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ABSTRACT

Virtual Reality applications have the goal of transporting their users to a given virtual environment
(VE). Thus, Presence is a consensual metric for evaluating the VEs' effectiveness. The present study
adapts the Presence Questionnaire (PQ) for the Portuguese-speaking population, maintaining the
validity of the contents and concepts, to ascertain the psychometric properties of the
instrument.The adaptation to Portuguese was achieved through the standard adaptation process
of translation and back-translation process. The sample consisted of 451 individuals (268 males
and 183 females). Factor reliability ranged from 0.63 to 0.86. Confirmatory factor analysis
produced a theoretical model of 21 items distributed among seven factors, where the covariance
between some residual item errors was established. The fit indices obtained were x?/df = 2.077,
GFl = 0.936, CFl = 0.937, RMSEA = 0.049, P [RMSEA < 0.05], MECVI = 1.070. Results obtained
allowed us to consider that the adapted Portuguese version of the PQ, with 21 items, forms a
robust and valid questionnaire whose use is recommended to evaluate Presence in virtual reality

ARTICLE HISTORY
Received 19 July 2018
Accepted 7 April 2020

KEYWORDS

Virtual reality; human-
computer interaction;
subjective evaluation;
presence

research programmes, provided that they use samples of the Portuguese language (Europe).

1. Introduction

Virtual reality (VR) is a technology that allows users to
interact with a simulated multisensory environment
and receive real-time feedback according to their per-
formance (Saposnik and Levin 2011). VR aims to trans-
port users to a virtual environment (VE) and, because it
differs from other technologies, such as television, allows
user interaction and immersion in the VE to which it is
exposed (Schuemie et al. 2001).

For a better understanding of the phenomenon of VR,
it is necessary to understand the concept of Presence,
which is specifically associated mainly with this technol-
ogy. Presence, as a concept in the context of VR, can be
characterised as a process in which the user feels con-
nected or involved in a given environment or given cer-
tain virtual stimuli (Schubert, Friedmann, and
Regenbrecht 2001; Lee 2004). According to Ellis (1996)
and Slater and Wilbur (1997), Presence is easily
defined as the sensation of being in a particular VR med-
ium while the body is in a different place. However,
many factors contribute to the development of the
sense of presence. Namely, the mechanisms to display
the virtual data and how users can interact with the sys-
tem (Sanchez-Vives and Slater 2005) being that more
natural interfaces and more coherent feedback from
the VE the higher the sense of presence developed

(Skarbez 2016). Such particularities add to the discussion
that, to elicit a sense of presence, credibility is a crucial
factor that should be at a level that is capable of deluding
the user’s perception (Bouvier 2008). In that line of
thinking, there is Slater’s proposal of two constructs
that explain the user experience in a VE: Place Illusion
and Plausibility illusion (Slater 2009). By Place Illusion,
authors refer to the classic concept of presence as the
feeling of ‘being there’ while Plausibility illusion is
associated with the credibility of the experience and to
which extent it has the capability of creating the illusion
that the virtual experience is real.

The growing popularity of VR technologies and appli-
cations demand proper tools for evaluating VEs. How-
ever, the existing metrics are mainly validated only for
the English-speaking population. If one intends to use
the same metrics in other languages, a naive translation
can not be enough as translation is also an interpretive
act and the true meaning of the original questions may
get lost in the translation process (Van Nes et al
2010). Therefore, there is a need for ensuring that
there are valid tools to assess Presence in other languages
to reach a broader audience. There are almost none
metrics that have been properly adapted and validated
to use with Portuguese (Europe) population. The main
objective of this research is to adapt and validate the
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Questionnaire of Presence for the Portuguese language
(Europe) by considering the semantics and the use of
valid concepts to adapt all questionnaire items. Using
the techniques of descriptive statistics and confirmatory
factorial analysis (CFA), the three versions of PQ are
here compared (19, 29 and 32 items) such that by
using the identified psychometric properties, and we
select the most robust version to be used in research pro-
jects in Portuguese. As output, we obtained a robust and
valid version of the PQ questionnaire whose use is rec-
ommended to evaluate Presence in VR with Portuguese
samples.

The remainder of the paper is organised as follows:
the Related Work section describes relevant work for
the purposes of this work, namely application fields
and subjective metrics for assessing Presence in VEs. Sec-
tion 3 (Material and Methods) describes the methods,
instruments, procedure and the sample of this study.
The fourth section (Results) presents the results obtained
from the adaptation and validation of the Presence Ques-
tionnaire for the Portuguese population. The Discussion
section discusses the results obtained against the original
PQ version and Conclusions section includes the final
remarks of the work.

2. Related work

Currently, VR encompasses a wide variety of opportu-
nities for use, particularly in a psychological therapeutic
context (Schuemie et al. 2001; Gerardi et al. 2010). Thus,
it is often employed as an alternative to the in vivo
exposure (Gerardi et al. 2010) that is used in the treat-
ment of different anxiety disorders (Emmelkamp et al.
2002; Cobb and Sharkey 2007; Gerardi et al. 2010) and
in treating acrophobia (Emmelkamp et al. 2001). Other
examples of pertinent works are in claustrophobia
(Botella et al. 1998), social phobia or social anxiety (Par-
sons and Rizzo 2008), fear of flying (Rothbaum et al.
1996), fear of driving (Wald and Taylor 2003) or cyno-
phobia (Suied et al. 2013).

VR is also applied in the treatment of post-traumatic
stress disorder (Rothbaum et al. 2001; Difede and
Hoffman 2002), in panic disorders with or without agor-
aphobia (Botella et al. 2007), and situations of paranoid
ideation (Freeman, Pugh, and Garety 2008). VR is also
used in other clinical contexts, such as surgical training
(Seymour et al. 2002; Gallagher et al. 2005; Ahlberg
et al. 2007) and neuro-rehabilitation contexts (e.g. recov-
ery after a stroke) (Gershon et al. 2004; Saposnik and
Levin 2011). The purpose of these simulations is to
acquire and improve capabilities that can later be used
in real contexts (Seymour et al. 2002).

In the sporting context, VR is used to understand and
overcome the limitations associated with the perform-
ance of athletes in situations of perception-action since
it enables the collection of data on their biomechanical,
physiological and neurological responses (Bideau et al.
2010).

Both corporate and governmental entities have
invested in this technology to create new conditions
and opportunities for training and learning through
VR simulations of military operations (Zyda 2005). For
example, to train pilots, both the Air Force and aeronau-
tical schools use this type of technology to develop the
skills that are required to handle an aeroplane. This
approach mitigates the risks and possible costs associated
with any damage caused by mistakes during the initial
stages of learning (Taylor et al. 1997).

Currently, there are several instruments designed to
evaluate Presence that range from objective metrics
such as physiological measures (Sheridan 1992) or
breaks in presence (Slater and Steed 2000) to subjective
metrics that include the as Slater-Usoh-Steed Presence
Questionnaire (SUS) (Slater, Usoh, and Steed 1994),
Presence Questionnaire (PQ) (Witmer and Singer
1998), ITC-Sense of Presence Inventory (ITC-SOPI)
(Lessiter et al. 2001), Igroup Presence Questionnaire
(IPQ) (Schubert, Friedmann, and Regenbrecht 2001),
the MEC-SPQ spatial presence questionnaire (Vorderer
et al. 2004), or the Temple Presence Inventory (Lom-
bard, Ditton, and Weinstein 2009).

The Sense of Presence has been widely studied by
different authors, being that different theories and
definitions have been proposed (please refer to Skarbez,
Brooks, and Whitton 2017 for a comprehensive overview
of presence theorising). For the purpose of this paper, the
authors will follow the definition of Slater and Wilbur
(1997) that define the Sense of Presence as the psycho-
logical sense of physically being in the VE. Consequently,
the PQ was the instrument adopted for this study as it is
the one that best characterises such definition of the
Sense of Presence. The PQ, developed by Witmer and
Singer (1994, 1998), is, perhaps, the most frequently
used instrument across a variety of research scenarios
(e.g- Renaud et al. 2002; Vora et al. 2002). Three theoreti-
cal models were proposed for the PQ: a 32 items version,
a 19 items version, and more recently a 29 items version.
The 32-item PQ version (Witmer and Singer 1994) was
the initial PQ proposal and was divided into seven
subscales:

¢ Sensory exploration: degree to which the user’s senses
are engaged to explore the VE;

¢ Involvement: degree to which the user is involved in
the virtual experience;



o Interface Awareness: awareness of the participant
regarding the display of the VE and the control
devices for interacting with it;

¢ Control Responsiveness: perception of how quickly
and properly the VE responds to the interactions of
the user;

e Reality/Fidelity: consistency between the virtual
experiences and the real world experiences;

e Adjustment/adaptation: how the participants adjust
to the idiosyncrasies of the VE.

e Immersion: sum of the total of all questions of all
subscales.

Using the factorial analysis technique, the PQ was
later revised and reduced to 19 items divided into three
subscales (Witmer and Singer 1998):

 Involvement/Control: perceived ability to control the
events that occur in the interaction with the VR
environment, the VE responsiveness to users’ actions,
the extent to which the visual aspects of the VE are
involving, and to which extent the user becomes
involved with the virtual experience;

o Natural: naturalness of the interactions, the extent to
which the virtual experience is consistent with reality,
and how natural is the locomotion experience in the
VE;

¢ Interface Quality: extent to which playback devices
interfere with the execution of tasks as well as the
extent to which this does not interfere with users’ con-
centration in performing tasks in a virtual
environment.

Later, however, the authors of the original model re-
evaluated the number of items needed. Thus, in addition
to the 19 previously selected items, three items for audi-
tory stimuli and two for tactile ones were added, as was
the case in the first version. In addition to these five, eight
more were added, bringing the questionnaire total to 32
items (Witmer and Singer 1998; Witmer, Jerome, and
Singer 2005). Subsequently, Witmer, Jerome, and Singer
(2005) conducted an investigation involving three
studies to determine the correct number of factors that
would represent the structure of the PQ in its final ver-
sion and relate them to the factors previously verified
in the previous version (Witmer and Singer 1998). An
initial analysis revealed six factors: Involvement, Audi-
tory Fidelity, Adaptation/Immersion, Interface Quality,
Consistent with Expectations, and Haptic/Visual Fide-
lity. However, authors performed additional factorial
analyses and calculation of the internal consistency of
the factors that resulted in the discard of the Consistent
with Expectations and Haptic/Visual Fidelity factors.
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Consequently, the 29-item revised version includes
four subscales (Witmer, Jerome, and Singer 2005):

¢ Involvement: perception of being involved by the VE
while interacting with it continuously;

 Sensory Fidelity: fidelity of the senses in the VE;

o Adaptation/Immersion: how individuals can feel the
various characteristics of the VE;

« Interface Quality: user’s ability to quickly adapt to the
interface and to the VE.

The translation and proper validation of these tools is
critical as a simple translation can compromise the vali-
date the original validity of the tool due to the subjective
interpretation of the questionnaire. Another factor is that
the proper language influences how the meaning is con-
structed (Van Nes et al. 2010). To be valid, the trans-
lation should minimise as much as possible the
difference in the interpretation of meanings across
languages (Polkinghorne 2005). Regarding properly
adapted and validated tools for measuring Presence
using Portuguese samples, to the best of our knowledge,
they are almost non-existent. Still, from the literature, we
can identify the Portuguese (Europe) version of the iPQ
(Vasconcelos-Raposo et al. 2016) and the Portuguese
(Brazil) version of the PQ (Rigoli et al. 2009; Silva
et al. 2016) that, despite the exploratory analysis, there
was no confirmatory analysis to validate it as a viable
option. Also, a Portuguese (Brazil) version might not
be suitable to a Portuguese (Europe) sample due to the
divergence between the two dialects due to the syntactic
and semantic factors (Gongalves, Cunha, and Silvano
2010; da Silva 2016). The main goal of this paper is to
provide a scientifically valid Portuguese version of the
PQ that maintains the psychometric properties of the
original English version of the PQ.

3. Material and methods

This study aims to adapt and validate the PQ for the Por-
tuguese-speaking population, maintaining a semantic
equivalent to the original version as well as the validity
of the contents and concepts through Confirmatory Fac-
torial Analysis. The study considers the three theoretical
models proposed by the original authors along the time:
the 32 item version, the 29 item version, and the 19 item
version.

3.1. Translation and cultural adaptation process

Initially, the original 32-item Presence Questionnaire
was translated through the back translation method fol-
lowing the methodologies proposed by Brislin (1970)
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and Hambleton and Zenisky (2010). Please note that the
32-item version is the longer version and the items that
compose the 29 and the 19 item versions are included in
the 32 item version. The translation was carried by four
researchers fluent in both English and Portuguese par-
ticipated in the translation. The areas of training of
researchers were Psychology, with a specialisation in psy-
chometrics, and Computer Science, with a specialisation
in VR. One of the researchers translated the instrument
from English to Portuguese. Then, three researchers per-
formed the translation from Portuguese to English with-
out checking their original format to analyse how this
translation compares to the original version (Freire and
Almeida 2008; Hambleton and Zenisky 2010). Later,
the validity of the content was studied by the same pro-
fessionals, each one indicating their agreement with the
inclusion of the questions in the proposed dimensions
in theory. Then, the percentage of agreement and rel-
evance of the items in the respective factors was esti-
mated using a 10-point scale (1 = not relevant, and 10
= extremely relevant), which was later converted into
the content validity index (Waltz, Strickland, and Lenz
1991). The results showed values higher than 80%,
which indicated the adequacy of the items and that the
respective factors cover them.

3.2. Sample

The sample consisted of 451 participants (268 males and
183 females) aged between 17 and 56 years (M=24.54;
SD=6.7). All participants were recruited from higher
education institutions located in the north of Portugal.
Five individuals were excluded because they presented
vision and nausea problems during the experiment. Of
the total, 81.9% mentioned some familiarity with virtual
reality equipment. Most (82.7%) had never used virtual
reality glasses, and 95.8% had never experienced any vir-
tual experience similar to the one they underwent in this
investigation (using the Oculus Rift Head Mount Dis-
play). Likewise, most of the participants had experience
in the use of computers ranging from a basic level
(11.3%) to intermediate (26.8%) and good (61.9%).
The frequency with which they play computer or online
games was 1 to 2 times a week (38.6%), 3 to 4 times
(15.7%), 5 to 6 times (10.6%), or every day (13.5%).
Most participants did not wear contact lenses (61.6%)
or hearing aids (99.3%).

3.3. Instruments

3.3.1. Questionnaire
The 32-item version of the PQ consists of a 32-item self-
report questionnaire, developed by Witmer and Singer

(1998), and comprises 7 subscales: Involvement (11
items), Natural (3 items), Interface Quality (3 items),
Resolution (2 items), Auditory (3 items), Haptic (2
items) and Immersion (8 items). All questions are pre-
sented on a five-point Likert scale.

3.3.2. Virtual environment
To evaluate the questionnaire, subjects were exposed to
virtual environments, which would provide different
stimuli to attempt to induce presence, and after which
they would answer the questionnaire. For the stimulus
itself, we used the VR experience ‘Don’t let go!” (Sky-
dome Studios 2014), a game-like app that consists of a
first-person experience where the user is behind a desk
and must hold both Ctrl keys while they are confronted
with a series of events intended to induce fear and cause
the user to release the Ctrl keys. This strategy sought to
ensure that participants did not release the Ctrl keys acci-
dentally; nevertheless, they could quit the experiment at
any time they wanted by knocking twice, as instructed.
For presenting the stimuli, an Asus N550JK-CN104H
laptop computer equipped with an Intel Core i7 4700HQ
CPU, an NVIDIA GeForce GTX850M with 4 GB DDR3
graphic card, and 16 GB of RAM with an added SSD
drive was used. To simulate the interaction, the subjects
had in front of them a Microsoft Wired 600 keyboard
that was not attached to the laptop. The headphones
used were the Bose QuietComfort 15 model, which pro-
vides very effective active acoustic noise cancelling. The
HMD used was the Oculus Rift DK2. The resolution
used was FHD (1920 x 1080) with an average framerate
of 60 FPS.

3.4. Experimental protocol

Once the required authorisation from the institutional
authorities (i.e. ethical committees) was obtained, the
experimental study started. Before each experiment, all
participants were informed about the procedures and
briefed about what to expect and how to proceed when
interacting with the elements presented in the virtual
environment properly. All participants were informed
that their participation involved no risk to their well-
being and that they could immediately abandon their
participation at any time they wanted to do so during
the experiment by knocking twice on the table where
they stood. Then, participants were asked to sign a free
and informed consent agreement, which formalised
their acceptance to take part in the study.

Each participant took an average of 15 minutes to
complete the experimental procedure. The virtual exper-
iment lasted approximately 3:45 minutes. A booth was
placed in the experimental room to isolate participants



from the surrounding environment during the exper-
iments. Inside the booth, there was a table where the
user stood, a keyboard, a pair of headphones, and the
Oculus Rift. Participants were assisted with putting the
equipment in place. Immediately after finishing this
phase, subjects were asked to go to another room
where they would fill out the PQ questionnaire in a
calm and serene environment. All collected data main-
tained the anonymity of the participants.

3.5. Statistical procedures

Descriptive statistics were calculated for each item and
each dimension (mean, standard deviation). The values
of skewness and kurtosis were also calculated to verify
the asymmetry of the distribution. Subsequently, Cron-
bach’s & was calculated to verify the internal consistency
of the data. The three theoretical versions of the PQ were
considered in all the statistical procedures.

To validate the PQ for the Portuguese (Europe) popu-
lation, an exploratory factorial analysis was performed.
Regarding the extraction of factors, the procedures
used were the principal component analysis and Vari-
max rotation. We accepted the recommendations of
Tabachnick and Fidell (2007) of .32 for the loading
factors.

To perform the confirmatory factor analysis, Amos
was used (v.20, SPSS, IBM Company, Chicago, IL,
USA) to test 3 theoretical PQ models proposed by the
authors of the questionnaire Witmer and Singer (1998)
and Witmer, Jerome, and Singer (2005). The adequacy
of the instrument was analysed through the fit indices
obtained. The statistical procedures have taken into
account the guidelines recommended by Kline (2011).

To evaluate the adequacy of the factorial structure, the
following indices were used: the x* (chi-square) score
indicates when the adjustment value is not significant
(p > 0.05); however, the results of this test perse are
questionable because of its vulnerability to the sample
size. Thus, in order to overcome this limitation, a correc-
tion procedure was used by calculating the ratio of chi-
square to degrees of freedom (df), represented by
X /df (Joreskog and Sérbom 1996). According to Mar-
0co (2014), the value 2.0 should be used as a reference
to determine the acceptance of the model. The CFI
(Comparative Fit Index) and GFI (Goodness Fit Index)
indices allow the quality of the theoretical model to be
evaluated and generate values in the range of 0 to I,
accepting results superior to 0.90 as indicators of good
model adjustment (Bentler and Bonett 1980; Mardco
2014)). We also considered the value 0.95 to be indicative
of very good model adjustment (Hu and Bentler 1999;
Mar6co 2014). For the RMSEA (Root Mean Square
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Error of Approximation), Mardco (2014) considers
that the value should be equal to or less than 0.10 to
show good model adjustment, with 0.05 being used as
an indicator of a very good adjustment (Mardco 2014).
Browne and Cudeck (1992), however, argue that
RMSEA should be equal to or less than 0.08, whereas
Hu and Bentler (1999) theorise that a value equal to or
lower than 0.06 should be considered. The adopted pro-
cedures have taken into account the recommendations of
Kline (2011).

The composite reliability and the mean variance
extracted for each factor were calculated using the for-
mula suggested by Mardco (2014). The existence of out-
liers was analysed by calculating the square distance of
Mahalanobis (D?), and the normality of the variables
was studied by checking the unequal and multivariate
skewness and kurtosis coefficients.

4, Results

To simplify the reading of the results, only descriptive
statistics (mean and standard deviation) and univariate
measures (skewness (SK) and kurtosis (KU)) of the fac-
tors are included here (see Table 1). The coefficients of
SK and KU were calculated for each item, with results
in the range from —1.501 and 0.702 and —1.078 and
2.193, respectively, which allowed us to confirm the nor-
mal distribution of the sample (|]SK|<<3 and
|[KU| < 10) Mardco (2014).

The analysis of the values of Cronbach’s « (see
Table 1) established that the internal consistency of the
data was good for the Auditory factor, with values higher
than .80. In the remaining factors, a satisfactory internal
consistency was verified, with values greater than .50 and
less than .80. The total internal consistency of the PQ was
good, with values greater than .80 (Cronbach’s
a = 0.833).

It is emphasised that the participants came from simi-
lar socio-cultural spheres and had similar experiences
with VR: 81.9% had some familiarity with VR. It was
found that this knowledge was based on an understand-
ing of how the technology works and not necessarily on
prior use. The percentage corresponding to the

Table 1. Descriptive and univariate analyses of the normality and
Cronbach’s a of the factors.

M + SD Skewness  Kurtosis Cronbach’s a
Involvement 20.17 £+ 2.70 —0.288 0.154 0.66
Natural 10.15 + 3.37 —-0.231 -0.193 0.66
Interface Quality 6.93 + —0.84 —0.161 —0.422 0.63
Resolution 7.62 + 1.73 —0.661 0.301 0.73
Auditory 8.80 + 1.28 —0.904 0.704 0.86
Haptic 4.65 + 2.12 0.326 -0.876 0.67
Immersion 20.02 £+ 2.95 —0.371 0.108 0.71
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withdrawal of 13 participants was also determined (2.9%
of the sample), which did not constitute a threat to the
internal validity of the data.

4.1. Confirmatory factor analysis

The factorial validity of the three versions of PQ was ana-
lysed by confirmatory factor analyses with the AMOS
software, as described by Mardco (2014). No variables
whose SK and KU values compromised the distribution
normality were observed (|]SK| < 3 and |KU|10). A set
of observations in which the D2 values suggested that
they were outliers were excluded before the adaptation
of the models. The general quality of fit of the models
was studied based on the indices and reference values
described by Mardco (2014): chi*/df, CFl, GFI,
RMSEA, P [RMSEA < 0.05] and MECVI. On the
other hand, the local quality of adjustment was analysed
through the factorial weights and the individual
reliability of the items. The adjustment of the model
was carried out from modification indices superior to
11, with p<0.01, as calculated by AMOS and based on
theoretical considerations.

In the execution of the confirmatory factor analysis, 3
theoretical PQ models were considered: the structure of
19 items (Witmer and Singer 1998), 32 items (the 19 of
the previous version plus 13 new items), and the 29 items
that consisted of an improved version of the 32-item ver-
sion (Witmer, Jerome, and Singer 2005). The Portuguese
adaptation of the PQ was tested in a sample of 451 uni-
versity students from northern Portugal, and the CFA
values are presented in Table 2. From the comparison
of the obtained models, the possibility of elaborating a
correction in the 19-item version was not considered,
eliminating one item that presented a negative factorial
load inferior to 0.3. The elimination of this item would
result in a scale of two items, which contradicts the rec-
ommendations of the speciality literature regarding the
minimum number of items per scale. It is reccommended
that an AIC value be taken as reference for the decision
regarding the model that best fits the sample studied.
When reviewing at the values obtained in the different
indices, however, we chose to select the scale that pre-
sented a higher number of indices that satisfied the
theoretically pre-defined decision criteria.

From the observed values (presented in Table 2), it
was verified that the 32-item version revealed the most
adequate adjustment results. Subsequently, several
measurement errors were correlated: el-e2, el-e6,
el-ell, e2-e6, e3-e8, e5-el0, e8-e9, e9-el0 belonging
to the Involvement factor; and e26-e27, e26-e29,
e27-e29, and 28-e32 relative to the Immersion factor.
These corrections allowed an improvement in the quality

Table 2. Confirmatory factor analysis results for the 3 versions of
the PQ questionnaire.
N y2/df GFl  CFl

RSMEA AIC MECVI

19-item 451 2928 0952 0936 0.065 199.632 0443
version

29-item 451 2794 0902 0.891 0.063 601719 1.338
version

32-item 451 2077 0936 0937 0.049 474583 1.070

version

of adjustment ()*/df =3.863, GFI =0.800, CFI
—0.733, RMSEA =0.080, P [RMSEA < 0.05],
MECVI =4169), but the adjustment was not yet
sufficiently robust to allow support for this theoretical
model. The items whose modifying indices indicated
their saturation in different factors from those to which
they originally belonged were then excluded. The
decision to remove the items was also based on the exist-
ence of factor loads with values lower than 0.4. Thus, 11
items were eliminated: 6 from the Involvement factor, 1
from the Interface Quality factor, 1 from the Auditory
factor, and 3 from the Immersion factor (refer to Appen-
dix 1 for a detailed description of the deleted items). The
model had 21 items in total, and these corrections
enabled the achievement of values with quality adjust-
ment (2/df =2.077, GFI =0.936, CFI = 0.937,
RMSEA = 0.049, P [RMSEA < 0.05], MECVI = 1.070).

4.2. Reliability and discriminant validity

The composite reliability obtained in each factor con-
sisted of the following values: Involvement (I) = 0.667,
Natural (N) = 0.675, Interface Quality (IQ) = 0.636,
Resolution (R) = 0.731, Auditory (A) = 0.869, Haptic
(H) = 0.679 and Immersion (Im) = 0.750. Overall, all
factors presented good composite reliability results,
with values above 0.7 or very close to this indicator. Sub-
sequently, the discriminant validity of the factors was
analysed by comparing the values of the mean extracted
variance (VEM) with the square of the correlation
between the factors (Mardco 2014). It is considered
that there is a discriminating validity when the VEM of
the factors is superior to the square of the correlations
of the same factors. It was found that the VEM of the fac-
tors varied between 0.351 and 0.77, whereas r? varied
between 0.001 and 0.166. Therefore, the comparison
between the VEM values and the squares of the corre-
lations between factors showed that there is a discrimi-
nant validity in all seven factors since all values of
VEM are higher than those of r>. Thus, the adequate
adjustment and validity results support the decision to
consider the theoretical model obtained with 21 items,
adapted to the Portuguese language, originally developed
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Figure 1. Theoretical model PQ for the Portuguese population.

by Witmer and Singer (1998) with 32 items, as the most
robust version of PQ. It is therefore advisable to use this
instrument in research projects with Portuguese
language samples (Europe). The final version is made
up of seven factors that combine 21 items that explained
58.5% of the variance: Involvement - 5 items, Natural - 3
items, Interface Quality - 2 items, Resolution - 2 items,
Auditory - 2 items, Haptic - 2 items, Immersion - 5
items (see Figure 1).

5. Discussion

In the research carried out in the area of VR, the Pres-
ence appears as a crucial concept in the understanding
and analysis of users” perception and satisfaction during
the virtual simulation. In this sense, and considering that
there is only one validated instrument for the Portu-
guese-speaking population that measures the human

lity
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experience in virtual simulations, it is necessary to
develop studies that allow the development or adaptation
of more psychometric instruments that can be used in
this area. It is emphasised that the instruments of evalu-
ation are associated with the cultural and linguistic
environment where they are developed; therefore, they
must be translated and validated if they are to be applied
in different environments. Two main works address Por-
tuguese samples: iPQp (Vasconcelos-Raposo et al. 2016)
and the Brazilian Portuguese version of the PQ (Silva
et al. 2016). Our work is an addition to this previous con-
tributes as is a viable and valid alternative for the iPQp
and the Brazilian Portuguese version of the PQ question-
naire does not present a confirmatory analysis that tes-
tifies its applicability to European Portuguese samples.
Also, we might have into account the possible impact
of applying a Brazilian Portuguese questionnaire to a
European Portuguese sample. There are psychometric
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properties and socio-cultural aspects that can affect the
participants’ understanding of the questions and their
answers (Gongalves, Cunha, and Silvano 2010; da Silva
2016).

This study aimed to validate the adaptation of PQ,
originally developed by Witmer and Singer (1998), to
the Portuguese language, using a sample of 451 univer-
sity students from the north of Portugal. In accomplish-
ing this adaptation, an analysis of the semantics and
content of the items was carried out in order to improve
the validity of the constructs and their internal consist-
ency. Comparing the obtained version with the original,
11 items were removed, but with the necessary changes
and corrections, good adjustment results were achieved
in all indices. The discriminant validity was verified in
all factors, and the calculated convergent validity values
were lower than desirable in three factors (i.e. Involve-
ment, Natural and Immersion) and desirable in the
remainder. Considering these results, the validation of
the final version of 21 PQ items for the Portuguese
language is accepted, and the alternative versions exam-
ined in this study are rejected. It is also emphasised that
the confirmatory factorial analyses carried out respects
the structure proposed in the original theoretical
model, and thus complying with validation theory
(Cheung, van de Vijver, and Leong 2011). These pro-
cedures allow an adaptation equivalent to the original,
even when using different cultural and linguistic groups,
allowing the maintenance of concepts and content that
guarantee the proper interpretation and effectiveness of
the instrument. Thus, for comparisons between sociocul-
tural contexts in the translation of items should consider
the necessary semantic adjustments in order to preserve
the intentional theoretical purpose of the items cross-
culturally. To further validate the different adaptations
of questionnaires across different sociocultural specifici-
ties, the use of objective metrics could be adopted to be
correlated with the subjective metrics.

6. Conclusions

The main contribution of this study was to conduct an
adaptation of the PQ to the Portuguese language that,
by maintaining its psychometric properties, is a scien-
tifically valid research tool that enables researchers to
study Presence with samples of Portuguese Language.
The main objective of this study was achieved, and
the results of the confirmatory factorial analysis revealed
that the 21-item version obtained, initially with 32
items, has excellent psychometric properties, which is
why the validation of this version is supported in Portu-
guese. The model initially proposed by the original
theoretical model was supported, despite the exclusion

of 11 items. Thus, this adapted version of PQ should
be used in VR research projects with Portuguese partici-
pants, given that this instrument is correctly validated
for this population. It is recommended that further
studies be conducted with this instrument in order to
deepen the information obtained here. Future research-
ers in this field should recruit a larger number of partici-
pants, possibly with more experience with VR
equipment, who also come from diverse socio-cultural
backgrounds.

We conclude with the recommendation to use the 21-
item version of PQ in VR research programmes, given
that the results achieved ensure that this instrument is
quite robust to measure Presence in Portuguese (Europe)
language samples. Note that the items of this version are
elaborated respecting the existent linguistic differences
that exists between the different Portuguese speaking
countries. Thus, it is recommended that researchers of
Portuguese speaking countries make the necessary

adjustments to their sociocultural (linguistic)
specificities.
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Appendices

Appendix 1. Presence questionnaire - validated
Portuguese version

(1) Quao natural te pareceram as tuas interagdes com o
ambiente?

(2) Em que medida os aspetos visuais do ambiente te
envolveram?

(3) Quao natural era o mecanismo utilizado para controlar
os movimentos através do ambiente?

(4) Quio convincente foi a sensagdo dos objetos estarem a
mover-se pelo espago?

(5) Quao consistentes te pareceram ser as experiéncias no
ambiente virtual em compara¢io com as experiéncias
do mundo real?

(6) Qudo bem conseguiste identificar os sons?

(7) Quao bem conseguiste localizar os sons?

(8) Quio bem conseguiste inspecionar ou pesquisar ativa-
mente no ambiente virtual utilizando o tato?

(9) Quao de perto conseguiste examinar objetos?

(10) Quéio bem conseguiste examinar objetos a partir de mul-
tiplos pontos de vista?

Quio bem conseguiste mover ou manipular objetos no
ambiente virtual?

Quio envolvido estiveste na experiéncia do ambiente
virtual?

Quio rapidamente te adaptaste a experiéncia no
ambiente virtual?

Quio a vontade te sentiste no final de experiéncia em
relacdo as acdes de mover e interagir com o ambiente
virtual?

Em que medida a qualidade da imagem reproduzida
interferiu ou distraiu na realizacio das tarefas atribuidas
ou exigidas?

Em que medida os dispositivos de controlo utilizados
interferiram no teu desempenho na realizagao das tarefas
atribuidas ou de quaisquer outras tarefas?

Quio completamente estavam os teus sentidos envolvi-
dos na experiéncia?

Estiveste envolvido na tarefa experimental ao ponto de
perderes a nogao do tempo?

Houve momentos durante a experiéncia no ambiente
virtual durante os quais te sentiste completamente con-
centrado na tarefa ou no ambiente?

Quado facilmente te adaptaste aos dispositivos de controlo
utilizados para interagir com o ambiente virtual?

A informacdo fornecida através dos diferentes sentidos
no ambiente virtual (p. ex., a visdo, toque ou audi¢do)
foi consistente?

(17)
(18)

(19)

(20)

21)

Appendix 2. Presence Questionnaire -
identification of items removed in the Portuguese
version

1 How-much-were-you-able-to-control-events?
25” ; | ; ; |

3 How natural did your interactions with the environment
seem?

10
11
12
13
14

15
16

17

18

19

20

21

22

23

24

25

26

28

29

30

31

32
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How much did the visual aspects of the environment
involve you?

u b did he audi » .

How natural was the mechanism which controlled move-
ment through the environment?

How compelling was your sense of objects moving
through space?

How much did your experiences in the virtual environ-
ment seem consistent with your real world experiences?

Were-you-able-to-anticipate-what-would-happennext-in
response-to-the-actions-that you performed?
How completely were you-able-to-actively survey-or search

How well could you identify sounds?

How well could you localise sounds?

How well could you actively survey or search the virtual
environment using touch?

How closely were you able to examine objects?

How well could you examine objects from multiple
viewpoints?

How well could you move or manipulate objects in the vir-
tual environment?

How involved were you in the virtual environment
experience?

u b delav did encel .

How quickly did you adjust to the virtual environment
experience?

How proficient in moving and interacting with the virtual
environment did you feel at the end of the experience?
How much did the visual display quality interfere or dis-
tract you from performing assigned tasks or required
activities?

How much did the control devices interfere with the per-
formance of assigned tasks or with other activities?
Hew-well-could-you-coneentrate-on-the-assigned-tasks-er
How completely were your senses engaged in this
experience?

Were you involved in the experimental task to the extent
that you lost track of time?

u entifo obiects throueh shvsical

> > >

Were there moments during the virtual environment
experience when you felt completely focussed on the task
or environment?

How easily did you adjust to the control devices used to
interact with the virtual environment?

Was the information provided through different senses in
the virtual environment (e.g. vision, hearing, touch)
consistent?
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