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ABSTRACT Virtual reality (VR) potential to isolate users from the real world while producing a rich virtual
environment where users act similarly to how they would, in reality, is still being investigated in several
fields. In this work, we investigated the effects of product contextualisation and gender under an immersive
VR application where users can explore in-depth a commercial product with a ‘‘hands-on’’ experience.
An experimental between-subjects study was performed with 38 participants between 18 and 28 years.
The product tested consisted of a double-door refrigerator equipped with a touchscreen. Two independent
variables were studied: Context (the refrigerator was filled with food products and placed in a kitchen),
Neutral Context (empty refrigerator displayed in an empty white room), and Gender (Female and Male).
As for the dependent variables, we considered how clarified users felt about the product functionalities,
its size, the extent users remember details and characteristics of the refrigerator, and the user’s subjective
workload. The evidence shows that contextualisation and gender have no impact on any dependent variables.
Therefore, we concluded that presenting a product in its context does not benefit significantly benefit it. Thus,
opting for a neutral context would be preferable to save computational costs and human resources necessary
to build and run the higher complexity environments required to contextualise the product.

INDEX TERMS Virtual reality, immersive, context, gender, user perception, product evaluation, memory.

I. INTRODUCTION
Online shopping revolutionised the way we purchase prod-
ucts. From the comfort of our homes, we can search endless
marketplaces, verify reviews from previous buyers and get
products delivered to one’s door. However, online shopping
also has its disadvantages: we only get to experience the
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product first-hand after purchase, namelywhen it is delivered.
For example, a study performed by Liu et al. [1] concluded
that physical store shoppers of luxury goods that are more
averse to online risks consider valuable the possibility of
checking the product personally before purchasing it. These
consumers also consider the shopping experience and inter-
actions necessary. Another study conducted by Kim et al. [2]
revealed that online shoppers that feel a higher degree
of product-level uncertainty are unlikely to buy expensive
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products online despite having experience with online shop-
ping. The same authors also concluded that users are reluctant
to purchase expensive products using only digital informa-
tion, preferring only to purchase cheaper products online.
Again, this uncertainty comes from the impossibility of expe-
riencing the product first-hand.

Lately, virtual reality (VR) potential is being widely
researched [3], more specifically, how can VR contribute to
overcoming current limitations and constraints of the real
world. Thus, VR could help mitigate some of the inherent
constraints of buying online by allowing clients to test prod-
ucts before purchase. In this case, we specifically tested
whether Product Contextualization (Subsection A) could
help users to understand better the product characteristics
(similarly to what is observed in the real world) or not.

Thus, in this experimental study, we studied the effects
of Product Contextualization on the user’s perception of a
product (how well users remember details of the product and
how well they feel clarified about its functionalities and size)
under an immersive VR (IVR) setup. We also analyze the
role of gender in these variables. This study’s results con-
tribute to the body of knowledge of VR and e-commerce by
better understanding how Product Contextualization applies
to users under an IVR setup and if gender differences are
present or not. Such data can bolster new investigations in this
field, help to improve strategies for online shoppers (andmore
specifically for each gender, if such is the case), enhance their
experience and trust, and benefit practitioners in the field.

A. PRODUCT CONTEXTUALISATION
Product Contextualisation is a well-known concept in com-
merce that can help consumers better visualise how they
would use the products. It consists of placing the product
in question (focal product), together with other products
(complementary products), creating an environment similar
to the one the consumer would use.

There are three factors in product contextualisation [4], [5]:
Functional - complementary products that can be consumed
jointly with the focal product (e.g., users buying a new phone
are also likely to buy other accessories such as phone covers,
screen protectors or power banks). Aesthetic - complemen-
tary products that create a satisfying aesthetic relationship
when used together with the focal product (e.g. using watch
straps that go well with what the user is wearing). Sociocul-
tural - complementary products with no connection to the
focal product but related through sociocultural association
(e.g. associating roses with romantic dinners).

Product Contextualization is easier to implement in 3D
environments than in the real-world [6]. Under an IVR setup,
context could be easily and readily changed [3]. Such could
also allow faster iterations through user studies to understand
which context a new product has more chances to elicit pur-
chase intentions. Furthermore, users often prefer to inspect
products within the context [6]. It can also influence the
consumer’s attitude towards the products [3], [5].

B. VIRTUAL REALITY
Virtual Reality (VR) is a technology capable of simulating
virtual worlds in real-time, where users and 3D entities inter-
act using sensorimotor channels [7]. In other words, it can
completely isolate the users from the stimuli of the real
world while replacing them with synthesised ones [8]. Its
potential in several fields such as entertainment, video games,
education [9], [10], medical [11], [12], marketing [13], res-
cuers [14], among others is being constantly studied.

Nowadays, IVR can be promptly experienced through
several devices such as smartphones (e.g. using Google
Cardboard), laptops and desktop computers (e.g. using VR
headsets such as HTC Vive or Oculus Rift), or directly using
standalone VR headsets such as the Oculus Quest without the
need for other devices.

IVR also adds layers of safety because experiences sim-
ulating risky situations and environments can be performed
in the safety of controlled locations where users could train
or experience scenarios without endangering themselves or
others [15], [16]. Furthermore, it could further reduce time
constraints and logistics costs because users can experience
scenarios without needing to travel to specific locations.
It could also mitigate possible problems with the availability
of products/materials. For example, users who want to check
a specific product in-store but cannot, because the same is
unavailable, could instead experience the same product (to a
certain extent) using IVR.

VR can also allow collaboration in real-time or asyn-
chronous, which increases the efficiency of the available
time and funds for all parties, interacting through the use of
different platforms while being in different places [17], [18].
For example, in the context of e-commerce, consumers could
check online products in IVR with the help of store staff that
could assist the users with the products in real-time.

In a study performed by Suh et al. [19], users experienced
virtually high experiential (non-IVR featuring an interactable
3Dmodel) and virtually low experiential (static images) prod-
ucts. They concluded that VR increases the overall consumer
learning about products. Therefore, the use of VR, and par-
ticularly IVR, could further mitigate costs for online stores
and sometimes consumers [20] by reducing the number of
return items (because users were not fully informed before
the purchase) [21], [22] by increasing the consumer trust.

Delarue et al. [3] discussed VR in contextualized product
testing. They affirm that VR requires specific knowledge of
artistic and computer skills and that developers that meet
these requirements often prefer to work in entertainment
rather than consumer research. Authors also state that realism
in VR is still not natural enough. Developing IVR requires
specific skills, but we argue that VR development platforms
(such as Unity or Unreal Engine) are becoming more and
more user-friendly and straightforward. Game engines are
also constantly being optimised and improved to provide even
more rich visuals, which, combined with the evolution of
technology and helped by the substantial widespread of VR
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and its community, means that achieving more natural visuals
in IVR is now easier than before and should continue to be so.

One example of an application that takes advantage of
product contextualisation is IKEA. Users can place the store
products in their home via augmented reality (AR) and visu-
alise beforehand how they would look together with the rest
of their furniture [23]. Another example is applications that
display how clothes would fit users using AR [24], [25].
Although AR presents some advantages in this type of
‘‘hands-on’’ when compared to other media, several authors
argue that VR is the most likely to have the most significant
impact [26], [27], [28]. This is due to its inherent ability to
isolate the user from real-world stimuli completely. With the
users ‘‘shut off’’ from reality, the replication of multisen-
sory stimuli in-product experiences can happen without the
interference of the conditions of the real world where the
experiment is taking place.

Two major concepts in the field of IVR that help under-
stand the potential its potential are the sense of presence
and immersion. Presence is ‘‘a state of consciousness’’ [29],
usually described in the literature as the ‘‘sense of being
there’’. The higher the sense of presence, themore likely users
will behave in the virtual world the same way as they would
in reality. Csikszentmihalyi’s theory of flow [30] shows sim-
ilarities to Presence. Flow is a mental state where users are
so focused on the task that they lose the sense of time and
awareness of their surroundings. The sense of Presence has
been used throughout the literature as a metric to evaluate
the effectiveness of a VR experience [31], [32]. The level
of immersion (often confused with presence [33]) describes
how well the VR system can isolate the users from the real
world and how well it delivers the synthesised stimuli of
the virtual environment [29]. This is considered an objective
metric contrary to presence, which is of subjective nature.
The higher the level of immersion, the more likely users
are to feel a greater sense of presence [34], which improves
the likelihood of users having similar personal and physi-
ological responses to the ones they would have in the real
world.

C. LIMITATIONS OF VIRTUAL REALITY IN E-COMMERCE
Although IVR’s tremendous potential and technology and
knowledge continuously improve, there are still technological
limitations when using IVR. Regarding navigation through
the environment for better exploration, several setups allow us
to walk through the virtual environment physically; however,
many setups are limited by a specific tracking area. The
absence of a tracking area can also be concerning, as walking
without limitations can be a hazard for some people as they
can wander off a safety area, unaware of the real world.
There are solutions and workaround for these issues, such
as using a teleportation method, allowing users to be station-
ary and using the controller to indicate where they want to
go, or using omnidirectional treadmills, which would imply
higher costs and logistics. With a simple IVR setup, consist-
ing of one VR headset and a pair of controllers, there is the

impossibility to feel other stimuli than audiovisual (such as
haptic, smells, taste, and others). This means that users can go
through objects but cannot feel their weight, their texture, and,
depending on the product, their smell, taste, and temperature.
Some stimuli can be replicated in a multisensory setup, but
even then, there would be technological limitations, cost con-
straints and business model incompatibilities. For example,
testing a car in IVR could prove to be possible by using
simulators comprised of force-feedback actuators. However,
even though they could not simulate every force, a car and
driver endure during real-world driving, which could mislead
buyers. Another example is regarding smells. Although there
are devices for VR headsets that can release smells [35], they
need to be purchased and installed beforehand; therefore, the
possibility of experimenting with a new perfume online in
an IVR is infeasible because to test it, the consumer would
need to recreate it at home, defeating the purpose of the
application. The same reasoning could be applied to taste
and temperature. Furthermore, suppose consumers are given
the means to recreate products to preview them in IVR.
In that case, businesses could risk consumers exploiting this
possibility to their advantage, counteracting the intention to
purchase.

Some products are also inherently easier and only possible
to try in the real world than in IVR [3]. For example, the
experience of trying a new pair of running shoes would
depend not only on the feeling itself, the terrain they are tested
but also on how long they are used. Another example would
be swimming equipment that, although one could visually
inspect it in IVR and check some parts of its functionality,
could not actually be tested in IVR, as it would require the
user to be submersed in actual water.

VR headsets can also distort the user’s distance perception
leading users to underestimate distances [36]. In commerce,
this factor could mislead consumers into thinking that a
product is smaller than it actually is, further diminishing
trust in IVR to gather product information. Although, some
methods have been studied and proved to improve the accu-
racy of users’ distance perception. A cluttered environment
can help users estimate distances in VR more correctly as
they have other objects to give a sense of scale [37]. Indoor
environments can further assist the user’s distance perception
by presenting the clutter closer to the user than an outdoor
setup [37].

Another possible issue is the cybersickness symptoms
(nausea, vertigo, disorientation, among others) that some
users can experience during and after the experience. These
symptoms usually appear when the visual and vestibular
systems enter in conflict, in other words, when we see we are
moving but feel we are stationary and vice-versa (like driving
a car in IVR without any force feedback or trying a virtual
rolling coaster) [38], [38]. Therefore, a simple consumer-
level VR headset (to address as many possible consumers
as possible) would limit the number of products that could
be fully replicated and tested as if they were real without
incurring cybersickness.
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D. THE IMPACT OF VISUAL COMPLEXITY
Wedel et al. [26] brought to attention that previous studies
seem to indicate that abstract representations may be more
beneficial because of the reduced complexity they provide
versus environments with higher levels of realism (by repli-
cating the as best as possible the real world). This would
indeed make specific tasks easier to perform as there are
fewer distractions in the virtual world and improve the com-
putational performance of the system [39]. For example,
Mania et al. [40] studied how rendering quality (flat-shaded
vs radiosity) affected location-based recognition memory and
states of awareness. They concluded that a higher proportion
of recognition was achieved in the less realistic condition.
This is important because memory recall is essential in com-
merce, being the basis of advertising [41], and product place-
ment (the placement of product and/or brand names or their
logos in a scripted medium [42]) as it can impact purchasing
decisions [43]. It is thus essential to understand how visual
complexity can interfere with the consumers’ ability to gather
information and recall it afterward.

Immersive platforms are prone to possible readability
issues [44] when they display an image fidelity below what
the human perception can process, which is a common sit-
uation in today’s VR headsets. In online shopping, IVR
applications with small detailed products, this factor can
influence (to an extent) how users behave and process the
visual information. For example, if there are important fine
details in the product, users might miss them, and active
guidance could be needed to make sure they get closer to the
product to perceive it. However, readability issues should not
be a significant problem in products of bigger dimensions and
without important small visual details.

Another factor influencing how users perceive the visual
information presented to them is how the human brain pro-
cesses information. For example, Itti and Koch [45] discussed
that only a small part of the visual information is processed in
such a way that it can influence human behaviour. There are
sections in the virtual environments that are visually salient
(dependent on the context of the experience) which are the
ones targeted first. Driving attention toward other aspects
of the scene requires a voluntary effort. Another aspect of
human perception is that it may be incapable of perceiving
differences in the quality of objects that are not related to the
task at hand [46]. This means that if a task focuses on one
aspect of the virtual object, other details might get through
unnoticed. This is supported in the widely known study from
Simons et al. [47], where ‘change blindness’ (blindness to
large changes in the scene when we move our view from one
place to another) and ‘inattentional blindness’ (blindness to
objects outside our attention focus) can lead us to miss much
visual information even if it presents right in front of us.

This inability to fully recognise and comprehend the infor-
mation because users are focused on their tasks or the
technological limitations of VR headsets can have impli-
cations for IVR online shopping applications. We cannot
control technological limitations more than by using the best

available equipment. However, we can circumvent them by
making sure users can get close enough to virtual objects to
fully perceive the details, even if this adds an extra layer of
complexity that does not exist in the real world to the same
extent.

E. USER’s WORKLOAD IN IVR
Mental workload is influenced by the amount of work-
ing memory resources a task requires [48]. These memory
resources are limited [49], only available for brief moments
(from seconds to minutes, enough to execute the task) [50],
and shared by several mental processes from sensory-level to
meaning-level processing [51]. Mental overload occurs when
a user is subjected to such an amount of stimuli that is no
longer possible to maintain the performance [52]. Mental
overload is dependent on factors such as the task complexity,
the user’s characteristics, feedback, and the strategies used
to perform the task [53]. There is evidence in the literature
that performing in VR requires a higher mental workload than
performing the same task in the real-world [54], [55]. Aspects
such as interface, interactions, text input postures, and move-
ments can impact the mental workload [56], [57], [58], [59],
[60], [61], [62]. The time available to execute tasks is an
important driver of mental workload [63]. Time constraints
can thus stress and affect the user’s performance [64].

However, some types of tasks seem to require the same
or less mental workload in VR and in the real world
[65], [66], [67]. Furthermore, the mental workload seems to
also be related to the user’s attention [68]. Souchet et al. [53],
in their review of IVR ergonomics and risks at the workplace,
affirm that literature on mental workload in VR is still scarce.

F. GENDER DIFFERENCES
Gender is still insufficiently understood in an e-commerce
context [69]. Studies indicate differences between genders in
key aspects of online shopping. For example,Wolin et al. [70]
found evidence that males have more positive attitudes
toward online shopping than females. Garbarino et al. [71]
concluded that women perceive a higher level of risk in online
purchasing than men and that having a site recommended
by friends reduces the perceived risk and increases willing-
ness to purchase online to greater extents in females than
males. Pascual-Miguel et al. [72] used the extended unified
theory of acceptance and use of technology (UTAUT2) [73]
to accommodate the variables ‘‘perceived risk’’ and ‘‘per-
ceived trust’’. Evidence shows that gender influenced the
relationships between effort expectancy (how the technology
is perceived to be easy to use) and purchase intention and
between social influence (how the user values the technology
in the social network context) and purchase intention. Product
type also influenced significantly the relationship between
perceived risk and purchase intention only for females.

The gender differences can be partially explained through
the Selectivity Hypothesis [74]. Briefly, it describes how
genders process information in different ways. For example,
males tend to have higher elaboration thresholds, indicating
that they are more likely to purchase products without the
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TABLE 1. List of the hypothesis being tested.

need to analyse all the available information. In contrast,
females will inspect more deeply the available information
before purchasing [74].

G. HYPOTHESIS
State of the art shows evidence of the importance of product
contextualisation in commerce as well as the potential of
IVR to address current gaps in increasing the users’ trust
(by experiencing the product ‘‘first hand’’) and reduce costs
for both the users and sellers by eliminating the needs to travel
to stores, having display product for consumers to experiment
with (and possibly get damaged in the process) and reduce
returned items due to lack of information or contextualisation
on how consumers would use the product. In this work,
we put forward an experimental study with users to address
the potential of product contextualisation in an IVR setup.

Contextualization can help consumers to paint a clearer
picture of how they would use the products. Therefore, in H1,
we hypothesize whether experimenting with the product in
the context it would be used could help users better clarify its
functionalities.

Evidence points towards an underestimation of distances
when using VR headsets. However, this can be counteracted
by adding multiple familiar objects to participants, increasing
the sense of space and improving distance perception [37].
Contextualization is then expected to increase this notion
of space. This can happen externally (where the product is
placed) and internally (what is placed in the product). For
example, in products with an interior (such as refrigerators,
microwaves, washing machines, dressers, or cabinets), the
contextualization of that product both externally and inter-
nally (such as having clothes in a dresser or milk in a refrig-
erator). Therefore, we considered the hypothesis that (H2)
context will influence the extent users are clarified about the
size of the product.

Experimenting with a contextualised product should
improve how much information about the product the users
remember. However, previousworks indicate that visual com-
plexity can hinder the ability to focus on the task [39]. When
adding context, we introduce visual complexity and thus
hinder what users remember from their experience with the
product [40], and by extension, affect the effectiveness of the

application to influence purchase decisions [43]. This factor
could counteract the positive effects of contextualisation in
IVR. Therefore, the third hypothesis being tested is that
(H3) the contextualised environment will impact the details
(related to the product’s characteristic) users remember from
their experience. The extra visual complexity brought by
contextualisation could increase the users’ workload as some
parts of the environment could become more visually salient
than the product they are testing, thus requiring a voluntary
effort to keep the focus on the product [45]. Furthermore,
literature shows that users performing tasks in IVR suffer
from a higher mental workload than when performing in the
real world [54], [55]. Therefore, their ability to acknowledge
the information provided by the IVR experience when per-
forming the tasks could be hindered in the highest visual
complexity condition (Context condition). However, because
users are also guided through the experience with several
tasks, the focus required to perform them can lead them
to become unaware of their surroundings [30], and blind
to objects outside their attention focus [47], which could
counteract the effect of visual complexity. Thus, we included
in this work the study of mental workload components and
other workload perception variables (H4).

Several pieces of evidence in the state of the art show that
genders differ in several aspects that can affect this study’s
variables. For example, the Selectivity Hypothesis shows how
genders differ in the type and amount of information they
process before making a purchase. Such could influence how
clarified they could be about the product functionalities, their
size, and howwell they remember/acknowledge the product’s
details before purchasing it. Such could ultimately also lead
to differences in user workloads. There is still no consen-
sus on this matter, and gender is still being studied [69].
Therefore, the same hypothesis addressing contextualisa-
tion of the product was also tested for differences between
genders (H5, H6, H7, H8).

Table 1 displays all the hypotheses being tested.

II. METHODOLOGY
The experimental study used a between-group design.
Sample, variables, instruments, materials, procedures, and
statistical procedures are described in detail below.
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A. SAMPLE
We used a convenience non-probabilistic sampling method
to gather 38 volunteers (21 male) with ages between 18 and
28 years (M=31.370, Std.Dev=2.541). These were recruited
at the university.

The majority of the sample consisted of university students
(86.8%), while the rest were workers (13.2%). More than
half of the participants reported having previous experience
with VR technologies (57.9%). When asked if they have
ever brought a refrigerator (the product being tested in this
study), the majority said no (73.7%). None of the participants
withdrew from the study; thus, everyone finished the study
successfully.

B. VARIABLES
Table 2 contains a description of all variables considered in
this study and their respective sub-scales/levels. The depen-
dent variables considered in this study were: Functional-
ity Clarification, Size Clarification, Memory, and Perceived
Workload. Perceived Workload has 6 subscales: Mental (the
resulting workload from thinking, deciding, and processing
what is needed to perform the task), Physical (how intense the
physical activity performed to complete the task), Temporal
(related to the time pressure of completing the task), Effort
(the level of effort required from the user to maintain the level
of performance), Performance (how successful the user was
on completing the task), Frustration (the insecurity, dissatis-
faction, or discouragement the user felt during the task).

The independent variables considered were product con-
textualisation (Context and Neutral Context) and Gender
(Male and Female).

C. INSTRUMENTS
A sociodemographic questionnaire was used to gather infor-
mation about previous experience with VR by asking when
was the last time subjects experienced VR and their level of
satisfaction with those VR experiences on a 5-point scale.
It also addressed whether subjects had previously purchased
a refrigerator.

Another questionnaire (after the experiment) addressed
whether users felt clarified about the product functionalities
and the product size, all using a 5-point Likert scale.

Memory questions were based on Mania et al. [40] study,
which includes questions about specific details about the
refrigerator: ‘‘What was the brand of the refrigerator?’’,
‘‘How many years of warranty had?’’, ‘‘How many drawers
had?’’, ‘‘Howmany compartments did the freezer have?’’ and
‘‘What was the lowest possible temperature for the freezer?’’.
Each has four possible choices, whereas 1 of them is the
correct one. For each question, users reported their confi-
dence level in their answer using a 5-point Likert scale from
‘‘No confidence’’ to ‘‘Certain’’.

The perceived workload was addressed using the NASA-
TLX [75] questionnaire that assesses workload on six ques-
tions, using 7-point scales, with the following scales: Mental
Demand, Physical Demand, Temporal Demand, Overall

Performance, Effort, Frustration Level. This questionnaire
has been used in multiple studies and was proven to be a
reliable and robust method to evaluate the users’ perceived
mental workload in tasks [76].

D. MATERIALS
The computer running the VR experiment was equipped with
an Intel Core i7-8700K processor, 32 GB RAM, and an
NVIDIA GeForce RTX 2080ti under a Windows 10 oper-
ating system. The head-mounted display was an HTC Vive
Pro equipped with a wireless module and two HTC Vive
controllers for interaction with 1440 × 1600@90hz per-eye
resolution.

Unity 2022 high-definition render pipeline was used to
build the application. The product considered for this study
was a double-door refrigerator with a freezer (Fig. 1 and 2)
with built-in ice and water dispenser. On one of the doors,
there was an interactive touchscreen (Fig. 3) where users
could check and modify the freezer and refrigerator temper-
atures, current date and time, alarm settings for open doors,
and choose between water and ice dispenser, and lock/unlock
the touch input. Participants were allowed to move physically
in 4m x 4m, so teleportation was unnecessary, and navigation
was done solely by physical walking.

In the Context condition, the refrigerator was filled with
food products, some of the standard sizes, such as milk or
wine, to give a sense of the size of the interior of the product.
The refrigerator was also presented in a home kitchen and
other contextual appliances and furniture. In addition, there
was an interactable instruction manual and a cup laid down
on the counter near the refrigerator to aid the users during
the interaction tasks with the refrigerator. In the Neutral
condition, the interior of the refrigerator was empty. It was
presented in an empty white room (the same room as Context
condition but without any furniture and appliances). The only
exception was a pedestal that was added by the side of the
refrigerator where the instruction manual and a cup rested.

E. PROCEDURES
Before the experiment took place, a consent form and
sociodemographic questionnaire were filled out by partici-
pants, and they were explained that the data collected was
anonymous.There was no danger to the participant in per-
forming the experiment, and they were free to withdraw at
any time without any consequences. Participants were further
explained how to use the controllers to interact with the envi-
ronment. Then a researcher assisted the participants in equip-
ping the VR headset. Half of the participants experienced the
Contextualized condition, while the other half experienced
the Neutral condition. Each participant only experimented
one of the conditions. Participants were balanced by gender
(8 females and 11 males in the Context condition and
9 females and 10 males in the Neutral condition).

Participants were placed in the virtual environment in front
of the refrigerator in both conditions. Then they were given
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TABLE 2. Description of the dependent and independent variables in the study and their sub-scales.

FIGURE 1. Top: Context condition. Bottom: Neutral context condition.

a series of tasks aimed at exploring the characteristics of the
refrigerator:

1) Inspect the exterior of the refrigerator.
2) Open the doors and check the insides.
3) Open and close all drawers inside the refrigerator.
4) Close all drawers and doors.
5) Open the freezer drawer and check its interior.
6) Close the freezer.
7) Pick up the instructions manual.
8) Decrease the temperature of the refrigerator to 3◦C.
9) Decrease the temperature of the freezer to its minimum.

10) Update the time and date to the correct ones (given by
the researcher).

11) Set up the open door alarm to 1m30s.
12) Deactivate the open door alarm.

FIGURE 2. Left: Refrigerator filled with food products in Context
condition. Right: Empty refrigerator in neutral context condition.

13) Lock and unlock the touchscreen.
14) Set dispenser mode to ice.
15) Pick up a cup to take some ice cubes from the ice

dispenser.
The researcher then helped the participant to unequip,

who then filled out the rest of the questionnaires. In the
end, they were asked to give their opinion of the experiment
(optionally).

F. STATISTICAL PROCEDURES
In one-way ANOVAs, the existence of outliers was verified
by visual inspection boxplots. The Shapiro-Wilk test veri-
fied the assumptions of data normality, and homogeneity of
variances was verified by Levene’s test of homogeneity of
variances. Because non-normality does not affect Type I error
rate considerably in one-wayANOVAswhen sample sizes are
equal [77], in the cases that data was not normally distributed.
Sample sizes were the same between groups (which was
the case for the Neutral and Context conditions), a one-way
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FIGURE 3. The touch screen UI of the refrigerator.

ANOVA would still be conducted. A Welch ANOVA was
performed for the cases where homogeneity of variances was
not met.

A Kruskal-Wallis H would be used when one-way
ANOVAs could not be performed. The distributions of scores
were verified by visual inspection of boxplots. For similar
score distributions, judgements about medians’ differences
would be made. For non-similar score distributions, judge-
ments based on differences in mean ranks would be done.

III. RESULTS
Means, standard deviations, medians, mean ranks and sig-
nificance levels for all dependent variables between Context
conditions, and genders, can be visualised in Tables 3 and 4.

A. FUNCTIONALITY CLARIFICATION
To investigate whether the context a product is presented
influences the extent to which users were clarified about the
product functionalities, we conducted a one-way ANOVA.
No outliers were found, and data were not normally dis-
tributed. The homogeneity of variances assumption was vio-
lated. Instead, a Kruskal-Wallis H test was used. Distributions
were similar between conditions. Size clarification medi-
ans were not statistically different between conditions
(χ2(1) = 0.419, p = 0.518).

A one-way ANOVA was conducted to investigate possible
differences between genders in Functionality Clarification.
Four outliers were found in the female group and data was not
normally distributed. Kruskal-Wallis H test was instead done.
Distributions were not similar between conditions. Size clar-
ification mean ranks were not statistically different between
genders (χ2(1) = 0.935, p = 0.334).
As for the groups with and without past VR experience,

we found no outliers, but data was not normally distributed
for either group. A Kruskal-Wallis H test was done. Distribu-
tions were not similar between conditions. Results show that
mean ranks were not significantly different (χ2(1) = 0.948,
p = 0.330).

B. SIZE CLARIFICATION
A one-way ANOVA was executed to investigate if the con-
text where a product is presented influences how users were

clarified about the size of the product. No outliers were
found, and datawere not normally distributed. Varianceswere
homogeneous. Results indicated no statistically significant
differences in Size Clarification between Neutral and Context
conditions (F(1, 36) = 1.087, p = 0.304).
A one-way ANOVA was done to investigate possible dif-

ferences between genders. No outliers were found and data
were not normally distributed. Kruskal-Wallis H test was
instead performed. Distributions were not similar between
conditions. Size clarification mean ranks were not statisti-
cally different between genders (χ2(1) = 2.840, p = 0.092).
No outliers were found in the Size Clarification variable

between users with and without past VR experience. Still,
data was not normally distributed, resulting in a Kruskal-
Wallis H test being conducted instead. Distributions were
similar between conditions. Results demonstrate thatmedians
were not significantly different (χ2(1) = 1.220, p = 0.269).

C. MEMORY
Memory scores were divided into two for this analysis.
We first investigated whether the user responded correctly
to questions related to the product, and then analysed their
overall confidence level.

1) CORRECT ANSWERS
Each correct answer is valued at one point, with a max of
five points (all right answers) and zero (all wrong answers).
A one-way ANOVA was conducted to evaluate if context
influenced users’ ability to remember the product charac-
teristics. No outliers were found. Data were not normally
distributed for the Context condition. Results indicated that
context did not influence significantly the extent users
remember the characteristic of the product (F(1, 36) =
2.586, p = 0.117).
As for gender, no outliers were detected, but data was

only normally distributed in the female group. A Kruskal-
Wallis H test was conducted. Distributions were similar
between conditions. The correct answers score medians were
not statistically different between genders (χ2(1) = 0.553,
p = 0.457).
No outliers were found for neither correct answers nor

confidence scores between groups with and without previous
VR experience. Data were not normally distributed for the
correct answers score in the group with past VR experience.
Therefore, a Kruskal-Wallis H test was performed. Distribu-
tions were similar between groups. Results from the Kruskal-
Wallis H test show that Correct Answers medians were not
significantly different (χ2(1) = 2.387, p = 0.122).

2) CONFIDENCE
The confidence score consisted of the mean score of all of
the five confidence questions that accompanied each question
about the product’s characteristics. A one-way ANOVA was
conducted to evaluate if context influenced how confident
users were about questions related to the product characteris-
tics. No outliers were found. Data were normally distributed
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TABLE 3. Descriptive statistics of dependent variables and their sub-scales between Context (n=19) and Neutral (n=19) conditions and significance level
(η2

p for ANOVAs and Cohen’s D for Kruskal-Wallis).

TABLE 4. Descriptive statistics of dependent variables and their sub-scales between male (n=21) and female (n=17) groups and significance level
(η2

p = 0.008 for ANOVAs and Cohen’s D for Kruskal-Wallis).

for both conditions. There was homogeneity of variances.
Results indicated that context did not influence significantly
the users confidence (F(1, 36) = 2.231, p = 0.144).
A one-way ANOVA was also performed to verify gen-

der differences in their confidence scores. No outliers were
detected and data was normally distributed for both groups.
There was homogeneity of variances. Results indicated that
gender did not influence significantly confidence scores
(F(1, 36) = 0.279, p = 0.601).

No outliers were found for confidence scores between
groups with and without past VR experience. Data were nor-
mally distributed. The homogeneity of variances assumption
was not violated in the one-way ANOVA. Results indicated
that there are no significant differences in confidence levels
between conditions (F(1, 36) = 0.232, p = 0.633).

D. PERCEIVED WORKLOAD
A one-way ANOVA was conducted to determine differences
in the different Workload types (Mental, Physical, Tempo-
ral, Performance, Effort, and Frustration) between Neutral
and Context conditions. Four outliers were found in the

Frustration variable in the context condition. Thus, for this
variable, a Kruskal-Wallis H test was performed.

No outliers were found in Temporal and Effort variables
between conditions. Mental workload data was not nor-
mally distributed in the Neutral condition as well as Physical
and Performance variables in both conditions. Nevertheless,
a one-wayANOVAwas still performed as the sample sizewas
equal between groups. There was homogeneity of variances
for all the workload related variables between conditions for
this one-way ANOVA.

Mental scores (F(1, 36) = 0.974, p = 0.330), Phys-
ical scores (F(1, 36) = 0.925, p = 0.343), Tempo-
ral scores (F(1, 36) = 0.269, p = 0.607), Performance
scores (F(1, 36) = 1.389, p = 0.246), and Effort scores
(F(1, 36) = 1.157, p = 0.289) were not significantly dif-
ferent between Neutral and Context conditions.

Distributions of user Frustration scores were not similar for
both groups. Kruskal-Wallis H test revealed that distributions
of scores were not statistically significantly different between
conditions (χ2(1) = 1.451, p = 0.228).
Due to no statistical differences between conditions,

we considered all the female sample vs. male samples to
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TABLE 5. Results for each hypothesis. R = Rejected, A = Accepted,
P = Partially Accepted.

identify possible differences between genders for all work-
load variables. Two outliers were found in Performance
scores in the male group. Other three outliers were detected
in Frustration scores, two in the male group and one in the
female group. Thus, we performed a Kruskal-Wallis H test
for these two variables. No other outliers were found.

Mental scores in the female group were not normally dis-
tributed as well as Physical scores in both groups, Perfor-
mance scores in the male sample, and Frustration scores in
both groups. The rest of the data was normally distributed.
Thus, a Kruskal-Wallis H test was performed for Mental,
Physical, Performance, and Frustration scores, and one-way
ANOVA for Temporal and Effort scores.

There was homogeneity of variances for both Temporal
and Effort scores. Temporal scores (F(1, 36) = 0.419,
p = 0.522), Effort scores (F(1, 36) < 0.000, p = 0.984)
were not significantly different between genders.

Distributions of Mental, Physical, and Frustration scores
were similar for all groups while Performance distributions
were not. Median score were not statistically significantly
different between genders for Mental χ2(1) = 0.184,
p = 0.668, Physical χ2(1) = 0.880, p = 0.348, and
Frustration scores χ2(1) = 0.032, p = 0.859. Performance
mean ranks were not statistically significant between genders
χ2(1) = 3.132, p = 0.077.
Comparing users with and without past VR experience,

in all the workload scales, outliers were only found in the
Frustration scale, one in each group. Data were not normally
distributed in Physical, Performance (the group with past
VR experience), and Frustration. Therefore, a Kruskal-Wallis
H test was performed for these scales, and for the others,
a one-way ANOVA.

Distributions were similar between conditions. Medians
were not significantly different between conditions for Phys-
ical (χ2(1) = 0.011, p = 0.915), Performance (χ2(1) =
0.073, p = 0.787) and Frustration (χ2(1) = 0.021,
p = 0.886) scales.

All the scales considered for the one-way ANOVA, met
the homogeneity of variances assumption. Results indicated
that Mental (F(1, 36) < 0.000, p = 0.993), Temporal
(F(1, 36) = 0.002, p = 0.962), and Effort (F(1, 36) =
0.117, p = 0.734) were not significantly different between
groups.

E. PARTICIPANT’s FEEDBACK
Participants were asked to provide further details by shar-
ing their thoughts about the experiment. Of the 38 partici-
pants, 18 shared their opinion. One subject suggested adding
more information about the product, specifically the price

and how eco-friendly the product was (power efficiency).
One of the participants that performed the Context condition
shared that, compared with his experience of a real environ-
ment, the virtual experience did not have some details. More
specifically, the participant mentioned the hands (they were
floating and not connected to a virtual body), and some reflec-
tions seemed erratic. Another participant mentioned that the
hands would pass through the virtual objects. Similarly, one
reported that the only technological problems were virtual
hands and screen resolution. Adding to the screen resolution
issue, another participant mentioned difficulties in reading
the text in the manual because it was a bit blurry. Regarding
the proportions and dimensions of the virtual space, in the
context condition, one participant mentioned that the virtual
world felt bigger when crouching to pick up a cup that fell to
the ground.

We identified two contrasting opinions regarding the real-
ism of the experience between the Context and Neutral con-
ditions: one of the participants that performed the context
condition stated that it felt like the tasks were being conducted
in a real kitchen like in the real world while another partici-
pant that performed the neutral condition said that although
everything looked normal and made sense, it felt like it was
not real.

Overall, the majority of the participants that commented
on their experience stated that the environment made sense
to them and there was nothing out of the regular, and the
product functionalities did what they were supposed to and
in helpful time. Some mentioned that it would help them in
their purchase decisions, and it was an interesting application
to be applied in the field.

IV. DISCUSSION
This discussion is divided into subsections, one for each
hypothesis. Results are synthesised in Table 5.

A. FUNCTIONALITY CLARIFICATION
We speculated that contextualisation would help users better
clarify the product functionalities. Results indicated no differ-
ences between a product being presented in a contextualised
environment or a neutral one led us to reject H1. The base
functionalities of the product might have been well known
by the participants because it should be a mundane and usual
appliance in the participants’ lives. If it was an unknown
product with functionalities that users had never experienced
and were unsure how they would help them, then displaying
and trying such a product in its usual context could havemade
a difference. We further speculate that because users were
focused on the task (reducing awareness of their surroundings
and therefore mitigating possible effects of visual complex-
ity) and because the tasks were the same between conditions,
the processed information should have been the same in this
regard.

We hypothesised that gender would have an impact
on how clarified users were about the product function-
alities. Results indicated no significant differences, thus
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rejecting H4. We suspect that participants were not willing
to buy a refrigerator at that time and knowing the experience
was only for research purposes might have led participants to
‘‘simulate’’ as if they were going to buy a refrigerator which
is different from really looking for one as there would be
money and logistics involved which would make them take
the experience more seriously in this regard (thus showing
the effects of the Selectivity Hypothesis [74]).

B. SIZE CLARIFICATION
The refrigerator is an equipment that requires a considerable
amount of space in someone’s kitchen. Its size should be an
important characteristic to be taken into account. The size
can sometimes be difficult to measure in VR without having
other objects with known sizes for a mental comparison to
exist. We hypothesised that presenting the refrigerator next
to kitchen appliances and furniture should improve how users
are clarified about the product size. The refrigerator’s interior
filled with food products, some of them in standard sizes
(such as milk or wine bottles), should have further improved
the user’s notion of the interior size because they would
serve as a comparison basis. However, the analysis revealed
that contextualisation did not have an effect. Thus, users’
levels of clarification about the product size were similar
whether presented near other objects (kitchen furniture and
appliances) and filled with food products, thus rejecting H2.
It could be that users might have used their height and the
size of the virtual hands as a comparison basis more than
the food products inside and the furniture around it. The
depth perception that IVR allowed could also have cued
users enough to have a more precise notion about the size
of the product. It could also be that users not knowing that
there would be a question regarding the size of the product
together with not looking to buy such a product and knowing
it was only an experiment could have led them just not to pay
attention to the product size.

Gender did not affect size clarification, which led us to
reject H6. Once again, it could be that users were not simply
looking for such a product to buy at the time of the experiment
and thus were not actively analysing how important the size
would be if they were to buy that product for their homes.
This could lead to gender differences, if any, to be mitigated.

C. MEMORY
Memorywas defined as the extent users can remember details
from the product they experienced and their level of confi-
dence about how certain they remember those characteristics
correctly. Contextualisation implies more visual complex-
ity. As indicated by state-of-the-art, such complexity may
influence the capability of users to focus and remember
correctly details of the experience [26], [40]. This analysis
shows that this was not the case as contextualisation did not
affect Memory, both in how correctly users remembered the
refrigerator characteristics and how confident they were in
those responses. As such, H4 was rejected.

Mania et al. [40] study, which compared rendering quality
(flat-shaded vs. radiosity), concluded that users performed
better in the less realistic condition. Thus, a possible justifica-
tion for this result is that, although both environments differed
in contextualisation. Therefore, the level of visual complexity
and the level of rendering quality did not change. Also, both
situations of being in an empty white room or a kitchen filled
with appliances and furniture, as well as seeing an empty
or filled refrigerator, are coherent and possible to happen in
reality. Therefore, if the realism level did not change between
contexts then user performance (regarding Memory) would
be similar.

Another possible justification was that participants per-
formed the same tasks between conditions, which could
reduce the effect ‘‘change blindness’’ and ‘‘inattentional
blindness’’ of information that is outside their attention
focus would have. Furthermore, Csikszentmihalyi’s theory
of flow [30] explains that users focused on a task can lose
awareness of their surroundings. Therefore, although there
was more visual complexity in the environment in the con-
textualised condition, the fact that users were focused on
their tasks could have led them not to be aware of their
surroundings and ultimately ‘‘ignore’’ the visual complexity
outside their focus span.

Due to the Selectivity Hypothesis [74] and how genders
pay attention to different characteristics in a product before
purchasing it, we hypothesised that gender would influence
the user’s Memory. H8 was rejected, and no differences were
found both in how correctly users remembered specific char-
acteristics of the product as well as their level of confidence
in their responses. The same possible justification discussed
in H1 (functionality clarification) could also be applied here.
If participants were not looking for such a product at that
time while also knowing it was a simulation of a possible
e-commerce application and not a real one could have led to
the mitigation of gender differences.

D. PERCEIVED WORKLOAD
We expected that the increase in visual complexity caused by
product contextualisation would influence the users’ work-
load. Although, we also speculated that because users were
guided by the researcher in doing a sequence of simple tasks,
they would be more focused on what they were doing and
not distracted by the surrounding environment, counteracting
the effect of the distraction of the visual complexity. From
the analysis done, we concluded that contextualisation did
not influence the perceived workload scales, thus rejecting
the H4 hypothesis.

Further work is necessary to understand if this lack of
workload differences could have been caused by the visual
complexity effect on increasing the workload being counter-
acted by the fact that tasks were relatively simple and with
no limit or scoring together with the user’s focus on the tasks
leading them to become less aware and thus less distracted by
the surrounding environment, or if none of the above verified.
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This presents evidence supporting that product contextual-
isation will not increase the user workload as long as they are
guided through a sequence of tasks with no time constraints,
keeping the users focused on the product yet aware of where
they are.

We speculated that the user’s workload would reflect this
evidence of how males and females process information dif-
ferently [74] when presented with a product to purchase.
Results led us to reject the H8 hypothesis. A possible jus-
tification for this result was already discussed: the fact that
users knew it was only an experiment and that no actual
product could be purchased at the end could have impaired
the differences reported in the literature. It is also likely that
participants were not actually looking for such a product
to begin with, not triggering the processes that distinguish
genders in the amount of information needed before purchase.

Another possibility is that users were guided equally
through the same tasks to get to know the product. Thus, users
did not get the freedom to explore the product on their own
terms, which could lead to one gender exploring the product
more in-depth and having a different workload type.

It is also possible that due to the tasks being simple and
not time limited and because there was no evaluation of
performance, participants’ workload was not high enough to
trigger differences between genders (if any).

V. CONCLUSION, LIMITATIONS AND FUTURE WORK
In this study, we investigated the concept of product contex-
tualisation under an IVE setup as well as differences between
gender. None of the hypotheses (clarification about product
functionalities, its size, how well users remember the prod-
uct characteristics, and the user’s subjective workload) was
accepted. Such put forward evidence that it would be prefer-
able to present products in a neutral context, reducing costs
related to human resources and computational needs to create
a contextual environment for the displayed product. Further
costs would also be spared as different context environments
would need to be done for different product types.

Regarding the study limitations, participants were likely
not looking to buy the product in the study (refrigerator) when
they performed the experiment. They were also aware that it
was solely an experiment and no product could be purchased
at the end. These factors could have led participants to act and
process information differently than what they would if it was
an actual purchase experience. We tried to use a product that
could have a use for everyone doing the experiment while also
being suitable to be tested in IVR. Although a refrigerator is
a product that is of use for everyone at home, the sample used
(the majority being university students) might have not been
that interested in the product either because they find it an
ordinary everyday appliance. Another possibility is that they
already have them in their homes, or if they live in university
dormitories, then it would be irrelevant for them because they
are not allowed to have such appliances in the dorms and
also because the buildings already have several refrigerators
to serve students.

When purchasing large and expensive items, people might
invite family members or friends to help them through the
item’s search, purchase, and transportation process. There-
fore, it would be valuable to check the impact of adding
a multi-user functionality in this type of IVR application
when analysing these types of items vs a single-user mode.
However, the type of item should consider the cultural ele-
ment of the sample being considered, as some might prefer
purchasing the product alone while others might want com-
pany during the process. There are also products that, due to
cultural reasons, people might feel uncomfortable checking
and purchasing in the presence of other people (such as
researchers, store employees, or friends either in physical
form or as virtual avatars in an IVR environment.

Considering the participants’ opinions of the experiment,
further work should address the full information/specs about
the product that would be available in a real purchase
event. The hands/virtual body could also be improved and
researched its impact. However, to keep the IVR application
feasible to be used in real-case scenarios, at the users’ homes
or physical stores, using trackers to properly replicate the
body movement could be a drawback in terms of costs and
logistics. Some participants mentioned the text in the manual
to be hard to read. Although participants could pick up the
manual and read it at the distance they liked, the text size and
available resolution might have made some participants very
close to the manual to read it clearly, which some might have
found challenging to do because of their eye convergence
limits.

In future work, a comparison between analysing the same
product in IVR or physically with different contexts (neutral,
within context) would be valuable. To further test the thresh-
olds of what consumers can ignore/accept in these types of
experiences, an incoherent context could also be added to
the investigation (such as showcasing a brand new car in the
middle of a laundry room). Further work could also focus on
leaving users to experiment with the product freely (without
a sequence of tasks being asked by the researchers).
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