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ABSTRACT

The present study aims to translate and validate the Temple Presence Inventory (TPI) for the Portuguese
context, respecting the maintenance of an equivalent semantics as well as the validity of its contents
and concepts. This study also aims to verify the psychometric properties of the instrument (factor
validity and internal consistency). The sample consisted of 455 individuals (male = 271, female = 184).
The fidelity of the factors varied between 0.5 and 0.84. The confirmatory factor analysis produced a
theoretical model with 38 items distributed among eight factors. The covariance between some residual
errors of instrument items was considered, and the following fit indices were observed: y2/df = 2.073;
GFl = 0.858; CFl = 0.887; RSMEA = 0.049; AIC = 1527. The results confirm the appropriateness of the
version adapted to the Portuguese language of the TPl and that it can be used in research projects
aiming to evaluate Presence in the Portuguese-speaking population (Europe).

1. Introduction

Virtual reality (VR) technologies are very different from other
more traditional devices (e.g., television) (Schubert, Friedmann,
& Regenbrecht, 2001; Schuemie, van der Straaten, Krijn, & van
der Mast, 2001): they can take users on a journey to a multi-
sensory simulated environment (Saposnik & Levin, 2011) and
promote the stimulation and immersion of all senses (Psotka,
1995; Saposnik & Levin, 2011) and interaction with virtual
objects. These experiences are known to develop a sense of
presence in that simulated environment (Schubert et al., 2001).

Currently, VR is applied in several areas and contexts, such
as in a therapeutic environment, in the treatment of psycho-
pathologies (Cobb & Sharkey, 2007; Difede & Hoffman, 2002;
Gerardi, Cukor, Difede, Rizzo, & Rothbaum, 2010; Gershon,
Zimand, Pickering, Rothbaum, & Hodges, 2004; Powers &
Emmelkamp, 2008; Price, Mehta, Tone, & Anderson, 2011;
B O Rothbaum, Hodges, Ready, Graap, & Alarcon, 2001;
Barbara Olasov Rothbaum et al,, 1995), in pain tolerance
therapies (Czub & Piskorz, 2014), as well as in the training
of military assets (Taylor et al., 1999). In addition, it is
possible for these technologies to be useful in a sports context,
in order to overcome limitations related to athlete’s perfor-
mance (Bideau et al., 2010).

One of the goals of VR systems is to provide the user
with the illusion that the experience is direct and real, i.e.,
that it is not mediated by a computer (Brown, Ladeira,
Winterbottom, & Blake, 2003). This illusion induces a

sense of presence in the user, making him believe that he
is in the virtual environment. This characteristic distin-
guishes VR from previous technologies because it provides
a feeling of immediate proximity and control with the pos-
sibility of changing the visual stimuli through head and eye
movements (Psotka, 1995). Although there are some techno-
logical limitations depending on the type of device used,
most VR environments can easily create an attractive feeling
of presence, facilitated by the ability to control attention and
focus in that environment.

Presence can be defined as the feeling of “being there”,
which leads the user to be involved in fictitious environ-
ments or with certain virtual stimuli, such as people or
objects (Lee, 2004; Lombard, Weinstein, & Ditton, 2011;
Schubert et al., 2001). Ellis (1996) and Slater and Wilbur
(1997) described it as the sensation of people perceiving
themselves in the middle of VR while their own bodies are
in a different place.

Thus, the study of Presence in VR is crucial not only for
analyzing the effects of interactivity between users and
equipment but also to understand the psychological, physio-
logical, behavioral and social impacts of technological
advances in mediated devices (Lombard, Ditton, &
Weinstein, 2009; Lombard et al., 2011). For this purpose,
the authors developed the Temple Presence Inventory (TPI)
project that was based on an extensive review of the litera-
ture on research that uses virtual environments. The authors’
goal was to construct an instrument that was flexible,
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multidimensional and valid and reliable for application in
varied contents that would allow to measure the sense of
Presence felt by users. Thus, the TPI emerged as a self-report
questionnaire that enables the quantification of users’ VR
experiences. Initially, it consisted of 137 items, with 114
Presence items and the remaining items concerning addi-
tional questions related to beliefs, media usage habits and
demographic information. In this version, the instrument
had 5 dimensions of Presence: Spatial Presence/
Transportation, Psychological and Physical Immersion,
Perceptual Realism/Naturalness, Plausibility/Social Realism
and Engagement/Attention (Lombard et al., 2009, 2011).

Later, the TPI was modified by the authors and was reduced
to 42 items distributed over 8 dimensions: Spatial Presence,
Social Presence, Passive Social Presence, Active Social Presence,
Presence as Engagement, Presence as Social Richness, Presence
as Social Realism and Presence as Perceptual Realism. Its multi-
dimensional characteristic allowed it to include nearly all the
particularities of Presence (Lombard et al., 2011).

Although there is a set of Presence questionnaires available
in the literature, the majority was developed and/or validated
for English-speaking samples. Due to the sensitivity of such
instruments, a direct translation can compromise the variables
to be measured. Thus, there is a need to perform a proper
translation and validation to ensure that questionnaires main-
tain their original validity. The main objective of this research
is to translate and validate the TPI for the Portuguese lan-
guage (Europe). In this adaptation, it is considered funda-
mental to maintain equivalent semantics and the use of valid
concepts and content. Thus, by using descriptive statistics and
confirmatory factor analysis (CFA), it is proposed to verify the
psychometric properties of the instrument and thereby
recommend its use in research projects on Presence in
Portuguese-language samples.

2. Materials and methods

This section describes the translation and validation process
of the TPI for the Portuguese context, namely the sample, the
materials, the translation procedures, experimental procedure
and the statistical procedures.

2.1. Sample

The sample consisted of 455 individuals (271 males and 184
females) aged between 17 and 56 years (M = 24.54; SD = 6.7).
Five subjects were excluded due to vision problems and nau-
sea sensations. All participants came from similar sociocul-
tural backgrounds and similar experiences. Thus, all were
recruited from two separate higher education institutions.
Most of them did not wear eyeglasses or contact lenses
(61.5%) and did not wear hearing aids (99.3%). It was also
verified that a large portion of the participants, 81.7%, had
some previous knowledge about VR devices, but this had no
impact on the results obtained. Likewise, it was found that
82.8% had never used VR glasses and that 95.6% had never
participated in the virtual experience to which they were
submitted in this study. It was verified that all participants

had some experience with computers that varied across basic
(11.2%), intermediate (26.8%) and good (62%). Additionally,
it was observed that most of the participants played games on
computers: 1 to 2 times a week (38.9%), 3 to 4 times a week
(15.4%), 5 to 6 times a week (10.8%) and every day (13.4%).

2.2. Instruments

Presence questionnaire
The TPI developed by Lombard et al. (2009) is an evaluation
questionnaire in self-report format composed of 42 items that
have to be scored using a five-point Likert scale (1 = Strongly
disagree; 5 = Strongly agree). This instrument evaluates 8
dimensions of Presence:

(1) Spatial Presence (items: 7): sensation of the subject
feeling included in the virtual environment. To evalu-
ate this dimension, the questionnaire integrates speci-
fic questions about the movement, the manipulation
or the withdrawal of objects and virtual characters, as
well as the sounds of the environment, the visualiza-
tion of the experiment from different perspectives and
the need to interact with objects through touch and the
presence of a feeling of immersion in that virtual
environment.

(2) Active Social Presence (items: 7): active experience in
the virtual environment. This dimension is measured
with questions such as: the virtual characters are
aware of the presence of users; you can interact with
them; there is the possibility of the characters and the
user moving in the virtual environment; they are
inserted in the same space; they exchange words; or
there is interaction between them.

(3) Passive Social Presence (items: 4): passive experience
in the virtual environment, i.e., if it is possible to
observe the body language of the characters, their
facial expressions, changes in tone or voice, and the
style of clothing.

(4) Social Presence - Actor within Medium (items: 3):
responses to actions of virtual characters, such as
producing high-pitched sounds, smiling or speaking.

(5) Engagement (items: 6): involvement in the virtual
experience. Specifically, it evaluates the level of
immersion, involvement, sensory experience, realism
and the link to the plot.

(6) Social Richness (items: 7): wealth of sensory experi-
ence (impersonal/personal, antisocial/social, insensi-
tive/sensitive, dead/vivid, unresponsive/responsive,
not emotional/emotional and distant/near).

(7) Social Realism (items: 3): poses questions related to
the opinion of the subjects regarding the reality of
virtual events; that is, if in the opinion of the partici-
pants, the events to which they are exposed in the VR
have some possibility of occurring, could even occur
or would occur in the real world;

(8) Perceptual Realism (items: 5): perception of the vir-
tual environment’s resemblance to the real world with
regard to sounds, appearance, smells, touch and

temperature.



Translation and adaptation of the instrument

In the translation of the TPI, the back-translation method
(Brislin, 1970; Hambleton & Zenisky, 2011) was used with
two psychology doctorates specializing in psychometrics, and
two computer science doctorates specializing in VR. All
researchers were fluent in Portuguese and English. First,
the questionnaire was translated from English into
Portuguese by an investigator. Then, the same questionnaire
was translated back to English without verifying its original
configuration. This procedure produced the version used in
this study (Leandro S. Almeida & Teresa Freire, 2003;
Hambleton & Zenisky, 2011). Subsequently, the validity of
the contents of the items was evaluated by the same
researchers. Individually, each one demonstrated their agree-
ment or disagreement with the inclusion of the items in the
dimensions suggested by the theoretical model of the instru-
ment. Then, the percentage of agreement and relevance of
the items in the dimensions to which they belonged was
calculated. A 10-point scale was used for this evaluation,
where 1 = not relevant and 10 = extremely relevant, which
provided the content validity index (Waltz, Strickland, &
Lenz, 2010). The results allowed the inclusion of the items
in the respective factors, as the calculated values were above
80% for all items.

Data collection was initiated after it had been authorized
by the institutional authorities (ethics committees). The par-
ticipants were informed about the study’s objectives and that
they could withdraw from the trial at any time by tapping
twice on the table to alert the investigator. They were also
informed that their participation did not involve any kind of
risk or damage to their well-being. Finally, each participant
signed an informed consent form that ensured anonymity and
confidentiality. The questionnaire was completed individually
or in small groups of equal to or fewer than five individuals in
a quiet setting.

Virtual environment

Participants experienced a virtual environment where differ-
ent stimuli were presented with the objective of enabling the
subjects to achieve a sense of presence. For the effect, the
virtual simulation “Don’t let go!” (Studios, 2014) was used,
which consists of a first-person game format application in
which the participant sat behind a desk and had to hold down
both Ctrl keys while several stimuli appeared that aimed to
generate fear or stress and thereby induce the participant to
release the keys. Subsequently, they were asked to complete
the questionnaire.

For delivering the virtual experience, an Asus N550JK-
CN104H laptop equipped with an Intel Core i7 4700HQ
CPU, an NVIDIA GeForce GTX850M graphics card with a
4 GB DDR3 memory card and 16 GB of RAM in addition to
an SSD disk was used. During the test, participants used a
Microsoft Wired 600 keyboard that was not connected to the
laptop. The headphones used were the Bose QuietComfort 15
model that provided the effective isolation of acoustic noise.
The HMD used was the Oculus Rift DK2. It was possible to
apply an FHD resolution (1920 x 1080) with an average image
frequency of 60 FPS.
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Experimental procedure

Participants were previously instructed on the details of the
virtual experience and on the possibilities of response during
their interaction with virtual objects. Specifically, they were
instructed to keep the two Crtl keys pressed down for as long
as possible during the experiment. The entire experimental
process (virtual simulation and completion of the question-
naire) took approximately 15 min for each participant, with
the virtual experience lasting 3 min and 45 s.

In the room where the experiment was performed, a booth
was installed that allowed the participants to be insulated
from the outside environment during the test. Inside the
booth was the desk, the keyboard, the pair of headphones
and the Oculus Rift head mount display. Assistance was
provided to the participants to ensure correct equipment
placement. After completing the virtual experience, the parti-
cipants were directed to another room where they completed
the questionnaire (TPI).

Statistical procedures

Descriptive statistics were calculated for each item and each
dimension (mean, standard deviation). The values of skewness
(SK) and kurtosis (KU) were also calculated to verify the asym-
metry of the distribution. Subsequently, Cronbach’s alpha was
calculated to verify the internal consistency of the data.

To perform the CFA, Amos was used (v.20, SPSS, IBM
Company, Chicago, IL) to test the original theoretical model
of TPI proposed by Lombard et al. (2009, 2011), and the
adequacy of the instrument was analyzed using the fit indices
obtained. To evaluate the adequacy of the factor structure, the
following indices was used: the X2 (chi-square) score indicates
when the adjustment value is not significant (p > 0.05); how-
ever, the results of this test are questionable because of its
vulnerability to the sample size. Thus, to overcome this lim-
itation, a correction procedure was used by calculating the
ratio of x* to degrees of freedom (df), represented by y’/df
(Joreskog & Sorbom, 1989). According to Mar6co (2011), the
value 2.0 should be used as a reference to determine the
acceptance of the model. The Comparative Fit Index (CFI)
and Goodness Fit Index (GFI) indices allow the quality of the
theoretical model to be evaluated, generating values in the
range of 0 to 1 and accepting results superior to 0.90 as
indicators of good model adjustment (Bentler & Bonett,
1980; Maro6co, 2011). We also considered the value 0.95 as
informative of very good model adjustment (Hu & Bentler,
1999; Mardco, 2011). For the Root Mean Square Error of
Approximation (RMSEA), Mardco (2011) 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 to (Mardco, 2011). Browne and Cudeck
(1992), however, argue that RMSEA should be equal to or
less than 0.08, whereas Hu and Bentler (1999) theorize that a
value equal to or lower than 0.06 should be considered.

The composite reliability and the mean variance extracted
of each factor were calculated using the formula suggested
(Maroco, 2011). The existence of outliers was analyzed by
calculating the square distance of Mahalanobis (D2), and the
normality of the variables was studied by checking the
unequal and multivariate skewness and kurtosis coefficients.
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2.3. Results

To simplify the interpretation, in Table 1, only the values of
descriptive statistics (mean and standard deviation) and the
univariate normality measures (skewness and kurtosis) rela-
tive to the dimensions of the instrument are presented. The
SK and KU coefficients for the items ranged between —1.865
and 1.681 and —1.361 and 3.978, respectively, thus confirm-
ing the existence of a normal sample distribution (| SK | <3
and | KU | <10) (Maroco, 2011).

Table 1 shows that most of the factors presents a satisfac-
tory internal consistency of the items, with results higher than
0.50 and less than 0.80, except for the Engagement subscale,
which revealed an a value higher than 0.80. The total internal
consistency of the TPI was good, with a result of 0.915.

There were no threats to the internal validity of the data
during the experiment because all the participants came from
similar sociocultural environments and had similar experi-
ences. Most of the participants mentioned some level of con-
tact with VR (81.7%), but this familiarity was based on the
knowledge of the technology and its operation, not on actual
use. The sample dropout rate was 2.9% (N = 13) and was
assumed to pose no threat to the results.

Confirmatory factor analysis

The original theoretical model of the 42-item TPI proposed
by Lombard et al. (2009, 2011) was evaluated through CFA
with AMOS, as described in Mardco (2011). There was an
absence of variables whose SK and KU values suggested
abnormality in the distribution (| SK | <3 and | KU | <10,
see Maroco, 2011). With the Mahalanobis test (D?), four
outliers were identified and removed from the sample. The
overall quality of fit of the factor model was calculated based
on the indices and reference values described by Mar6co
(2011): y*/df, CFI, GFI, RMSEA, P [RMSEA < 0.05] and
MECVI. The quality of the local adjustment was analyzed
through the factor weights and the individual reliability of
the items. The adjustment of the model was performed with
modification indices above 11 and p < 0.001, predicted by
AMOS and based on theoretical considerations. In the first
analysis of the original TPI of 42 items, without any correc-
tions, the results revealed an inadequate adjustment for
some indices (y2/df = 2.661; GFI = 0.779, CFI = 0.792,
RMSEA = 0.060, P [RMSEA < 0.05], MECVI = 5.384).
Four outliers were identified and subsequently removed.
Then, the following measurement errors were correlated:
el-e5, e2-e7, e6-e7 of the Spatial Presence factor; e9-el4,
el0-el3 of the Active Social Presence factor; el5-el7, el7-

Table 1. Descriptive and univariate analyses of the normality.

No. of

items M £ SD Skewness Kurtosis
Spatial Presence 7 1718 £ 213 -0.736 1.211
Active Social Presence 7 2137 £ 430 —0.352 0.494
Passive Social Presence 4 14.02 + 337 -0.376 0.062
Social Presence — Actor Within 3 8.28 + 2.60 0.180  —0.049

Medium

Engagement 6 2466 + 3.66 —0.679 0.493
Social Richness 7 730 £ 412 —-0.601 0.341
Social Realism 3 8.10 + 2.77 0.169  —0.495
Perceptual Realism 5 13.86 + 3.87 0.128  —0.240

el8 of the Passive Social Presence factor; e23-e24, e26-e27 of
the Engagement factor; e29-e33 of the Social Richness fac-
tor; and e38-e39, e40-e41 and e40-e42 of the Perceptual
Realism factor. These corrections allowed an improvement
in the quality of adjustment with satisfactory results (y°/
df = 2.229, GFI = 0.822, CFI = 0.847, RMSEA = 0.052, P
[RMSEA < 0.05], MECVI = 4.640). To make the theoretical
model more robust and improve the adjustment values, five
items were removed, four of them belonging to the Spatial
Presence (according to the original variable names defined
by the authors, the items were window, touch and object)
factor and one belonging to the Active Social Presence
factor (as originally defined, the variable together was
removed). The removal of items was based on two criteria:
when the factor loads were too low, with values lower than
0.4, and when the modification indices revealed a saturation
of the items in factors other than those proposed in the
original version of the TPL These changes resulted in an
improvement, as expressed in the following indicators: y2/
df = 2.073; GFI = 0.858; CFI = 0.887; RSMEA = 0.049;
AIC = 1527,461 and MECVI = 3,412.

The original theoretical model of the TPI with 42 items
was analyzed in a sample of 455 university students from the
north of Portugal. As shown, this structure had satisfactory
overall adjustment indices, with the ratio y’/df showing a
good result, the GFI and CFI indices showing poor values
and RSMEA showing an excellent value.

Regarding the composite reliability of the factors, the fol-
lowing values were calculated: Spatial Presence (SP) = 0.576;
Active Social Presence (ASP) = 0.786; Passive Social Presence
(PSP) = 0.782; Social Presence - Actor Within Medium
(SOP) = 0.503; Engagement (ENG) = 0.836; Social Richness
(SRICH) = 0.738; Social Realism (SREAL) = 0.768; Perceptual
Realism (PR) = 0.761. Most of the factors presented good
composite reliability with values higher than 0.70, except for
SP (0.62) and SOP (0.50) factors.

The discriminant validity of the factors, which crucial for
validating the TPI, was determined by comparing the values
of the Mean Extracted Variance (VEM) with the square of the
correlation between the factors (r*) (Mardco, 2011). The exis-
tence of discriminant validity is verified if the VEM values of
each factor are greater than the squares of its correlations.
Thus, the VEM results obtained ranged from a minimum
value of 0.305 to a maximum value of 0.559, while values of
r* ranged from 0.018 to 0.260. Thus, when comparing the
values of VEM with the squares of the correlations, the pre-
sence of discriminant validity in all factors was observed, since
all values of VEM were considerably higher than those of r°.

The analysis of the results showed that there were adjust-
ment indices (i.e., GFI and IFC) that indicated values lower
than desirable; however, given the robustness of the sample, it
is possible to confirm the adequacy of the TPI model adapted
for the Portuguese population. Thus, this model can be used
in research projects conducted with Portuguese language
groups. The final model is composed of 37 items distributed
across eight factors: Spatial Presence - 4 items, Active Social
Presence — 6 items, Passive Social Presence — 4 items, Social
Presence — Actor Within Medium - 3 items, Engagement - 6
items, Social Richness - 7 items, Social Realism - 3 items,



Table 2. Item distribution and Cronbach’s alpha of the factors for the original
TPI version and for the TPI for the Portuguese population.

TPI revised
version for the
Original TPI Portuguese
version population
No. of No. of
Factors items a items a
Spatial Presence 7 0.58 4 0.62
Active Social Presence 7 0.79 6 0.77
Passive Social Presence 4 0.78 4 0.78
Social Presence — Actor Within 3 0.50 3 0.50
Medium
Engagement 6 0.84 6 0.84
Social Richness 7 0.73 7 0.73
Social Realism 3 0.77 3 0.77
Perceptual Realism 5 0.76 5 0.76
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Perceptual Realism - 5 items (refer to Table 2 for a detailed
overview and to Figure 1 for the theoretical model TPI for the
Portuguese population).

3. Discussion

At present, although several questionnaires have been devel-
oped to study Presence, only one instrument has been trans-
lated for use by the Portuguese-speaking population (the
IPQp; see Vasconcelos-Raposo et al., 2016). Thus, there is a
need for additional validated instruments for the Portuguese-
speaking population that allow the measurement of human
experiences when using VR equipment. The elaboration or
adaptation of psychometric instruments for this scope would

Spatial Presence

Active Social
Presence

Passive Social
Presence

Social Presence

21

Engagement

Social Richness

Social Realism

Perceptual Realism

Figure 1. Theoretical model TPI for the Portuguese population.
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allow the measurement of variables such as Presence, a crucial
element in the analysis of users’ perceptions and satisfaction
with virtual simulation experiences.

Thus, the present study proposed, as a main objective, the
Portuguese translation and validation of the TPI questionnaire
that was initially developed by Lombard et al. (2009, 2011). For
this purpose, a sample of 455 university students from the
north of Portugal was used.

When adapting the TPI, specific techniques (e.g., semantic
analysis and content of items) were used to increase the
validity of the factors and their internal consistency. In the
same sense, the factor analysis conducted maintained the
original structure of the theoretical model, thus respecting
the assumptions of validation theory (van de Vijver &
Leung, 2011). These details ensure correct instrument
validation.

After the modifications performed on the CFA, the adapted
version of the TPI for the Portuguese-speaking population is
composed of 38 items divided across the same eight factors
present in the original model. Overall, satisfactory modification
indices were found. The validity of the factors was evaluated by
comparing the VEM (Mardco, 2011, p62) values with the
squares of the correlations between factors. The results of the
average variance extracted were lower than desirable for most
factors, except for the Passive Social Presence and Social Realism
subscales. In the analysis of the internal consistency of the
factors, a higher value was found in Spatial Presence (a = 0.62)
compared to the value obtained in the original format suggested
by the authors (without removal of items & = 0.58). In contrast,
the alpha value found in the Active Social Presence dimension
was slightly lower than that obtained in the original instrument
format (a = 0.77 vs. « = 0.79). In the remaining dimensions, the
values of o remained the same.

Given the satisfactory results obtained and the robustness
of the sample used, the rejection of the TPI validation was not
considered.

The original version of the TPI was developed in a specific
cultural and linguistic environment, which means that its use in
diverse environments implies its translation and validation for
those populations. Thus, the adaptation of the TPI to the
Portuguese-speaking population was based on the theoretical
validation procedures, and a CFA was performed with the same
number of factors and respective items of the original theoretical
model. This action aimed at the achievement of equivalent mea-
surements, even considering a distinct cultural group.

4. Conclusions

The proposed objectives were fulfilled, and the results showed
that it is possible to validate the adaptation of the TPI to the
Portuguese language because this theoretical model has satis-
factory psychometric properties and the structure of eight
factors covering 38 items was confirmed.

This version of the TPI should be used in research projects
with samples of Portuguese language speakers because it is
already adequately adapted for this population and its psycho-
metric properties are already known, which allows its correct
interpretation and analysis. Further investigations with the
same instrument should be developed, however, which will

help certify the data presented in this article. In this sense, the
following studies should recruit a larger number of participants
who have more experience with VR equipment and who come
from different sociocultural backgrounds.

Thus, this adapted version of the TPI for the Portuguese-
speaking population is a valid tool for the evaluation of
Presence in VR, since the results obtained and the sample
used ensure that this instrument is acceptably robust and valid
for this purpose. Future work aims both to evaluate the
inclusion of more items to improve the reliability of factors
(namely the Social Presence — Actor Within Medium factor)
and to extend this validation to different populations to
improve even more the robustness the subscales.
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