.86 3.25 0.85 3.48 0.84 3.56 1.00 3.47 0.65 3.61 0.77
Materials 3.96 0.83 3.79 0.91 3.84 0.78 3.56 1.00 3.55 0.72 3.69 0.89
Color 3.77 1.02 4.16 0.81 4.04 0.70 3.83 0.88 3.84 0.75 3.86 0.68
Finishes 3.95 0.79 3.75 0.96 3.79 0.88 3.78 0.87 3.45 0.76 3.50 1.06
Details 3.75 0.83 3.73 0.93 4.04 0.85 3.67 0.93 3.08 1.19 3.22 1.31
Mode of use 4.06 0.93 3.81 1.04 3.82 0.96 3.94 0.92 3.61 0.92 3.86 1.20
Reliability 3.92 0.91 3.23 0.89 3.49 0.75 3.47 0.88 3.34 0.71 3.61 0.87
Quality 4.42 0.65 3.68 0.98 3.71 0.79 3.47 0.84 3.50 0.80 3.69 0.95
Appeal 4.27 0.82 4.09 0.99 3.88 0.95 4.03 0.84 4.11 0.69 4.33 0.76
MEAN 3.73 3.80 3.71 3.56 3.71

According to the participants’ assessment, the most important feature to be perceived
is the dimensions and general shape of the product, with a high consensus (small SD value),
followed by its quality, appeal, and mode of use (all of them with an average importance
rating above 4). However, in these features, the diversity in the opinions increases since the
SD value does the same.

Analyzing the importance provided to perceptions depending on the type of product
used in the study, the results of the Mann–Whitney U test show that a significant difference
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(U = 916.0, p = 0.047) is only seen for the importance of the perception “Quality”, which is
considered more important by the participants who interacted with the gooseneck lamp
(Figure 7).

Figure 7. Importance ratings for perception of product features, by type of product.

Regarding the ratings of the technologies on each feature, the mean rating values range
between 3.08 and 4.33; that is, perceptions are mostly rated between “Neutral” and “Good”.
For some features, the perceptions provided by all the technologies are quite similar (i.e.,
“Quality”, for which the ratings move a total of 0.24 points, around 3.60), while in other
cases, there are more differences between technologies (as in the perception of “Details”,
with a range of almost one point, between ratings slightly above “Neutral” in ni_VR and
i_VR, up to others above “Good” for 360◦). The technology with the best overall perception
of the selected product features is the 360◦ rotation, while ni_VR is the technology with
the worst general assessment, although the difference is not very high. The rest of the
technologies have reached very similar mean ratings.

The Friedman test for related samples indicated that there are significant differences in
the perception of weight (Chi-square (3) = 13.939, p = 0.003) and in the perception of details
(Chi-square (3) = 10.588, p = 0.014). The post-hoc analysis showed that the weight was
better perceived using i_VR than using 2D (p = 0.021), while details were better perceived
using 360◦ rotation than with the use of ni_VR (p = 0.032).

On applying the Mann–Whitney U test, a significant difference in the perception of
details was detected between AR and ni_VR (U = 505.0, p = 0.044), while no differences
were detected between AR and i_VR.

Figure 8 shows the mean rating for each feature and technology against mean impor-
tance. Each vertical line represents a design feature, and the technologies are represented
by the colored lines.

Figure 9 shows the mean ratings for each perception and technology, differentiat-
ing by type of product. Significant differences were found between the type of product
(Mann–Whitney U tests) in the perception achieved by the following technologies: for
2D, differences were found between both products in the perception of colors (U = 936.5,
p = 0.031), Details (U = 946.5, p = 0.028) and Quality (U = 937.0, p = 0.037). In all three
cases, the perception in the gooseneck lamp is considered better. For 360◦, the mode of
use of the sideboard is perceived significantly better than that of the gooseneck lamp
(U = 402.0, p < 0.001). In the case of ni_VR, the materials (U = 111.0, p = 0.043), finishes
(U = 96.5, p = 0.013), and details (U = 111.5, p = 0.043) are perceived significantly better for
the sideboard. In i_VR, in addition, the materials (U = 80.5, p = 0.009), finishes (U = 74.0,
p = 0.005), details (U = 60.0, p = 0.001), reliability (U = 94.5, p = 0.031), and appeal (U = 96.0,
p = 0.037) are better perceived for the sideboard. No significant difference was detected
between the two products in the perception of features using AR.
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Figure 8. Mean ratings for the perception of each feature with each technology against mean
importance of their perception. The level of importance of each feature perception is represented
on the X axis. For each feature, the ratings of the technologies are arranged on the Y axis. The
initials of the technologies with a gray background indicate significant differences detected between
technologies, according to the Friedman test for related samples. W: Weight; DT: Details; C: Color;
R: Reliability; F: Finishes; M: Materials; U: Mode of use; A: Appeal; Q: Quality; DS: Dimensions
and shape.

It should be noted that, when distinguishing between products, the smaller sample
size is expected to prevent the identification of more significant differences, especially in
the case of technologies that have not been used by all the participants (AR, i_VR, ni_VR),
but differences were still observed.

3.2. Comparison with the Actual Product

Most features are perceived differently in the real product (Figure 10) than with the
technologies used. Only “Shape” and “Mode of Use” present a low percentage (<25%)
with no difference in perception. Differences in features such as dimensions, weight, shine,
texture, reliability, or quality should be highlighted, with more than 50% of cases with
a different perception, while in one case it was over 80% (dimensions with VR). On the
contrary, “Shape” and “Mode of Use” are the features with the least differences detected
between the real product and the technologies.

For some features, differences between AR and VR are observed. For example, the
perception of “Materials” and “Appeal” seems more similar to the real one through VR
than through AR technology. In contrast, in the case of the perception of quality, the
proportion of VR users who indicate a different perception is higher than for AR users.
In any case, it should be noted that the difference with AR users seems to be mainly due
to those VR users who believe that the quality of the real product is below that of the
previous perception. Significant differences were detected using crosstabs in the perception
of the real product quality, with respect to that previously perceived through the display
technologies, depending on whether AR or VR had been used (Pearson Chi-Square χ2 (2,
N = 77) = 6.596; p = 0.037). In the case of color, VR users also appreciate more differences,
this time mostly in the sense that the actual product has a darker color.
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Figure 9. Mean ratings for each perception and technology by type of product. Significant differences
are marked with a red ellipse.
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Figure 10. Percentage of participants that perceived the real product differently than through
technologies. See Table 3, for the meaning of “Above” and “Below” for each feature.

On analyzing the results by product (Figure 11), it is remarkable that, in the case of the
sideboard, no difference was detected in the perception of shape between the real product
and that perceived through the technologies. The most notable difference between the two
types of technology is the perception of “Shine” for the gooseneck lamp; while VR users
detect a very high percentage of differences, AR users barely identify them. Regarding
differences between the products, the perception of the materials stands out, with more
differences detected, by both AR and VR users, for the gooseneck lamp, while, in contrast,
many more differences were found in the case of the sideboard for “Color”. Furthermore,
in this case, the VR users mostly perceive the real product as darker, while the AR users
perceive it as darker and lighter.

Figure 11. Percentage of participants who perceived the real product differently than through the
technologies, separating by product. See Table 3 for the meaning of “Above” and “Below” for
each feature.

4. Discussion

This study aims to contribute to the understanding of product perceptions generated
by different display methods (including AR and VR technology) and compare them with
those produced in real interaction. Some results presented in [32] are now expanded to
consider ten product features instead of five, including i_VR as a new technology, and
studying aspects not considered there, such as the importance of the perception of each
design feature or the comparison with perceptions in interaction with the real product. Two
everyday products with different design features were chosen. This breadth in the study
has allowed us to obtain new results, which are discussed in the following.

The technologies with which the participants indicate they have less experience are
AR and i_VR. The perception of the product design features, globally, is scored in a similar
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way for all the technologies, with ratings between 3.56 and 3.80. Although there is not a
big difference, the 360◦ rotation technology stands out with the highest rating, while the
ni_VR technology is the worst valued. Rendered images AR and i_VR have scored similarly
overall. Considering that a rating scale of 1 to 5 was used, the mean ratings obtained are
only slightly above the central neutral value. Therefore, the general assessment of the
perception is not rated very well. Moreover, it does not seem to be related to the current
degree of development of the technologies, since display methods with different levels
of development (such as 360◦ rotation or VR) were rated in a similar way. Although at
a global level, the statement “The perceptions generated about product features may be
different, if they come from different display technologies” from hypothesis H1 does not
seem to be verified. Breaking down by features, some more differences can be observed in
the ratings, although not in all of them; it depends on the specific perception considered.

Additionally, the assessment of the importance of the perception of the features allows
for a more complete analysis of the results. In general, all feature perceptions are considered
important, since the importance ratings are close to 4 or higher (especially for “Appeal”,
“Quality”, and Dimensions and Shape). The features related to general physical aspects
(Dimensions and Shape and Weight) have the most extreme importance scores, with the
first considered as the most important, and the second the least. Detail features do not reach
scores higher than 4, so they are generally considered less important than those related to
functionality, which are more distributed, with “Quality” being the most notable. Finally,
the feature on attractiveness, “Appeal”, also stands out as the third-most important.

Although, as it has been said, the features have been valued in general as important,
these perceptions do not seem to be properly displayed by technologies, since ratings
sometimes have values that barely exceed the average value, as in the case of “Weight”
or “Reliability” (with ratings close to 3.5). Even so, significant differences were detected
for two perceptions considered least important. For the “Weight” perception, a difference
was detected between i_VR (considered the best perception) and rendered images (rated as
the worst one). The biggest differences between technologies occur in the perception of
“Details”, where a significant difference was detected between the 360◦ rotation, which was
the best value for perceiving details, and ni_VR, which was the worst one.

The perception of “Appeal” also shows varied ratings based on the technologies,
although for this specific case, the 360◦ rotation becomes the worst-valued one, while i_VR
is the best considered. However, if we focus on the two perceptions best valued in terms of
importance, “Quality and “Dimensions and Shape”, the best-rated display technology is
360◦ in both cases.

It should be noted that the study sample was chosen considering that the answers
are matched pairs. Therefore, the power is lower in the case of comparisons between AR
and (ni_ and i_)VR technologies, since only half of the sample assessed them. However,
the perception of Mode of Use (Table 4) is the only case for which the maximum and
minimum values correspond to AR and VR, with a difference between means of 0.33 points;
that is, it is less than our effect size of 0.5. Therefore, even with the analysis by matched
pairs, significant differences still might not have been found. It is therefore concluded that,
although there is not enough power for comparisons between AR and VR technologies,
they would not have been detected with the general power of the study. In the case of
“Appeal”, where the difference between the ratings of the technologies stands out, no
significant difference was detected between the extreme ratings (i_VR and 360◦), and it had
the maximum power of the study.

Thus, overall, the 360◦ rotation technology stands out among the technologies studied,
as it is well accepted as allowing the best perception of some of the most important features
considered. Among these, there are general physical features of the product (“Dimensions
and Shape”), detailed physical features (“Materials”, “Finishes”, and “Details”), and func-
tional features (“Quality”). Therefore, it is an appropriate technique to achieve an adequate
general perception of the product displayed. However, users already have some experience
with this technology, which should be considered because it could have influenced the
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results. In addition, it must be noted that it is not very suitable for the perception of
aesthetic features (Appeal), so if this perception has a special relevance in the product–user
interaction, the use of i_VR is recommended, instead of the 360◦ rotation.

However, these overall results suffer some variations if the assessments are analyzed
according to the type of product. In the case of the sideboard features, it can be seen that
the perceptions obtained through i_VR achieve the highest rating in 7 of the 10 features
considered, including two of the three most important perceptions: appeal, as in the general
case, and also the perception of quality, which in the global case was better valued through
a 360◦ rotation. The most important perception, “Dimensions and Shape”, continues
to obtain a higher rating in 360◦ rotation, as well as “Color”, “Details”, and “Mode of
Use” (although in this perception, the rating of the i_VR is very similar). Seven out of
the 10 features analyzed, including “Quality”, “Reliability”, and “Appeal”, are the worst
perceived through rendered images for the sideboard. AR obtained the lowest rating in
the perceptions of four features, including the most important, “Dimensions and Shape”.
In the case of the gooseneck lamp, the opposite occurs, and many of the highest ratings
are obtained by rendered images. This occurs in six features, including the three most
important (“Dimensions and Shape”, “Quality”, and “Appeal”), while VR (mainly ni_VR)
often has the lowest ratings. This does not happen in the perception of “Appeal”. Following
the previous results, this perception is well valued. For the perception of the details, a
greater difference between ratings of the technologies is observed for the gooseneck lamp
than in the case of the sideboard, probably because it is a smaller product with a greater
number of small elements. AR scores the best on perception for four features, including
“Dimensions and Shape” (tied with rendered images) and “Finishes”, features for which
AR scores lowest on the sideboard.

Significant differences between products were detected for both types of VR in the
ratings of “Materials”, “Finishes”, and “Details”, and for i_VR in “Reliability” and “Appeal”.
Moreover, significant differences for renderings were also detected in “Color”, “Details”,
and “Quality”, and for 360◦ for “Mode of Use”. These differences, which corroborate the
second statement of the Hypothesis H1, were observed despite the low power (since only
half of the sample was answered for each product), so it can be presumed that many more
differences would appear between products with a complete sample.

Despite the differences found in the perception of features depending on the display
technology, it is notable that the relative importance of these perceptions hardly varies
based on the type of product shown; only “Quality” was rated as slightly more important
for the gooseneck lamp than for the sideboard. Consequently, the second statement of
Hypothesis H2 cannot be verified.

These results show the importance of choosing the display technology based on the
features to be highlighted, and that the suitability of the technologies when it comes to
perceiving particular product features also depends on the type of product displayed.
While for a large product, such as a sideboard, the i_VR is the one that obtains the highest
ratings and rendered images often come last, in the case of a smaller product, such as a
gooseneck lamp, perception through renders is better assessed. This is a remarkable result,
as many of the studies carried out to date about the influence of display technology on
perceptions have only considered one type of product, and from the results of this study,
they cannot be generalized to all products.

The interaction with the real product shows that perceptions of features are often
different from those achieved through display technologies, both by AR and VR users. This
relevant result corroborates H3 and should be considered when analyzing the subjective
opinions of the participants about displays’ performance comparison. These differences
are appreciated in a variety of features, relative to general aspects (such as “Dimensions”
and “Weight”), detailed aspects (as in the case of “Shine” and “Texture”) features relative
to product functionality and use (“Reliability” and “Quality”), and also features relative to
aesthetics (“Appeal”).
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The perception considered the most important, “Dimensions and Shape”, is here
separated into two features. Dimensions are perceived differently when interacting with
the real product by most of the participants: more than 60% of AR users, and more than
80% of VR users. In both cases, the proportion is greater among those who perceive the
product to be bigger in reality. However, “Shape” is perceived in a similar way in reality.

In the case of the second-most important perception, “Quality”, something similar to
the case of “Dimensions” happens; most participants detect differences in their perception.
VR users again detect more differences between the real product and the perceptions coming
from the technologies (nearly 80%) than AR users (more than 60%). In addition, this greater
number of differences is mostly in the sense that the quality of the real product is above
the quality perceived through the technologies. The fact that differences in perceptions
between reality and display technologies have been found in a greater proportion for VR
users than for AR users does not agree with the ratings provided to each technology. On
reviewing the comparative ratings of the users between technologies (Table 4), it can be
seen how the perception is better rated through (i_ and ni_)VR than for AR. Therefore,
in this case, it could be deduced that the participants rated VR better in terms of quality
transmission, which does not agree with the results after the second phase of the study.

However, in the case considered as the third-most-important perception, “Appeal”,
it is observed that more than half of VR users find no difference between the perception
in real interaction and that it is achieved through display technologies. On the contrary,
AR users indicate a higher percentage of differences. This result is in accordance with the
high ratings for the perception of “Appeal” through i_VR (and ni_VR, to a lesser extent),
with respect to AR (Table 4, Figure 8). Something similar, although with less strength,
occurs with the perception of “Materials”, for which VR users find fewer differences than
AR users.

It should be highlighted that the most subjective perceptions, “Reliability”, “Quality”,
and “Appeal”, were valued mainly with “Above” (especially for AR), which means that
they are perceived to a greater extent in the real product than through technologies. These
results show the need to study whether the technologies can transmit not only the physical
features of the product design but also those aspects that are more subjective, although
they are probably more related to an attachment to the product.

In short, the differences obtained in the perceptions of the real product, with respect
to those generated from the technologies, indicate that the technologies analyzed in the
study do not seem capable of offering an accuracy comparable to the interaction with the
real product. This accuracy depends on the type of feature, the specific technology and
display model, and the quality of the virtual representations (shape or details should be
correctly replicated by the technologies, while shine or texture could be more dependent
on the quality of the rendering), and it is expected to increase progressively over time.
However, this comparison of the perceptions obtained from the technologies with those
coming directly from the product is essential to be able to contrast the ratings about the
technologies’ capacity to transmit the features of the product.

Moreover, it can be seen that the perceptions obtained by AR and VR users could
vary depending on the type of product. For example, “Dimensions” and “Weight” seem
to be better appreciated (more similarly to reality) by AR users than by VR users in the
case of the gooseneck lamp, while this difference is not as noticeable for the sideboard. The
same goes for the perception of “Shine”, which is much better among AR users than VR
users for the gooseneck lamp, while this difference is not appreciated in the case of the
sideboard. Regarding “Details”, while VR users detected fewer differences than AR users
for the sideboard, the opposite occurs for the gooseneck lamp. AR users indicated that the
real product presents fewer differences with the perception from the technologies. In any
case, to obtain conclusive results, a larger sample size should be adopted.

In conclusion, some results vary depending on the type of product and the feature
considered. Therefore, it is not always possible to establish general guidelines on the best
technologies to transmit certain perceptions. In contrast, some similar results have been
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identified for different cases. Thus, 360◦ is the display technology that has obtained the best
ratings in most of the perceptions studied, so it seems appropriate when looking for general,
not specific use. On the other hand, if the desired perception is specifically “Appeal”, the
results of this study indicate that i_VR is an appropriate technique for its transmission.

Some of the results obtained in this study partially agree with other previous results in
the literature, although some differences in the studies should be considered. For example,
Galán et al. [29] stated that the attractiveness of the product was greater in real interaction
than through ni_VR. In this paper, we have shown that most users did not find differences
in “Appeal” between real and display technologies interactions, although those who did
find them also indicated that the appeal was higher in the real product. In any case, it
should be noted that in this study the perception came not only from ni_VR but from a set
of varied display technologies.

Some other results obtained agree with Galán et al. [29]. In their study, the product (a
chair) was perceived to be larger in a room (real product) than through i_VR and ni_VR.
Similarly, in our study, it was seen that most of the VR users perceived both products
(sideboard and gooseneck lamp) to be bigger in reality than through display technologies.
However, in other cases, the perception depends on the type of product. Thus, while Galán
et al. [29] identified that the chair was perceived as being lighter in a room than by the use
of VR with haptics, the results of this work show that the perception of lightness among
VR users depends on the product.

These results corroborate the fact that the study of perceptions achieved through
display technologies should consider the specific features of the product displayed. In
this sense, this work represents an interesting contribution since previous studies usually
compared perceptions between different models of only one type of product, but not
between different products [29,33–35]. In this research, two well-known products with
really different features were studied, and further research should continue to extend
the comparison of perceptions obtained through display technologies for other types
of products.

Moreover, it is not usual in the literature to use such a wide variety of technologies in
the comparison of product perceptions, including rendered images, 360◦ rotation, AR, i_VR,
and ni_VR. In this regard, it is worth highlighting the work of Palacios Ibañez et al. [34],
which considers photographs or renders, AR, and VR, although it is focused on a single
type of product and is based on an approach that assesses the reliability of these XR tools
for the early stages of product development and assessment.

Another notable contribution of this work is the comparison of the perceptions gener-
ated by the real product with those obtained by means of the technologies. Unlike other
studies in which the perception of the real product is compared with specific technologies,
in this work, the comparison is with the general perception generated by a set of these
technologies. Therefore, it is not possible to distinguish which of the technologies has
caused the previous perceptions about the product or if these were produced as a result of
the use of all of them. However, this fact is not seen as a limitation, but on the contrary, it
tries to reproduce a probably more realistic situation since it is usual for interactions, such
as an online sales environment, to include different display technologies, and for products
to be shown through a combination of images (real or rendered), 360◦ rotation, and at least
one of the XR technologies (AR or VR). Note that the study could reproduce, for instance,
the real context of a purchase: Phase 1 (perceptions through technologies) is conducted
from the smartphone and location chosen by the user, and a few days later, the real product
is shown (Phase 2), which is compared to the idea held by the user.

As a limitation of the study, the results have been obtained for the types of products
considered. Moreover, it should be noted that, by dividing the sample between AR and VR
users, in the comparison between these technologies, only half of the data was available,
while for the analysis of the 2D or 360◦ technologies, it was possible to use the data for the
entire sample. This could have had an influence when finding significant differences in
some perceptions between these AR and VR technologies. However, it has been argued that
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differences between AR and VR ratings would not have met with the power of matched
pairs, since the largest difference found between the mean AR and VR ratings is smaller
than the effect size. Considering two different products also supposes a limitation in the
power when it comes to obtaining results. Lastly, the results obtained may have been
influenced by the degree of development of each technology, as well as the user experience
with each one of them.

5. Conclusions

The use of new product display technologies has changed the environment of user–
product interactions, which can also modify the generated perceptions about design fea-
tures. This study goes further than previous work by analyzing the perception of different
design features of two household products through five different technologies, plus com-
paring them with the real product.

As a strength of the methodology applied, it is worth highlighting the application
of a wide variety of technologies (image rendering, 360◦ rotation display, augmented
reality, and non-immersive, and immersive virtual reality) for the comparison of the
perception achieved in 10 different design features, related to physical and detailed aspects,
functionality, and aesthetics. Furthermore, two usual but very different products have
been used in the study, which is not common in previous studies in the literature. Another
relevant point is the comparison of the perceptions generated by the real product with
those obtained through the set of technologies used while trying to ensure the context was
as real as possible by reproducing the conditions of an online sale for example.

Results from this study have shown that some technologies, especially a 360◦ rotation,
are generally well valued for the perception of different types of features, and, therefore,
seem suitable for use in a wide variety of contexts, while others were rated with a special
focus on certain perceptions. This is the case of immersive virtual reality, which is especially
valued for the perception of product appeal. Furthermore, the perceptions of these features
have also been assessed in terms of importance, which is useful when deciding which
technologies to use in a specific case. “Dimensions and Shape” and “Quality” are considered
the most important perceptions, and in both cases, 360◦ rotation is the technology that is
best valued to achieve them, while non-immersive VR is the worst.

The use of products with well-differentiated features has revealed that results depend,
to a great extent, on the specific product. Thus, for the sideboard, immersive VR stands out
as the best-valued technology in many features, while renders seem to be the worst valued.
In contrast, in the case of the gooseneck lamp, the opposite occurs. Therefore, additional
studies are necessary as future work to continue studying the influence of the product type
on these perceptions.

Finally, it is expected that the development of technologies may vary some results due
to the notable differences detected between some perceptions coming from the real product
and those generated in the context of the website.
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