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Abstract: Display technologies influence user experience, not only through the perception of product
features but also due to their own usage properties. In this work, 12 functional, usable, pleasuring,
and media usage properties were analysed for five display technologies: image rendering, 360◦

rotation, and augmented, immersive, and non-immersive virtual reality. The perception of their
importance and their assessment for the chosen technologies were studied by taking two different
household products. Two variables for studying decision and expectations were also considered.
The results showed that 360◦ rotation was well-valued in various properties, mainly related to
functionality and usability, while the immersive virtual technology stood out in media properties
and also in the most important feature: realism. It was also seen that the results could depend on the
displayed product. These results provide a deeper insight for user experience optimisation because
they complement the information to choose the most appropriate display technology based on the
properties to be prioritised.
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1. Introduction

Society is increasingly addressing relations towards digital contexts. Activities like
shopping, learning, having fun, meeting, etc., are frequently carried out in virtual envi-
ronments. This entails the continued development of new display technologies that allow
users to interact with other people, objects, or environments. The first ones featured, for
example, software platforms to make connections through video-chat or other tools and
resources to manage learning or fun experiences. New technologies for displaying objects
are increasingly being used in utilities like electronic commerce, for assessing product
design in early stages, and in other contexts like entertainment. This is the case of certain
technologies like 360◦ realistic 3D image systems (360◦ rotation) or augmented or virtual
reality devices.

The use of these new technologies involves having to constantly study improvements
in how to display product information. The presentation method by means of realistic 3D
images in 360◦ rotation allows a product to be viewed from any angle because the user
can rotate it in any direction. In an interactive way, augmented reality (AR) technology
enables superimposing a virtual layer composed of elements, such as images or texts, on
real environments [1]. Virtual reality (VR) allows the user to be immersed in a totally
virtual environment. VR systems can be classified into two categories: immersive and non-
immersive systems [2]. Non-immersive VR (ni_VR) encompasses a virtual representation
of an environment displayed on a monitor [3]. In immersive virtual reality (i_VR), the
virtual representation is displayed as a realistic experience by head-mounted displays [4]
and provides the user with the sensation of being inside the environment.

Employing different interaction technologies and tools influences user perceptions
because, as it is well-known, the channel (the interaction environment) is one of the fun-
damental elements of the communication process [5]. Research has been conducted to
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analyse the influence of the type and level of interaction on users’ product perceptions [6,7].
Likewise, several studies have been carried out to analyse the influence of specific display
technologies on the perceptions of product features, comparing product perceptions gener-
ated through the use of one or more technologies or with images or the real product [8–12].
Some studies have focused on more specific aspects, such as including interactions with the
product through haptics [13] or comparing different tools for assessment in early design
stages [14,15]. Agost et al. [16] compare the perceptions of 10 product features for five
display technologies and also to those generated in the interaction with the real product, by
emphasising the importance of selecting the appropriate technology according to product
type and the features to be assessed.

However, the use of new display technologies is not only conditioned by the generation
of perceptions of product features, but also those generated of the usage properties of
technologies, such as a technology’s ability to offer a realistic representation, to visualise
an object from different angles, if it is easy to use, or if it is easily accessible. As Kim
and Rhiu [17] stated, usability evaluation tools can provide deeper insights into the user
experience by helping to identify areas for improvement and ways to make right decisions.

Therefore, in addition to analysing how display technology influences the perception
of product design features, we also propose to examine how the technology’s usage prop-
erties might influence user perceptions and experiences. The research conducted in this
context relates primarily to specific technologies [17,18] or to the overall multimedia envi-
ronment [19,20]. This study aims to examine and compare perceptions about varied usage
properties generated by different display technologies. The main purpose is to enhance the
available information for selecting the best technology to optimize user experience. To do
this, we used two products with distinct characteristics, to assess the potential impact of
the displayed product on the perception of usage properties.

In order to conduct this analysis, it is important to define the usage properties that
are of interest. This can be achieved by reviewing conceptual models and previous
research [21–24]. When considering the various usage properties of display technolo-
gies, the focus should not only be on functionality and usability, but also on emotional
or pleasurable aspects [25], as well as characteristics related to media [23], because the
importance that users attach to usage properties may be influenced by the type of property.

Therefore, the following research questions are raised:

RQ1. Do perceptions depend on the usage properties of the display technology? Do they depend on
the product displayed?

RQ2. Does the type of usage property influence the importance given to it?

RQ3. Does display technology influence decision making and compliance with users’ expectations?

A comparative analysis was conducted about the perceived importance and assess-
ment of twelve usage properties by considering five different product display technologies:
2D, 360◦, AR, ni_VR, and i_VR. The assessed usage properties were selected from previous
works to cover a variety of functional, usable, emotional, and media characteristics. Two
additional variables were taken as indicators of decision and preference.

Some preliminary partial results of the study are published in [26] but are presented in
more breadth and depth in the present manuscript. This study also supplements a previous
work [16], which analysed the influence of display technologies on the perception of product
features so that an overview of the product presentation effect of display technologies on
user interaction could be obtained. This information is interesting in many fields, such
as online showcases and sales webs, tools for early assessments of product design and
development, among others. Section 2 presents previous related work. Section 3 describes
the materials and methods followed to carry out the study. Section 4 presents the results,
which are discussed in Section 5. Finally, Section 6 indicates the main conclusions drawn
from the work.
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2. Related Work
2.1. User Experience: Perceptions in Interaction with New Display Technologies

Extended reality (XR) technology, including AR and VR, has been applied in different
domains, as it presents promising opportunities for transforming commerce, management,
and business education [27], among other areas. Thus, augmented reality, which displays
virtual images of a product in a real environment, has applications in diverse fields such
as manufacturing, learning, medicine, or marketing [1,23,28,29]. In VR technology, the
entire environment with which the user interacts is virtual. VR systems are also applied in
domains such as education, industry, health, or retail, among others [30–35].

This growth of the development of new display devices and systems has caused the
need to analyse their influence on the subjective perceptions generated in the user [36],
since the user’s responses and decisions depend on these perceptions [37,38]. Studies have
emerged comparing some of these new display technologies with classic display methods,
such as the comparison between AR technologies and traditional web-based product
presentations [8] or between non-immersive VR and static photos [9]. In other cases, several
display technologies are compared between them, sometimes including haptics [12,13,15]
or with the real interaction of the product [10,11,39]. Sometimes, studies are focused on
product assessment in the early stages of the product development process [10,40].

The results of these studies allow us to conclude that the perception of certain product
features depends on the display technology used. For example, Galán et al. [13] stated
that the attractiveness and size of the product (a chair) was perceived to be higher in real
interaction than through VR. However, these studies usually compare few technologies or
are applied to a single product. The work by Agost et al. [16] compared the perceptions
achieved in 10 design features, related to physical, detailed, functional, and aesthetic
aspects, in five display technologies (image rendering, 360◦ rotation display, augmented
reality, and non-immersive and immersive VR), for two different products, finding that
360◦ rotation provided the best perception for what are considered the most important
features, while aesthetic features were better achieved by immersive VR.

But the overall user experience goes further and will be conditioned by the usage prop-
erties offered by display technologies, so its analysis involves expanding the understanding
necessary to optimize the way products are presented. There are numerous studies that
analyse user preferences and perceptions generated in the interaction with technologies,
such as the study by Van Damme et al. [41], in which three interaction methods in virtual
reality were compared (haptic feedback, traditional controls, and hand tracking) and their
influence on user experience was evaluated, concluding that users felt an aversion to non-
haptic hand tracking in simpler tasks and preferred controllers in more complex ones. Also
for applications of AR technology, some studies compared user experience depending on
the type of interaction, such as the study by Gan et al. [42] in which it was seen that hu-
manoid intelligent virtual agents with or without emotional expressions provided greater
credibility, attractiveness, and novelty than a voice assistant, so their incorporation in AR
applications could be beneficial. Gatullo et al. [43] is another example. They developed a
desktop-simulated testing environment to experiment on information presentation with AR
remotely. Users rated the pragmatic qualities of efficiency, perspicuity, and dependability
as good, while attractiveness and stimulation were rated as excellent.

Kim and Rhiu [17] carried out a literature review of previous studies to evaluate
the perceived usability of VR systems by employing measurements, such as Comfort,
Complexity, Easy to use, Enjoy, Functionality, Realistic, Satisfaction, or Willing to use, from
which they proposed and validated the Virtual Reality System Usability Questionnaire.
Picardi et al. [18] emphasized the need for user-centred evaluations, establishing and
proposing a structured framework to evaluate AR systems and developing methods to
address usability, user experience, and interaction in AR technologies. Al-kfairy et al. [19]
explored the user experience in the metaverse, an evolving field that uses new technologies,
including AR and VR. These authors conducted a comprehensive literature review and an
in-depth analysis to investigate user perceptions within the metaverse, focusing on usability,
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social influence, and interoperability, The results showed trends and highlighted areas
for future research. In Al-Adaileh et al. [20], the perceptions generated on the Metaverse
Marketplace were studied, enriching the vision of technologies in virtual environments so
that they are secure, engaging, and user-friendly.

Therefore, although user perceptions in interaction with new technologies have been
studied, many of these studies are focused on a single type of technology, or perceptions
are analysed in global new virtual spaces. There is a lack of studies that consider a wide
range of usage properties. Usability and user experience in AR and VR interfaces for uses
such as purchasing products online are not sufficiently explored [44].

2.2. Usage Properties in Display Technologies

Some conceptual models propose factors related to the adoption of either a given
technology or a behavioural intention [21], and the Technology Adoption Model (TAM) is
probably one of the best known and most widely used [22]. This model is based on two
factors to determine the user adoption of a technology or a system: usefulness and perceived
ease of use. Saprikis et al. [21] pointed out that, in addition to these two factors, some
authors have considered other concepts to study the intention to adopt a technology, such as
functional benefits [45] or other more subjective ones, where enjoyment stands out [46–48].
Additionally, the Unified Theory of Acceptance and Use of Technology (UTAUT) considers
other constructs, such as performance expectancy, effort expectancy, social influence, and
facilitating conditions [49,50].

Furthermore, Javornik [23] stated that current interactive technologies share media
characteristics, defined as “communication variables that are connected to the aspects of
communication that represent an exchange and transmission of messages with various
entities” [51,52]. Javornik [23] offered a literature review and proposed a framework that
includes the main media characteristics of interactive technologies. Of these media charac-
teristics, Interactivity can be defined as “the choices provided to users and the ability to go
back and forth with the interface” [53]. Other relevant media characteristics are Mobility,
defined as “Portability and wearability that allow a mobile use” [54,55] or Virtuality, as
“the media’s capacity of showing virtual elements or virtual worlds, as experienced by the
user through immersion or telepresence in the environment created by computer graphics
or visual elements” [56,57].

Verhagen et al. [24] highlighted Tangibility as another potential key factor in online
product evaluations. They proposed and tested a model by relating product tangibility to
three product presentation formats: static pictures, 360 spin rotation, and a virtual mirror.
Participants were assigned one of these displays and inspected five pairs of sunglasses.
Product tangibility was mostly achieved by virtual mirrors, followed by 360 rotation, and
finally by pictures.

3. Materials and Methods

An experiment was designed to analyse the differences between display technologies
in the perception of a selection of their usage properties, referred to functionality, usability,
pleasure, and media aspects. Five different display technologies (image rendering, 360◦

rotation display, augmented reality, and immersive and non-immersive reality) were se-
lected to show well-known household products in an online sales context: a sideboard
and a gooseneck lamp. Seventy-seven participants interacted with a selection of these
technologies to view products and subsequently assessed each technology’s ability to
deliver usage properties.

3.1. Selection of Subjects

The participants were students in the third year of the Degree in Engineering in
Industrial Design and Product Development. Although 96 students were initially invited
to participate, 77 participants (36 females, 41 males), aged between 18 and 29 years, finally
took part and provided valid data.
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They were selected to participate in a set of studies related to the perceptions gen-
erated when using product display technologies. Due to their academic background in
product design, it was expected that they would pay more attention to interaction details
and the accurate display of the product design. Additionally, they were expected to have
experience with using new technologies. Participants signed an informed consent docu-
ment, which had been approved by the University Deontological Committee, as well as the
experiment itself.

3.2. Selection of Display Technologies and Their Usage Properties

Five display technologies were considered, image rendering (2D), 360 rotation display
(360◦), augmented reality (AR), non-immersive virtual reality (ni_VR) and immersive
virtual reality (i_VR), to include a wide range of the main technologies currently used to
display products.

For the usage properties to be selected, the intention was for them to be representative
of a variety of characteristics and not be focused only on functionality and usability, to
collect different aspects of a global product experience. Therefore, in addition to the
usefulness and ease of use, other functional and also more subjective benefits should be
considered [21]. On the one hand, the three levels of the hierarchy of users’ needs proposed
by Jordan [25] were considered to collect characteristics from the literature [17,21,22,45]
related to the functionality, usability, and enjoyment (pleasure) of the technology. At
the basic functionality level, Realism and Usefulness were considered. The possibility of
observing the product from different perspectives (referred to as Angle) was added as a
distinguishing feature between the traditional 2D display method and new technologies.
The properties Easiness, Comfort, and Trust in product display were selected at the usability
level. Finally, at the pleasure level, properties related to emotional benefits were considered,
such as Satisfactory experience and Fun.

Furthermore, three media characteristics of interactive technologies were adapted from
the review by Javornik [23]: Interactivity, Immersivity, and Availability (from the original
Virtuality and Mobility, respectively). Tangibility was also added as a factor in product
evaluation [24]. The complete list of usage properties and their description in the study are
shown in Table 1.

Table 1. Usage properties considered to study their perception depending on the used display
technology.

Type Usage
Property Description

Functionality
Realism It provides a realistic representation: it has sufficient quality and resolution
Angle It allows the product to be viewed from any angle
Usefulness It is useful

Usability
Trust It provides trust and security; it offers sufficient information to evaluate the product and

to decide without risks
Easiness It is easy to use
Comfort It provides comfort

Pleasure
Satisfactory experience It provides a satisfactory shopping experience
Fun It provides fun

Media

Interactivity It provides interactivity: interaction with the presentation is allowed
Immersivity It provides immersivity: you feel you are inside the represented environment
Availability It provides accessibility at home and can be used when shopping
Tangibility It allows product features to be perceptible to senses

As global indicators, two variables related to the affective and emotional aspect were
added: Decision, to assess whether the display technology influences the final decision;
Expectations, to rate if the display technology meets the user’s expectations.
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3.3. Selection of Products and Website Development

A website was developed as a platform on which participants had access to use the
different technologies to display a product. Four different website versions were generated
based on the shown product and the used technologies.

Two well-known common home appliances with varied characteristics (shape, size,
materials, etc.) were selected: a sideboard (as a piece of furniture) and a gooseneck lamp
(as a household accessory). Selection followed the following criteria: (1) products had to
be widely known and used by all the participants; (2) they had to be products with very
different characteristics (dimensions, shapes, materials, etc.); (3) products had to be able to
be shown by the technologies used in the study.

Two of the versions showed the sideboard, and the rest displayed the gooseneck lamp.
To avoid participants’ fatigue, the used technologies were either 2D, 360◦ and AR or 2D,
360◦, ni_VR and i_VR.

The 2D product’s information was shown on a carousel of rendered images from
different perspectives (Figure 1): isolated, integrated into an environment, showing some
details, and depicting detailed measures. A product description was also available next to
the image carousel.
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The 360◦ rotation interaction was allowed by displaying the product with a three-
dimensional model on an app (Sketchfab) (Figure 2). Allowed actions included rotation
from any angle, zoom, and, with the sideboard, also opening drawers and doors. Instruc-
tions about how to perform these actions were included.

This app was also used to obtain virtual product representation, which could be shown
on a smartphone screen over a real location to display the product in the environment for
which it was intended. Additionally, product orientation realistically changed in accordance
with users’ movements (Figure 3).

The VR representation considered two different displays: on the one hand, for ni_VR,
an app (VR Media Player) had to be downloaded on a smartphone so that a virtual
representation of the product located in a virtual room could be displayed. Users could
modify the orientation of the environment by sliding their fingers across the screen. For
i_VR, participants used a head-mounted display, which they were previously provided
with to hold their smartphone (Figure 4). This system allowed them to view a complete
scene in an immersive way.
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3.4. Procedure

Participants accessed the initial form (informed consent and characterisation) by a
QR link. Next, they answered questions about their user experience with the display
technologies on a 5-point scale: 0 Never; 1 Once or twice; 2 Sometimes; 3 Often; 4 Very often.

Then, each participant was randomly assigned to a version of the simulated website so
that distribution remained balanced (Figure 5). While the participants who were assigned
VR as a visualisation technology previously received the head-mounted display (glasses),
those who were assigned an AR technology were given a backpack as an alternative gift.
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Participants received instructions about how to interact with the product by using
all the available display technologies. However, as in a real situation, the order of these
interactions with technologies was not controlled. To optimise experiences with their
smartphone, they were recommended to use it horizontally. The students were asked to
report any issues with the display technologies to the researcher in charge. Communication
between the students and the researcher was frequent and effective, as she also served as
their teacher.

After using the assigned technologies, participants were asked to assess their percep-
tion of each usage property (detailed with the “Description” of Table 1) on a comparative
basis for each assigned technology by completing a questionnaire with a 5-point scale
(“1 Very bad”; “2 Bad”; “3 Neutral”; “4 Good”; “5 Very good”). The variables Decision and
Expectations were also rated on each technology on a scale from 1 (Very bad) to 5 (Very good).

Next, they were asked about the importance they attached to usage properties also on
a 5-point scale from “1 Not important at all” to “5 Very important”.

3.5. Analysis of the Results

Statistical analyses were performed with the IBM SPSS v23 statistical software (IBM
Corp., Armonk, NY, USA). First of all, descriptive statistics were analysed, and conclusions
were obtained about not only the perception of the importance of usage properties but also
about their assessment of each technology.

As the data from questionnaires could not be considered to follow normal distribution
(based on the Kolmogorov–Smirnov test), the following analyses were applied to check if
significant differences could be detected:

• Non-parametric Friedman tests (repeated measures) by taking, as dependent variables,
the ratings of perceptions for each usage property and the display technology. Tech-
nologies 2D, 360◦, and AR were compared by half the sample, and 2D, 360◦, ni_VR,
and i_VR by the other half (as participants used either AR or VR, but not both). In each
group, pairwise comparisons were performed by adjusting significance values using
the Bonferroni correction for multiple tests. An a priori power analysis was performed
by the Wilcoxon signed-rank test for matched pairs by taking the following as input
parameters: power of 80%, error probability α of 0.05, effect size of 0.5 based on a
mean difference of 0.5 and SD of difference = 1. The analysis showed a total sample
size of 35 participants set for two tails.



Appl. Sci. 2024, 14, 6739 9 of 20

• Independent-sample Mann–Whitney U tests were applied to verify possible differences
between the usage properties between AR and ni_VR and also between AR and i_VR.

• Independent-sample Mann–Whitney U tests were also applied to check possible
differences in usage properties’ ratings depending on product type. The properties’
ratings for each technology were taken as dependent variables and product type as
the independent variable.

4. Results

After ruling out the records of five participants who could not use the AR or VR
technologies due to technical problems with their mobile phones, 77 individuals (36 females,
41 males, aged between 18 and 29 years) participated in the study. Thirty-nine of the
77 participants used the 2D, 360◦, and AR technologies, while the other 38 were assigned
to the 2D, 360◦, and VR technologies. In each group, 19 participants viewed a sideboard
and the rest, a gooseneck lamp.

About previous experience with technologies, 84.4% of the participants stated having
used 360◦ rotation, with a 26% frequency of “Often” or “Very often”. For the AR technology,
previous experience was recognised by 57.1%, but only 3.9% mentioned that they used it
often. With ni_VR, 76.6% stated that they had used it previously, and 15.6% often or very
often. Finally, only 32.5% of them indicated having previously used i_VR, with a maximum
frequency of “Sometimes”.

Importance and Perception of Technologies’ Usage Properties

Descriptive statistics (mean and standard deviation) of the importance attached to
usage properties are shown in the first columns of Table 2. The next columns indicate
the mean and standard deviation for the rating given to each technology for these usage
properties. The highest mean value in each row is shown in bold and in a green cell, while
the lowest one appears in italics and in a red cell. The last row reveals the mean values
achieved by each technology for the perception of all its properties.

Table 2. Perception of technologies’ usage properties. Rates for their importance and for the level
achieved with each technology. The highest mean value in each row is shown in bold and in a green
cell, while the lowest one appears in italics and in a red cell.

Ratings

Importance 2D 360◦ AR ni_VR i_VR

M SD M SD M SD M SD M SD M SD

Realism 4.62 0.61 3.77 1.05 3.96 0.91 3.69 1.42 3.92 0.75 4.03 1.40

Angle 4.27 0.86 2.75 1.03 4.57 0.68 3.79 1.34 3.24 1.20 3.58 1.59

Usefulness 4.22 0.82 4.10 0.98 4.26 0.68 3.92 1.38 3.79 0.91 3.82 1.29

Trust 4.29 0.77 3.77 0.93 4.00 0.86 3.64 1.39 3.61 0.89 3.71 1.37

Easiness 4.10 0.78 4.21 1.02 3.97 0.73 3.15 1.20 3.37 0.97 3.32 1.38

Comfort 4.12 0.87 4.22 0.87 4.09 0.73 3.15 1.31 3.63 0.88 3.11 1.37

Satisfactory
experience 4.09 0.87 3.81 0.97 4.03 0.79 3.72 1.36 3.82 0.83 3.76 1.34

Fun 3.06 0.93 2.69 0.83 3.78 0.75 3.95 1.47 3.68 0.84 4.18 1.25

Availability 3.86 0.88 4.34 0.82 4.06 0.80 3.31 1.26 3.76 1.13 2.79 1.44

Interactivity 3.62 0.81 2.25 0.99 4.21 0.82 4.21 1.38 4.00 0.93 4.39 1.29

Immersivity 3.65 0.94 2.23 1.01 3.29 0.99 4.15 1.41 3.87 0.94 4.47 1.20

Tangibility 3.88 0.82 2.88 1.11 3.44 1.07 3.46 1.47 3.74 0.86 3.92 1.28

MEAN 3.42 3.97 3.68 3.70 3.76
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This information is also shown graphically in Figure 6, where the importance attached
to each property is indicated on the X axis, and the ratings for each technology appear on
the Y axis. Properties are designated by their initials, which have a grey background if
significant differences are detected between technologies.
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Figure 6. Mean ratings for the assessment of each property with each technology against mean
importance. The importance level of each property is represented on the X axis. For each property,
technologies’ ratings appear on the Y axis. The initials of the properties with a grey background
indicate significant differences detected between technologies according to the Friedman test for
related samples (2D, 360◦, and AR or 2D, 360◦, ni_VR, and i_VR), or to the Whitney–Mann U test
for independent samples (AR and ni_VR or i_VR). F: Fun; IT: Interactivity; IM: Immersivity; AV:
Availability; TA: Tangibility; SE: Satisfactory experience; E: Easiness; C: Comfort; U: Usefulness; AN:
Angle; TR: Trust; R: Realism.

Firstly, four general importance levels are distinguished. At the first level (importance
> 4.5), Realism is located. Therefore, the property considered to be the most important one
is that technologies offer a realistic representation with sufficient quality and resolution
according to the expression used on the form (see Table 1).

At a second level (importance between 4 and 4.30), properties seem to generally refer
to comfortable, reliable, and satisfactory use. In more detail, the properties related to
functionality and reliability (Trust, Angle, Usefulness) have importance levels between 4.20
and 4.30 (closer to Realism, both for score and concept), while the properties related to a
comfortable and satisfactory usage concept (Comfort, Easiness, Satisfactory experience) have
lower ratings, between 4 and 4.20 points.

The properties on the third level of importance (between 3.5 and 4) are considered
the media characteristics of interactive technologies: Tangibility and Availability as the
most important ones (3.85–3.9), and Immersivity and Interactivity with importance levels of
3.6–3.65 points. Fun is at the last level of importance, with a score close to 3, that is, at a
medium level, among the five options offered on the scale.

Regarding the ratings of each technology’s properties, the best globally rated technol-
ogy is 360◦, and the worst one is 2D. However, as all the average ratings are between 3.42
and almost 4, there is only a slight overall difference.

For the specific usage properties, the lowest ratings correspond mainly to the media
properties for 2D (Interactivity, Immersivity, Tangibility) and also to Angle and Fun. For
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all these properties, 2D technology fails because the rating is below the average score of
3 points. However, 2D has the highest ratings for Easiness, Availability, and Comfort.

The highest rating is obtained for 360◦ for Angle, followed closely by i_VR for Immer-
sivity and Interactivity. In general, 360◦ obtains the highest rating for four of the properties,
and it does not obtain the minimum score for any of them. Specifically, if we pay attention
to the seven properties valued as the most important ones (importance > 4 points), 360◦ is
the best valued for the properties with the second, third, fourth, and seventh highest levels
of importance (respectively, Trust, Angle, Usefulness, and Satisfactory Experience) and the
second highest rated for the properties with the first, fifth, and sixth levels of importance
(Realism with 0.07 points of the highest rating, Comfort with 0.13 points, and Easiness with
0.24 points of the highest rating). Figure 7 summarises the significant differences found
between technologies both globally and per product. Two-dimensional is the technology
with the most significant differences from the rest.
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More detailed information about these results, depending on the analysis carried
out, can be found in Tables S1–S7 (see the Supplementary Material). Tables S1–S6 detail
the p-values corresponding to the Friedman test for related samples (Tables S1–S3 for the
participants who used AR; Tables S4–S6 for the participants who used VR). Table S7 shows
the results from the Mann–Whitney U (independent samples) between the AR and (i_ and
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ni_) VR technologies. When p-values are less than 0.05, the cell has a grey background, and
the technology with the highest value is depicted in bold.

Of the seven properties with the highest importance score (all with a score over 4), for
Realism, Trust, Usefulness and Satisfaction experience, no significant differences were detected
between technologies. If products were considered separately, significant differences
appeared for the sideboard for Realism (bigger for i_VR than for 2D) and Usefulness (bigger
for AR than for ni_VR).

With Angle, significant differences appeared between 2D (lower value) and 360◦, AR
and i_VR, and also between ni_VR (lower value) and 360◦ and AR. For Comfort, 2D and
360◦ were significantly better rated than AR and i_VR. For Ease of use, 2D and 360◦ were
easier than AR.

From the eighth importance property, more significant differences between technolo-
gies were found, especially for Immersivity, Interactivity, and Fun. For these properties, 2D
stood out for its low score compared to the other technologies and ni_VR for having a
lower score than AR. For Availability, however, 2D obtained a significantly higher score
than AR and i_VR, among other significant differences.

It should be noted that the smaller sample size available when distinguishing by
product could have prevented finding more significant differences, especially between AR
and ni_VR or i_VR, because only half the participants used these technologies.

The significant differences between products in ratings (Mann–Whitney U tests) were
mainly for AR and, specifically, for properties Realism (U = 118, p = 0.044), Easiness (U = 85.5,
p = 0.003), Usefulness (U = 105, p = 0.016), and Comfort (U = 98, p = 0.009) and also for 2D
with Interactivity (U = 545.5, p = 0.036). They are marked with a red ellipse in Figure 8.

Figure 9 helps to visualise the influence of product type based on technology and
property. As previously mentioned, the biggest difference between products occurred for
AR, with the sideboard obtaining a higher rating for all the properties except for Fun. There
were also some differences in the property ratings in other technologies, such as i_VR, while
360◦ was the technology with the greatest similarity in product ratings. Both products
generally showed similar trends in each property assessment.

The affective indicators about influence on purchase decisions (Decision) and prefer-
ences (Expectations) had maximum values (around a score of 4) for 360◦. For the rest, ratings
fell within a range between 3 and 4 (Figure 10). No significant differences were detected in
the assessment of these indicators between technologies.
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5. Discussion

In this work, a wide range of usage properties of display technologies was analysed,
and the level of assessment and importance of the functionality, usability, pleasure, and
media properties were obtained for the 2D, 360◦, AR, ni_VR, and i_VR technologies. The
described results have provided a comprehensive overview of the most suitable display
technologies based on the properties that we wish to prioritise.

Some preliminary results have been previously shown [26]. However, the publication
focused on other objectives, and only four variables were considered for four display
technologies. In the present work, a much more extensive study was carried out by
considering fourteen variables (twelve usage properties and two global indicators) and
properties’ importance for five different display technologies.

First of all, regarding participants’ preferences, the desire to obtain a realistic represen-
tation of the displayed object stood out, followed by other properties related to functionality
and reliability. The next properties were related to usability and pleasure, while those
related to media characteristics obtained scores below 4. Lastly, Fun was located in the
least important position. Thus, it would seem that users prioritise the achievement of
properties related to the most basic levels of Jordan’s pyramid [25] when perceiving an
object’s features. These results address the research question RQ2.

When looking at the technologies that can achieve these properties, it was found
that 360◦ obtained the best overall score, with the first or second score for the seven most
important properties (the importance of all of them was over 4 points). Therefore, it is
distinguished as a multipurpose display technology because it seems to please users with
its varied properties, which are related mainly to functionality and usability. In any case,
for these seven most valued properties in terms of importance, significant differences were
detected only for Angle, Easiness, and Comfort.

Regarding media properties, i_VR stood out for having the best score for Interactivity,
Immersivity, and Tangibility and also for Fun and its use. These properties were rated with
less than 4 points in importance, for which many significant differences have generally
been detected, with 2D being the worst rated for properties like Interactivity, Immersivity, or
Tangibility but the best one for Availability. Although i_VR stood out in media properties,
it also obtained the best score for the property considered the most important: Realism.
Globally, 2D was the display system with the most significant differences from the other
technologies. The differences found in the perceptions of the usage properties depending
on the display technology answer the first part of the research question RQ1.

When looking at the factors considered by the TAM [22], Usefulness and Easiness both
obtained their highest ratings for 360◦ and 2D, while the new XR technologies had lower
ratings. The ratings obtained for Tangibility (in increasing order, 2D, 360◦, AR, ni_VR, and
i_VR) agree with the results reported in Verhagen et al. [24], where tangibility was assessed
for three display types. The lowest rating was for pictures, followed by 360 spin rotation,
and the highest rating was for virtual mirrors. Generally, the results were also related to
those of Agost et al. [16] because it showed that the 360◦ technology was also the most
versatile and best valued by overall product perception, and also for general and detailed
physical features and functional aspects (Dimensions and Shape, Materials, Finishes, Details,
Quality). i_VR stood out especially in the perception of the aesthetic and affective dimension
(Appeal). Therefore, it can be concluded that 360◦ and i_VR are the technologies with the
most notable results, while perceptions with 360◦ rotation are related to functionality, and
they do so for i_VR with more emotional aspects.

However, it should be highlighted that more significant differences were detected
between display technologies for their usage properties than in terms of perceiving a
product’s features [16]. This should be corroborated in future work because it could mean
that users’ choice of one display system or another may depend more on the way the
display itself is used than on the product to be displayed.

Furthermore, the obtained results could depend on the product type, as it was con-
sidered in the second part of the research question RQ1. This means that although more
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significant differences were detected in the usage properties between technologies globally
than for product type, given the larger sample size, significant differences were detected
in Realism and Usefulness for the sideboard and not for both products globally. Therefore,
further study should be conducted to analyse the influence of the displayed product type
on the assessment of technology properties.

The differences found in the perception of properties depending on the specific product
were detected especially for the AR technology. The presentation of the gooseneck lamp by
the AR technology was perceived as being less realistic, useful, easy, and comfortable than
the sideboard. This could be because the sideboard is a large product that must be placed
on the ground, while the gooseneck lamp is much smaller and is usually located on a higher
surface, such as a table, and close to other elements, such as pencils or a laptop, which
could make it difficult to adjust the image by the AR technology. In any case, although the
gooseneck lamp location for its correct display may be more complicated, the relation with
the other image elements can make size adjustment more accurate.

Thus, Agost et al. [16] pointed out that the users who had viewed the sideboard by
AR after viewing the real product detected a higher proportion (>80%) of differences in
the dimensions between the product perceived with the display technologies and the real
one than the users who had displayed the gooseneck lamp. Slightly less than 60% detected
significant differences between the dimensions perceived by technologies and the real
product. By way of conclusion, the adequacy of a technology’s usage properties may also
depend on the shown product’s features.

No significant differences were observed between technologies in the assessments of
affective indicators Decision and Expectations, which could be related to the lower impor-
tance that users attach to more subjective properties because they preferred functionality.
Consequently, the answer to the research question RQ3 could not be obtained.

One of the main contributions of this work is the presentation of a comparative
study of an unusual breadth: five different display technologies were compared across 12
usage properties belonging to 4 different types. This comparison considered not only the
assessment but also the level of importance given by the participants to each of them. Two
additional variables were taken into account regarding decision and expectations.

Additionally, the results obtained confirm that the study of perceptions achieved
through display technologies should consider both those generated from the design char-
acteristics of the displayed product and those arising from the usage properties of the
technologies. In fact, the characteristics and breadth of this study allow its results to
complement those obtained by Agost et al. [16]. As seen in both studies, 360◦ rotation
stands out as a versatile and multipurpose technology, while i_VR is particularly suitable
in some applications, such as in the perception of Appeal or in properties related to media
characteristics and Fun. Thus, this work provides insights into the selection of the most
appropriate display technology, expanding the aspects to consider.

6. Conclusions

The influence of the product display technology on user perceptions is a common
topic in the literature. Yet beyond the perception of a displayed product’s features, the con-
venience of using certain technologies or others may also depend on the usage properties
of technologies themselves. In this work, a comparative analysis of the perception of usage
properties in different product display technologies was conducted to provide insights for
the purpose of user experience optimisation.

The scope of this study is highlighted: 12 usage properties classified into four types
(functionality, usability, pleasure, and media) were considered, for which the perception
of their importance and their assessment in five display product technologies (image
rendering, 360◦ rotation display, augmented reality, and non-immersive and immersive
virtual reality) were studied. Two common and well-known objects but with very different
design features were chosen, which made distinguishing their influence on the perceptions
of usage properties possible.
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The usage properties considered to be the most important ones were mostly the
functional and reliable ones and were related to a realistic, useful, and comfortable repre-
sentation. It is highlighted that of the seven most valued properties in terms of importance,
significant differences were detected only in three of them. With lesser attached importance
came the media and fun properties, for which more significant differences were detected.

The 360◦ rotation technology obtained notable results for various usage properties,
especially for the functionality and usability ones. Immersive virtual reality had good
results for media properties and also for Realism. Therefore, the general recommendation
is similar to that of Agost et al. [16], who recommended 360◦ rotation when looking for
general, and not specific, use, while immersive virtual reality seemed better for subjective
experiences, but recommendations were based on the perception of product features.

It should be noted that the number of significant differences found between technolo-
gies based on usage properties is bigger than those identified in Agost et al. [16] for the
same technologies, based on product features’ perceptions. This may provide an idea of the
importance of considering the perception of usage properties, and not only that of product
features, when selecting a display technology to obtain an optimal result.

Although fewer significant differences were expected to be identified per product, due
to the smaller sample size, differences were occasionally detected between technologies
in some properties for the sideboard and were not globally manifested for both products.
Additionally, the augmented reality technology stood out for the number of significant
differences identified on the usage properties’ ratings, depending on product type. These
results suggest that further work into the analysis of the influence of usage properties
depending on the displayed product type is recommended.

No differences were detected between technologies for their influence on either the
final decision or user expectations. In any case, the development of technologies may vary
some results because these technologies are constantly evolving, and their usage properties
continually improve.

This study has some limitations. Participants did not use all the technologies consid-
ered, but the sample was divided between AR and VR users, so in some analyses, it was
not possible to use the data for the entire sample. Considering two different products also
causes a limitation in this study. This could have had an influence when finding signifi-
cant differences. Finally, it should be considered that new display technologies constantly
improve their properties, so these results should be verified in the future.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app14156739/s1, Table S1: Both products. Significant differences
between technologies, in the assessment of their properties and affective indicators; Table S2: Side-
board. Significant differences between technologies, in the assessment of their properties and affective
indicators; Table S3: Gooseneck lamp. Significant differences between technologies, in the assessment
of their properties and affective indicators; Table S4: Both products. Significant differences between
technologies, in the assessment of their properties and affective indicators; Table S5: Sideboard.
Significant differences between technologies, in the assessment of their properties and affective
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