N)
)
Check for
updates

Classifying Presence Scores: Insights and Analysis from Two
Decades of the Igroup Presence Questionnaire (IPQ)

TANH QUANG TRAN, TOBIAS LANGLOTZ, and JACOB YOUNG, University of Otago,
Dunedin, New Zealand

THOMAS W. SCHUBERT, University of Oslo, Oslo, Norway and Instituto Universitario de Lisboa
(ISCTEIUL)/CIS-IUL, Lisbon, Portugal

HOLGER REGENBRECHT, University of Otago, Dunedin, New Zealand

Presence, or the experience of being present in a computer-generated environment, is a defining element of
virtual reality. While there are different methodologies to measure presence, questionnaires remain the most
popular, particularly the Igroup Presence Questionnaire (IPQ). In this article, we analyse the results of over 20
years of IPQ usage to develop a new comparative means of reporting presence scores and comparing them
across existing and future work. We additionally report on correct and problematic usage of the questionnaire
and, through this, present guidelines on how to administer the IPQ in future to aid further analysis. Finally,
we present a new web-based tool to streamline the analysis and reporting of IPQ results, which we hope will
facilitate more standardised usage of the questionnaire in future research.
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1 Introduction

At the heart of Virtual Reality (VR) is presence: the feeling of “being there” in the virtual
environment [35], which is widely assumed to be a prerequisite for successfully using virtual
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environments. Technologically, VR is constructed using computer-generated, three-dimensional
environments that can be explored by users in interactive real-time. However, this sense of presence
is what sets a VR experience apart from traditional 3D interfaces. Or, in short: without presence
there is no VR.

While different approaches have been developed to measure this sense of presence, the adminis-
tration of post-experience questionnaires is by far the most popular as they are easy to administer,
and their analysis requires standard statistics. However, individual measurements obtained with
these questionnaires are difficult to compare across different studies without some kind of objective
rating scale, such as used for the System Usability Scale (SUS) [4]. This limitation is also true for
the Igroup Presence Questionnaire (IPQ), which enjoys increasing popularity within VR [56],
Telepresence [42] and Human—-Computer interaction research [58] as a way to evaluate immer-
sive experiences [56, 58]. This makes comparing new systems against existing work impractical,
especially in industry or field settings where A/B tests aren’t always possible.

In this article we analyse 1,771 papers that utilised the IPQ in order to develop an effective way
to compare results across studies. We identified 243 studies that reliably reported their results; this
is usually given in the form of an aggregated, averaged IPQ presence score, sometimes supported
with sub-scale scores or additional statistical information.

One particular issue encountered is the inconsistent quality of reporting IPQ scores, including
incomplete datasets and non-standardised questionnaire administration. These inconsistencies
prevent application of a traditional meta-analysis; however, it is still useful to place presence scores
into context. We have thus compiled the results of these studies into a distribution curve and
developed a ranking scale based on percentiles of this distribution.

Using this distribution, we define five classes to cover the range of scores possible; for a convenient
and quick contextualisation of a calculated mean presence score, one thus only has to refer to
Table 4 and Figure 4 of this article. For the first time, researchers can easily compare presence
measures obtained with the IPQ against existing and future work. Note that this can now be applied
not only to multi-condition studies in the lab but also to single-factor evaluations such as those
often seen in the field.

In addition to providing a distribution for overall presence scores, we provide distributions for
the three sub-scales of the IPQ: spatial presence (SP), involvement (INV), and experienced
realism (REAL), as well as for the single-item score for general presence (GP). Finally, because
the immersive characteristics vary across studies, we also analysed the display modalities of all
studies and provided the distribution curves for three commonly used display types: head-mounted
displays, monitors, and projection systems. Hence, in the same way as with the overall presence
score, authors can compare their measures against previous work.

We have made the findings of this work available online through a new web-based tool, IPQ
Cal,! which provides a detailed overview of existing IPQ results. Researchers can also upload the
results of studies using the IPQ and have all relevant analyses performed for them; the distribution
curve used for analysis will be updated to reflect the new data, meaning that the classes we have
identified will adapt to future experiments. Finally, IPQ Cal will also produce a report researchers
can use to disseminate IPQ results. With this tool, we aim to (a) make the analysis and reporting
of IPQ data more consistent and convenient, (b) dynamically update the IPQ scoring system, (c)
collect and provide raw data on IPQ measures, and finally, (d) conduct a meta-analysis of presence
scores in the future for more robust, comparative measures.

Ihttps://hci.otago.ac.nz/ipqcal/

ACM Transactions on Computer-Human Interaction, Vol. 31, No. 5, Article 61. Publication date: November 2024.


https://hci.otago.ac.nz/ipqcal/

Classifying Presence Scores: Insights and Analysis from Two Decades of IPQ 61:3

In summary, our contributions are:

—An analysis of prior IPQ use in the literature and recommendations for more consistent
reporting in the future;

—The development and provision of an IPQ-based presence score with an associated rating
scale, including sub-scales for presence and visual display characteristics;

—Guidelines on how to administer and report the IPQ in a standardised manner to facilitate
future analysis;

— A web-based tool to calculate, compare, and report on presence measures across studies to
encourage simpler and more consistent usage and analysis of the IPQ in future studies.

2 Background

The sense of presence has been widely studied during the past few decades, though what exactly is
meant by “presence” is still a point of debate. Within communication studies, presence is commonly
defined as the “perceptual illusion of non-mediation” while amongst VR scholars, presence is more
commonly denoted as the sense of being in the mediated environment or simply the sense of “being
there” With those different definitions and conceptualisations come different ways to measure
the sense of presence, including observations, physiological measures, and self-reporting through
questionnaires or interviews.

It is important to note the distinction between presence and immersion. There are several opinions
on the difference between these two concepts: Witmer and Singer [76] consider them as one and
the same, while Slater [61] and others consider them as distinct, with presence as a subjective
experience of the user and immersion a technological aspect of the system. We follow Slater et al’s
definition: immersion, as the richness and “surroundedness” of the technical environment, can be
objectively described by specifications or technical measures. The sense of presence, as a subjective
experience, cannot be so easily quantified.

Despite its subjective nature, presence questionnaires have been a large focus since the early
days of VR research, not just for the evaluation of different VR systems and techniques but also
to better understand the concept of VR itself. Early instances stemmed from pioneering work by
Barfield and Weghorst [5], Sheridan [59], and Steuer [62]. When only considering the number of
citations, not analysing the context of their citation, the most popular instruments are the ones
developed by Witmer and Singer [75, 76], Usoh et al. [70], Lessiter et al. [33], and Schubert et al.
[56]. Schwind et al. [58] produced an excellent tabular overview of presence questionnaires which
we present in Table 1 in an amended and updated form.

The Igroup Presence Questionnaire has remained popular since it was first introduced over 20
years ago, with over 2,000 citations as of the time of writing, and has recently been recommended as
the presence measure of choice due to its high reliability [58]. It is a compact and efficient instrument
and, according to Schwind et al. [58], takes about 2.5 minutes on average to be answered—less than
half the time needed for Witmer and Singer’s scale [75, 76].

The IPQ is based on the model that two main cognitive processes lead to a sense of “being
there”: (1) possible (bodily) actions in the environment and (2) the suppression of incompatible
sensory input. The possible actions process was mainly based on Glenberg’s concept of “meshed
sets of patterns of actions” [22] and the suppression process, including the necessary “suspension
of disbelief, built on Bystrom et al’s [8] work on allocation of attention to virtual stimuli.

The questionnaire is designed to evaluate these two factors of presence as a psychological expe-
rience and provide a score on a continuous scale for how intensely this sensation was experienced.
The questionnaire is composed of 14 items, each presented as a 7-point Likert-type scale to denote
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Table 1. Overview and Comparison of 16 Published Presence
Questionnaires

Authors Year Citations Items
Banos et al. [3] 1998 319 77
Barfield and Weghorst [5] 1995 378 5+1
Cho et al. [17] 2003 47 4
Dinh et al. [16] 1999 725 13+1
Gerhard et al. [21] 2001 125 19+4
Hartman et al. [24] 2015 228 20
Kim and Biocca [30] 1997 1,106 8
Krauss et al. [31] 2001 21 42
Lombard and Ditton [36] 2000 403 103
Lombard and Weinstein (TPI) [37] 2009 393 4-8
Lessiter et al. (ITC-SOPI) [33] 2001 1,502 44
Nichols et al. [43] 2000 314 9
Nowak and Biocca [44] 2003 1,204 9
Schubert et al. (IPQ) [50, 56,57] 2001 2,697 14
Usoh/Slater et al. (SUS) [60] 1994 1,692 3/6
Witmer and Singer (WS) [76] 1998 7,473 32

Original papers describing the IPQ are set in bold. Corrected and updated version
with data from the end of 2023 (original version by Schwind et al. [58]).

disagreement or agreement with a statement about the participant’s experience in the virtual envi-
ronment. These items fall into three sub-scales: SP, INV, and REAL, plus one GP question. Together,
these sub-scales indicate the participant’s experience of presence in the virtual environment. A full
list of items and their assignment to sub-scales in the IPQ is presented in Table 2.

Currently, researchers can use presence measurements to compare conditions or correlate them
with other data. Both applications are relative: one condition relative to another or one individual
relative to another. However, we are lacking a solution to assess and observe where the reported
values are located in the general distribution of presence scores across the academic literature. If
available, we could answer questions about the observed values such as: “Did manipulations in
the study lead to values that are at the upper end of the distribution?” or “Did a condition destroy
presence in such that it dropped to the very bottom?”. In a correlational study, one might ask: “Did
the individuals vary across the whole spectrum of the potential distribution?” or “Did they cluster
in a small segment?”. Vitally, one could finally answer the question: “How well has my system
invoked a sense of presence, and how well does this compare to other systems?”

A common approach for this type of comparative rating is to construct a percentile scheme,
which is widely used to analyse and classify data in various fields and applications. For example,
Falker et al. [19] applied percentiles to categorise different levels blood pressure and determine
when it might be considered “high,” identifying the 90th and 95th percentiles as thresholds to
determine normal blood pressure, prehypertension, and hypertension, respectively. Percentiles can
likewise be used to classify body mass index into different categories [73]; for children’s weight, the
95th, 85th and 5th percentiles are assigned as cut-off points for weight classes: obese, overweight,
normal weight, and underweight [14]. In bibliometric studies, there are four different schemas
used to classify bibliometric data [6]: two two-class percentile schemas and two six-class percentile
schemas. The first two-class schema uses the 90th percentile as the threshold value, while the
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Table 2. The Igroup Presence Questionnaire (IPQ) with Sub-Scales: Spatial Presence (SP), Involvement
(INV), Experienced Realism (REAL), and General Presence (GP)

Sub-scale Question

GP1 In the computer generated world, I had a sense of “being there”.
fully disagree [-3,...,3] fully agree

SP1 Somehow I felt that the virtual world surrounded me.
fully disagree [-3,...,3] fully agree

SP2 I felt like I was just perceiving pictures.
fully disagree [-3,...,3] fully agree

SP3 1 did not feel present in the virtual space.
did not feel [-3,...,3] felt present

SP4 I'had a sense of acting in the virtual space, rather than operating something
from outside
fully disagree [-3,...,3] fully agree

SP5 I felt present in the virtual space
fully disagree [-3,...,3] fully agree

INV1 How aware were you of the real world surrounding while navigating in
the virtual world? (i.e. sounds, room temperature, other people, etc.)?
extremely aware [-3,...,moderately aware,...,3] not aware at all

INV2 I was not aware of my real environment.

fully disagree [-3,...,3] fully agree

INV3 I still paid attention to the real environment.
fully disagree [-3,...,3] fully agree

INV4 I was completely captivated by the virtual world.
fully disagree [-3,...,3] fully agree

REAL1 How real did the virtual world seem to you?
completely real [-3,...,3] not real at all

REAL2 How much did your experience in the virtual environment seem consistent
with your real world experience?
not consistent [-3,...,moderately consistent,...,3] very consistent

REAL3 How real did the virtual world seem to you?
about as real as an imagined world [-3,...,3] indistinguishable
from the real world

REAL4 The virtual world seemed more realistic than the real world.
fully disagree [-3,...,3] fully agree

Items highlighted gray need reversing (multiplied by —1) before being combined with the other items to calculate
the total score for the questionnaire.
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second schema uses the 50th percentile. One six-class percentile schema was proposed by Thomson
Reuters’ Essential Science Indicators. The thresholds for the classes are the 50th, 80th, 90th, 99th,
99.9th and 99.99th percentiles. In contrast, Bornmann and Mutz [7] proposed a six-class percentile
schema with thresholds for classes at the 50th, 75th, 90th, 95th and 99th percentiles.

In the following, we present our work analysing usage and reported results of the IPQ to create
such a percentile scheme, thereby opening a pathway for providing classifications and baselines
when assessing presence using the IPQ.

3 Method

We start our analysis of the IPQ by reviewing past studies found in the academic literature through
the PRISMA methodology [45]. This initial step also helps us to get a better understanding of how
the IPQ has been used. Refer to Figure 1 for a flowchart depicting our publication aggregation
process.

3.1 Identification of Relevant Publications

In the first step, we identified all publications that cite or refer to the IPQ. To achieve this, we
used Harzing’s Publish or Perish tool,? which uses data from sources such as Google Scholar and
Microsoft Academic Search, to facilitate complex queries and analysis. After some initial tests,
we identified and used the following keywords for our search: “Igroup Presence Questionnaire,”
“I-Group Presence Questionnaire,” “IPQ,” “Presence,” and “Schubert”. We identified 2208 publications
using these keywords. Besides publications that referenced the original paper describing the IPQ,
we also found papers that cited other research using the IPQ. Similarly, apart from the original
paper, several other papers published by the original IPQ authors that described the prior studies
and the design of the IPQ [50, 57] were also occasionally mentioned.

After manually reviewing all 2,208 publications, we excluded 222 that appeared in multiple
searches. We also excluded 215 papers not written in English as the IPQ is also available in German,
French, Dutch, Portuguese, and Japanese. This left us with 1,771 publications for further screening.

3.2 Exclusion Criteria

In our analysis, we are only interested in publications in which it is clear that the IPQ was utilised
in a study to measure presence. Subsequently, we excluded:

—713 papers which only mention the questionnaire without actually using it

—22 publications which report study results but do not make it clear whether the IPQ was
administered

—One paper which provided a Portuguese translation of the IPQ

—The original paper from Schubert et al. defining the questionnaire.

One hundred five additional publications were excluded as we could not access the original
document. This left 929 publications in which the IPQ had been used to measure the experience of
presence. In selecting a subset for our analysis, we took a very conservative approach to ensure
that our data would be reliable. We thus excluded:

—20 studies that were reported in multiple papers, in which case we kept the original paper
and removed the duplicates.

— 249 papers that only included some items or sub-scales of the questionnaire instead of using
it in its entirety.

Zhttps://harzing.com/resources/publish-or-perish
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Identification of studies via databases and registers

Records removed before
screening

Records identified from: Duplicate records removed (n = 222)
Databases (n = 2208)

'

Records screened (n = 1771) '—b Records excluded (n = 737):
Did not use the IPQ (n = 713)

Did not clearly mention that the IPQ
was used (n = 22)

Records removed for other reasons
- not reported in English (n = 215)

Identification

A translation of the IPQ into another
language (n =1)

The original IPQ publication (n = 1)

v
Reports sought for retrieval (n = 1034) '—>| Reports not retrieved (n = 105)

'

Reports assessed for eligibility (n = 929) Reports excluded (n = 700):

Screening

Did not fully report scores or

rating scale (n = 399)

— Did not include all IPQ items (n = 249)
Used the outdated 13-item IPQ (n = 31)

Reported the same study in multiple
articles (n = 20)

A 4

=

"§ Studies included in review (n = 243) The version of the IPQ used was
E Reports of included studies (n = 229) unknown (n = 1)

Lo}

Fig. 1. PRISMA flowchart illustrating our publication aggregation procedure.

—399 papers that used the IPQ but did not fully report their results or did not mention which
rating scale was applied for the questionnaire. We focused on collecting mean and standard
deviation statistics for presence scores, so papers reporting only median scores were excluded.
We also removed papers where the necessary statistical estimates could not be extracted.

—31 papers that used an older 13-item version of the IPQ instead of the official and most popular
version with 14 items.

—One paper whose version of the IPQ could not be verified.

3.3 Included Publications

These exclusions left us with 229 suitable papers for our analysis. These reports are on 243 individual
studies, with 12 papers containing more than one study. Between them, these studies involved a
total of 9,354 participants who completed the IPQ. The selected papers report on studies conducted
between the years 2003 and 2023, with an increasing number in more recent years (see Figure 2).
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Fig. 2. Number of selected studies published per year from 2002 to Q3 2023.

The papers we identified have several characteristics that are beneficial for our analysis. Each
reported on at least one unique study and minimally reported the means of scores for the question-
naire and/or its sub-scales and/or its items. In addition, these papers report on the rating scales
used for the IPQ, allowing us to transform all reported scores into a common scale. These papers
also provided details of experiments with the number of participants for each conducted user study.

4 Initial Observations

A first analysis of the selected papers already allows for some first observations regarding the use
of IPQ but also identified inconsistencies when using the IPQ and reporting on the results.

4.1 General IPQ Usage

When looking at the aggregated publications, we can already see a wide range of publication venues
ranging from psychology and behavioural science outlets (e.g., Cyberpsychology, Behavior, and
Social Networking; Computer in Human Behaviors; CyberPsychology & Behavior; CyberTherapy
and Rehabilitation; and Anxiety Disorders) to classic venues for VR research (e.g., Presence: Teleop-
erators & Virtual Environments, Computers & Graphics, the IEEE Virtual Reality Conference, and
the ACM Symposium on Virtual Reality Software and Technology). The IPQ has, in particular, seen
increasing usage from the HCI community (e.g., the ACM CHI Conference on Human Factors in
Computing Systems).

This wide usage is even more apparent when looking at the application domains that the IPQ
has been applied to. We found that the IPQ was a popular measure for evaluating Virtual Reality
Exposure Therapy (VRET) (e.g., [41, 64]); here, the IPQ was used to investigate “... whether the
virtual world in this experiment established a reasonable level of presence to evoke the anxiety..”
[23, p. 7] or “...different components of presence are associated with the experience of fear and
treatment response to VRE[T]..” [47, p. 7]. Furthermore, there are studies investigating the impact
of VR technology and how users perceive and perform in education and training applications [12,
77]. The IPQ was also utilised in game and entertainment applications (e.g., [34, 46]), social and
psychological studies [20, 40], design and visualisation systems [32, 55], and experiments with
different interaction techniques [29, 67]).

As a post-study measurement, the IPQ is commonly administered after participants have com-
pleted their tasks in the experimental environment, meaning after they have left the virtual envi-
ronment. While some studies are unclear about when and how the IPQ was used to assess presence
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in their experimental procedures, recent papers have started to explore the application of ques-
tionnaires within VR or inside the experimental environment [1, 58]. For the IPQ and presence
questionnaires in general, the authors have observed advantages in completion time when the
questionnaire is administered within VR. However, the key message seems to be that administering
the IPQ within does not change the measured feeling of presence but can reduce error variance [58].

When looking at the number of participants using the IPQ, we observe a significant varia-
tion between studies. We found that, on average, 38.5 (SD = 34.8) participants responded to the
questionnaire in each study. However, in some cases, fewer than ten participants completed the
questionnaire [10, 18], while in others, more than 150 participants completed it [2, 78].

Most of the selected studies used the original IPQ 7-point Likert-type scale, but some studies used
different versions of scales, e.g., 5-point or 4-point Likert-type scales. Of the 243 studies included in
our analysis, we observed the following Likert-type scales in use:

— [0, 6]: 118 studies

—[1,7]: 75 studies

—[-3, 3]: 30 studies

—|1,5]: 13 studies

—|1, 6]: three studies

—10,3], [0,5], [0,10], [1, 10]: one study each

4.2 ldentified Inconsistencies in IPQ Usage

One particular issue in analysing IPQ scores is the inconsistency in the use of Likert-type scales.
The IPQ was originally designed with a 7-point Likert-type scale in mind, but various alternative
scales have been applied to the IPQ since its introduction. Some studies used a scale from 1 to 7
[2, 48], while others adopted a 5-point Likert-type scale, such as in a translation of the IPQ into
Portuguese [71]. There are also studies that did not mention the scale used. These inconsistencies
can result in misinterpretation of the level of presence experienced when trying to compare different
publications and their reported presence scores.

These inconsistencies are also present in how scores are aggregated. Some authors report means
and standard deviations of scores for the whole questionnaire [63, 68], while others report values
for each item [25, 53]. Median values for records are also sometimes provided [9].

As with several other presence questionnaires, the IPQ treats the concept of presence as a multi-
factor phenomenon. Consequently, the IPQ is constructed from four components, namely GP, SP,
INV, and Realism. According to the original IPQ proposal, each component plays its role in the
overall feeling of presence [56]. However, some papers have extracted one or more components
or sub-scales of the IPQ in order to evaluate only the component they are interested in [49, 66]).
For example, the INV sub-scale was extracted from the IPQ in order to investigate the level of
immersion of participants in a study with a VR simulator by Hock et al. [26]. Reinhard et al. [52]
examined the impact of SP on the usability of navigation systems. However, by taking only a
subset of the questionnaire, one has to acknowledge that what was measured is not presence but
only one part of the overall experience, and thus, no direct conclusion with respect to presence
can be drawn.

We furthermore identified research that applied the IPQ outside of VR to measure presence
in Mixed Reality (MR) or Augmented Reality (AR) [11, 38, 65]). Presence is relatively well
understood in VR but comparatively underexplored in MR or AR. Only a few studies provided
measurements for these environments (e.g., [51]), and thus it is tempting to use the IPQ. However,
the IPQ has not been validated for use outside of VR, and so one has to be careful with the results
and their interpretation [69].
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In conclusion, we identified 243 unique studies that utilised and reported the results from the
entire IPQ, resulting in presence measures from 9354 participants across multiple disciplines and
applications. However, as expected, this broad utilisation also results in usage not necessarily
foreseen when the IPQ was originally proposed. While some implementations of the IPQ may
not affect its general validity (e.g., administering the questionnaire virtually) or can make the
questionnaire more widely available (e.g., by translating it into different languages), unvalidated
use, such as isolating individual sub-scales or applying the questionnaire to MR/AR experiences
[69] requires further research and any results obtained should be treated with caution.

5 Developing Baselines for Comparatively Reporting Presence Measurements

After looking into the general usage of IPQ, we aimed to establish general baselines and categories
for future studies based on reported IPQ presence scores. To provide indicative baselines or ab-
solute scores, we conducted a two-step approach on the 243 studies analysed: (1) we collected
the aggregated mean scores of the IPQ for the entire questionnaire and its sub-scales, and (2) we
formed distribution curves from the aggregated data and created ranking classification scales.

Based on the aggregated and cleaned data, the next step toward developing an IPQ presence
ranking scale is the analysis of prior measurements. More specifically, this section will address
how we transform the available data to create distribution curves that we visualise to give a first
insight into past presence measurements achieved with the IPQ. We provide details for the chosen
approach, which attempted to account for some of the limitations that arise from incomplete data
in prior studies.

5.1 Data Distribution

After conservatively selecting 243 individual studies to examine, we extracted the reported mean
IPQ scores from each, transformed these scores to a consistent [—3,3] scale, and created the
new distribution of IPQ rating scales shown in Figure 3. Although there are differences in the
number of participants for the aggregated studies, not all reported the distribution of their presence
measurements and so we weight all means equally when establishing the distribution. From the
distribution and results of several normality tests, it can be observed that the collected mean values
are not normally distributed (see Table 3).

The data is approximately symmetric (skewness = 0.18, kurtosis = —0.55); however, the distribution
is platykurtic. In addition, the centre of the data distribution is shifted to the positive anchor of
the rating scale. The mean (M = 0.4) and its confidence intervals (95% CI [0.28, 0.42]) are all higher
than the middle value of the scale at “0.” On the 7-point Likert-type scale (from —3 to 3), 50% of the
overall average presence scores range from 0.01 to 0.72.

Researchers who utilise the IPQ can now use this distribution to determine how their evaluated
experiences compare to existing work. If, for example, an overall average presence score of 1.25 is
calculated, it can be located between the scores of the 230th and the 231st study in the distribution,
starting from the first study at the left end of the distribution. This implies that the score is higher
than 94.2% of the scores reported in previous studies, or in other words, it is in the 94th percentile
of the collected data.

5.2 Ranking Classification Scale

The data distribution presented in the previous section provides an initial overview of presence
measurements, which can be useful for interpreting IPQ results. In this section, we demonstrate
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Fig. 3. Distribution with a kernel density estimation curve (bandwidth = 0.19 and asymptotic mean integrated
square error (AMISE) = 0.01) of aggregated mean values of rating scores for the entire questionnaire from 243
user studies (M = 0.4, SD = 0.5, Mdn = 0.3, Q1 = —0.01, Q3 = 0.72).

Table 3. Results of Normality Tests for the
Aggregated Mean Scores from 243 Studies

Test ‘ ‘ Statistic  p-value

Shapiro-Wilk W =0.99 p=0.20
Cramer—von Mises || W-Sq =0.14 p=0.04
Anderson-Darling || A-Sq¢=0.68 p=0.08

how we created a first-ranking scale for IPQ presence measurements using the distribution. Similar
to the IPQ itself, which gains some of its popularity due to its ease of use and simplicity, the aim of
the ranking scale is to provide an easier and simpler method to interpret and report IPQ presence
scores in a constructive way.

When establishing the classification we would ideally like to follow the statistical technique of a
meta-analysis. This technique is for integrating or synthesising results from different “independent”
and “combinable” studies to quantitative and pooled outcome data [27, 39]. A meta-analysis of
the IPQ scores would include results for the questionnaire from studies using this measurement.
However, not all of the studies using the IPQ report the scores for each item or for both means
and standard deviations for each sub-scale or for the whole questionnaire. For that reason, we
applied a specialised approach using only mean values. This parametric method might be biased
if distribution assumptions are violated, but it is usually fairly robust. For our analysis, we only
considered papers that reported on studies which applied the IPQ in the prescribed way and
reported on their results in a way that the results could be replicated. Our specialised approach had
to be based on aggregated data of reported IPQ scores instead of actual raw data, which is rare to
find in the literature.

To interpret IPQ measures of a given sample in an absolute manner without a specific compari-
son sample, we suggest comparing them to all previously published IPQ scores, either using the
whole questionnaire or specific sub-scales depending on what is being evaluated. Recognising
the characteristics of the collected data, we created a classification based on the reported over-
all average presence scores in each study and organised them into ranked bins (or classes) of
percentiles.
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Table 4. Overall Ranking Scale for the IPQ Rating Scores with Ranges
of Scores and Statistics for Each Ranking Class

}éell:sl;ing Score Range Repor’:\eIgnSll)lf;igsf Mean 5D
Exceptional Hﬁ?’g]] ( 4.9;02) 153 021
Very High %11395,7,1 IP%;’) ( 4'951%2) 117 0.07
Hgh | e (5o 0% 00
Moderate {552"?’5)%) 2 4.7;3 051 0.14
Low % §0P52‘”8”)) ( 49;;1) —0.08 0.30

We propose the following class names and percentile thresholds based on the schema by Born-
mann and Mutz [7]:

—Exceptional :  Above the 95th percentile [Posy, 3]
—Very High:  Above the 90th percentile [Pogh, Posth)
[

—High : Above the 75th percentile [ P75, Pootn)
—Moderate : Above the 50th percentile [ Psotn, Prsin)
—Low : Below the 50th percentile [-3, Psoh)

There are various methods to calculate percentiles or 100-quantiles (or quantiles in general)
for a data sample. Hyndman and Fan [28] presented nine different definitions of quantiles with
three discontinuous functions and six linear continuous functions. These definitions and functions
are widely implemented for calculating percentiles and quantiles in statistical packages. Wicklin
[74] compared these definitions for calculating sample quantiles in SAS. Among the definitions,
we chose the sixth definition (R-6) of sample quantiles for calculating percentiles for our ranking
scale.® This definition is based on linear interpolation and was also presented by Weibull [72].

Table 4 presents an overview of reported scores from the aggregated user studies on the IPQ,
while Figure 4 illustrates the ranking scale with classified categories. This provides, for the first
time, different baselines or absolute measures for the sense of presence that can be used to compare
future IPQ presence scores with past studies and their reported presence scores.

5.3 Visual Display Modalities

Researchers and practitioners often want to know the effects of immersion (technological sur-
roundings) factors on presence, and so we were also interested in investigating the impact and
contribution of different visual display modalities.

3When there are n non—mlssmg values in the order x1, x2,..., x,, for an evaluated variable in the sample, where y is the kth
percentile and quantile p = 100 As a result, the percentlles at 50th, 75th, 90th, 95th and 99th are 0.5, 0.75, 0.9, 0.95 and 0.99
quantiles, respectively. Set (n + 1)p =j + g, where j= | (n+1)p] andg=(n+1)p — ] The percentile y is computed as in the
equation below where x;, is applied for x,+; (where x; is the jth order statistics.): y = (1 — g)x; + gxj41.
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Fig. 4. Illustration of our ranking scale with the representations for each class: Low, Moderate, High, Very

High, and Exceptional, and its range on the corresponding 7-point Likert-type scale.

Table 5. Descriptive Statistics of Rating Scores for Each Type of the Visual

Displays
Visual Display \Mean SD  Pson Prsn Pooth  Posin
3D-HMD 0.5 040 083 1.17 135
3D-Monoscopic —0 2 0.6 —0.10 0.17 047 0.68
Projection Display 05 023 060 073 0385
Overall Score 0.6 028 073 1.05 1.29

Overall Score represents statistics of scores from studies reporting scores for each visual
display.

Sixteen of the 237 studies in our sample compared display modalities directly thus, they have
IPQ scores for different display types. Consequently, we have 253 IPQ score entries from 223
publications presenting the results of 237 user studies.

Three different display modalities were identified:

—(3D-HMD): Three-dimensional head-mounted displays (3D-HMD), including virtual and
MR HMDs such as the HTC Vive and Microsoft Hololens. These were used in 180 user studies.

—(3D-Monoscopic): Monoscopic displays such as desktop monitors or mobile phone screens.
These were used in 39 user studies.

—(Projection Display): Displays that are projected onto their surroundings, e.g., CAVEs. These
were used in 34 user studies.

Levene’s test for homogeneity shows that the variance in presence scores for visual displays
met the assumption of homogeneity (F = 1.49, p = 0.23). We used the obtained Welch’s adjusted
F-ratio (23.37), which a one-way ANOVA (a = 0.05) found to be statistically significant (p < 0.001),
indicating a significant difference in IPQ rating scores between visual displays. We applied Tukey-
Kramer adjustments for multiple comparison tests when there were significant differences between
the display characteristics. The test results showed significant differences in IPQ rating scores
between 3D-HMD and 3D-Monoscopic (p < 0.001), between 3D-HMD and Projection Display
(p = 0.003), and between 3D-Monoscopic and projection displays (p = 0.02). Note that these
comparisons were calculated at the sample level.

In general, 3D-HMD had the highest mean presence score (M = 0.5, SD = 0.5), while 3D-
Monoscopic had the lowest average presence score (M = —0.2, SD = 0.6). Table 5 presents statistics
for the visual display modalities, and Figure 5 shows their ranking class ranges.
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Fig. 5. Distribution of rating scores for each type of visual display. *Overall score from 237 studies reporting
scores for each visual display, and **Overall score from all 243 studies. (3DHMD: 3D-HMD, 3DMono: 3D-
Monoscopic, and Projection: Projection Display).

5.4 Sub-Scales

We additionally consider different aspects of presence: GP, SP, INV, and REAL. The GP component
has only one item which is used as a direct question to assess the extent to which participants
feel presence in the experiment; statistical analyses have shown that this sub-scale has strong
correlations with other sub-scales in the questionnaire. However, one question is not sufficient to
evaluate a multi-dimensional phenomenon such as presence, which is why there are other sub-
scales: SP, INV, and REAL. In this section, we present the classification schema for these sub-scales
and additional correlations between them, showing a strong connection between the IPQ sub-scales.

After aggregating the data, we handled and analysed the distribution of mean scores for all
sub-scales (sub-scales average scores) using SAS software. We found that the distributions of sub-
scales mean scores are roughly symmetric (-1 < skewness < 1) and (with the exception of REAL)
platykurtic with light tails (kurtosis < 0). Normality tests using three different methods showed
that the mean scores for the REAL sub-scale are not normally distributed, while those for the GP,
SP, and INV sub-scales are normally distributed. The skewness value for the SP average scores is
closest to 0, while INV has the closest kurtosis value to 0. In addition, the distributions for mean
scores of the GP, SP, and INV are shifted towards the positive anchor of the Likert-type scale, with
mean scores slightly higher than zero at 0.9, 0.8, and 0.3, respectively. In contrast, the distribution
for mean scores of the REAL sub-scale is shifted towards the negative anchor, with a mean of —0.3
(lower than zero).

Table 6 summarises normality test results for sub-scales average scores. Table 7 shows the
skewness and kurtosis values and kernel density estimation statistics for the distributions for
average scores distributions for the sub-scales, while Figure 6 displays the distributions and their
kernel density estimate curves for mean scores of all sub-scales.

Out of the 243 studies, only 162 reported scores for each IPQ sub-scale. Similar to the ranking
scale for the whole IPQ score, we assigned the range for the ranking classes of sub-scale average
scores based on the percentiles at 50th, 75th, 90th, and 95th. We found that GP has higher rating
scores than the other sub-scales, followed by SP. As a result, these sub-scales have higher threshold
values than those for INV and REAL. The top 5% of scores for SP are above 1.99, while the threshold
for “Exceptional” class of GP is 2.10. In addition, 50% of scores for GP and SP are at or above 1.00
and 0.72, respectively. The thresholds for “Exceptional” and “Low” classes for INV are 1.28 and 0.26,
respectively. Among the sub-scales, the average score on REAL is below zero. The range of scores
for this sub-scale is between —1.76 and 1.35, while the range between “Low” and “Exceptional”
classes for this sub-scale is between —0.37 and 0.95. Overall, Figure 7 and Table 8 present the
distribution statistics for these sub-scales from 162 reported studies.
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Table 6. Results of Normality Tests for Mean Scores of Sub-Scales from 162

Studies
Sub-scale H Test Statistic ~ p-value
Shapiro-Wilk W=099 p=0.10
General Presence Cramer-von Mises W-S¢=0.10 p=0.12
Anderson-Darling A-S¢=0.58 p=0.13
Shapiro-Wilk W=099 p=0.50
Spatial Presence Cramer-von Mises W-Sqg=0.09 p=0.14
Anderson-Darling A-S¢g=0.51 p=10.20
Shapiro-Wilk W=099 p=0.68
Involvement Cramer—-von Mises W-Sq=0.05 p>0.25
Anderson-Darling A-S¢=0.31 p=>0.25
Shapiro-Wilk W =0.98 p=0.006
Experienced Realism || Cramer-von Mises W-S¢=0.18 p=10.01
Anderson-Darling A-Sqg=1.14 p=0.006
Shapiro-Wilk W=099 p=023
Overall Cramer—von Mises W-Sqg=0.11 p=0.09
Anderson-Darling A-Sq=0.57 p=0.14

Table 7. Descriptive Characterisations of Mean Values for Each Sub-Scale with
Kernel Density Estimates with Asymptotic Mean Integrated Square Errors (AMISE)
and Bandwidths of Their Distributions

Kernel Density Estimation .
Sub-scale Bandwidth AMISE Skewness Kurtosis
Spatial Presence 0.29 0.01 0.10 —-0.36
Involvement 0.25 0.01 0.23 —0.05
Experienced Realism 0.18 0.01 0.47 0.54
General Presence 0.33 0.01 -0.20 -0.58
Overall Score | 0.21 0.01 0.19 -0.13

Overall Score represents statistics of scores from studies reporting scores for each sub-scale.

We also conducted Spearman’s correlation tests to investigate the relationship among the IPQ
sub-scales and between the sub-scales’ average scores and the overall average presence scores of
the questionnaire. Table 9 shows the results of the tests. It can be seen that there were significant
strong correlations between the overall and the sub-scales scores: SP (r; = 0.88, p < 0.001), INV
(rs = 0.83, p < 0.001), REAL (r; = 0.66, p < 0.001), GP (rs = 0.88, p < 0.001).

In addition, we found that GP had a significantly strong correlation with SP (r; = 0.77, p < 0.001)
and INV (rs = 0.64, p < 0.001) sub-scales and a significantly moderate correlation with REAL (r; =
0.44, p < 0.001). As described by the IPQ authors [56], GP correlated more strongly with SP than
with INV and REAL. Note that these relations were observed at the sample level, meaning that
samples with high average levels on one scale also had high average levels on other scales. In
contrast, typical analyses within a sample level established such relations on the individual level.
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Fig. 6. Distribution with kernel density estimation curves of aggregated mean values of rating scores for
sub-scales of the questionnaire: (Bottom Right) SP (bandwidth = 0.29, AMISE = 0.01), (Bottom Left) INV
(bandwidth = 0.25, AMISE = 0.01), (Top Left) REAL (bandwidth = 0.18, AMISE = 0.01), and (Top Right) GP
(bandwidth = 0.33, AMISE = 0.01).
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Fig. 7. Ranking scale for each sub-scale of the IPQ. *Overall score from 162 studies reporting sub-scales
scores, and **Overall score from all 243 studies. (SP: Spatial Presence, INV: Involvement, REAL: Experienced
Realism, GP: General Presence)

Table 8. Descriptive Statistics for Each Sub-Scale in the IPQ from 162
Collected Studies

Sub-scale || Mean SD P50th P75th P9Oth P95th
Spatial Presence 08 07 072 130 174 1.99
Involvement 03 0.6 0.26 0.76 1.06 1.28
Experienced Realism || —0.3 0.6 -0.37 -0.03 043 0.95
General Presence 09 07 100 150 191 210
Overall Score |l 04 06 034 080 116 132

Overall Score represents statistics of scores from studies reporting scores for each
sub-scale.
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Table 9. Results of Spearman’s Correlation Tests between Sub-Scales: Spatial Presence (SP),
Involvement (INV), Experienced Realism (REAL), and General Presence (GP) in the IPQ from

162 Studies
SP INV REAL GP Overall Score
T P T p T p rs p | P
SP 1.00 < 0.001 0.65 <0.001 044 <0.001 0.77 <0.001 | 0.88 <0.001
INV 0.65 <0.001 1.00 <0.001 047 <0.001 064 <0.001 | 083 <0.001
REAL 044 <0.001 047 <0.001 1.00 <0.001 044 <0.001 | 066 <0.001
GP 0.77 <0.001 0.64 <0.001 044 <0.001 1.00 <0.001 | 088 <0.001

OverallSCoreH 0.88 <0.001 083 <0.001 0.66 <0.001 088 <0.001 1

Overall Score represents mean scores from studies reporting scores for each sub-scale.

6 Discussion

We presented our work on analysing IPQ presence measurements from past studies with the aim
of developing IPQ ranking scales that in the future can be used for aiding the interpretation of IPQ
presence measurements. However, during the development of our initial IPQ presence distribution
curves and the IPQ ranking scales, we had to overcome several limitations in the available IPQ data.
In the following, we will provide a critical discussion of the identified limitations and consequently
our approach.

6.1 Usage of Data Distributions and Ranking Classification Scales

As mentioned before, IPQ scores are usually calculated as part of comparative or A/B studies.
However, with VR increasingly leaving the research labs, A/B studies are not always desired or
feasible. In particular, in industry environments or field studies, it is often not possible to introduce
a second condition for comparison.

Our approach is addressing this gap. From the distributions of the aggregated scores, users of
the IPQ can identify where their scores lie within those distributions and, thus, how their VR
experiences compare to existing ones. However, since each user study is conducted with its specific
research questions, requirements, and apparatus, we also provide ranking scales for each visual
display modality and IPQ sub-scale to cater for more fine-grained comparisons across studies.

There might be effects of visual display modalities on how users perceive the level of presence
in virtual environments. 3D HMDs generally provide a higher level of presence as the differences
between this display technology and others, including monoscopic 3D and projection displays,
are significant. However, the rating scores on presence between 3D Monoscopic and projection
displays are not significantly different. Here, further investigations are necessary on the relationship
between immersive characteristics and presence. One neglected aspect might be the grouping of
all projective systems into one category.

In addition, the range of scores for each sub-scale is slightly different to some degree. When the
score from only one of the sub-scales is presented, its class in the sub-scale ranking scale should be
considered as a measure of the capability of generating that aspect of presence only. Among the
sub-scales, REAL received the lowest scores, which are in line with the original findings by Schubert
et al. [56]. A generally sufficient fidelity was provided by the studies we analysed; increased realism
(e.g., higher resolution displays) does not necessarily lead to proportionally higher gains in presence.
On the other hand, the scores on the other sub-scales lean toward the highest point. In particular,
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we found that the relationship between GP and SP is strong, indicating that the spatial aspect of
the virtual environment makes the strongest contribution towards feeling present within it.

In general, we would like to establish a classification scheme for IPQ scores for all kinds of studies.
There are different factors which contribute to the sense of presence. This leads to differences in the
rating scores between different VR application domains. We combine scores from all domains and
with this, the classification derived from the scores can be used to classify the scores from these
domains. Our classification provides users of the IPQ with an overview of their collected scores in
comparison with data from previous studies. We argue that each examined technique should be
compared with its similar domain technique.

With the currently available data and classifications, researchers are able to compare the confi-
dence intervals of their sample to the overall distribution of the IPQ. All measurements suffer from
error variance. Every presence measurement has a confidence interval. If an observed sample is
small, its confidence interval may, in fact, span two or three categories of our classification. In that
case, assigning one category would be meaningless or assigning a very precise absolute number of
presence would not be possible.

There are three main purposes for the classifications and data distributions. First of all, they
provide a means to compare scores with the pool of available data in the community. From those
comparisons, the users of the IPQ can figure out where their scores are located in relation to
others. They, then, can correlate the impact of their conditions on the scores and enhance their
system in order to induce higher levels of presence, if desired. Secondly, the classifications and data
distributions of IPQ scores can lead to better, simplified, and comparable reporting on the presence
scores. Finally, the classifications and data distributions present an alternative method to interpret
the meaning of the rating scores. The users of the questionnaire will no longer have to presume
that their scores are high enough, low, or equal to the middle point of the Likert-type scale (or
equal to 0). Instead, they have the option to report their scores more objectively.

Based on our classifications and data distribution, researchers can already draw useful conclusions
without creating separate distributions. They can link the properties of our data set with the
properties of their own system. Imagine, for instance, a system using a “hypnotic” soundtrack
that increased presence. The researcher tests this using a desktop setup. A comparison with our
data set shows that the control condition is squat in the middle of the distribution, while the
soundtrack version is in the 95th percentile, both with small confidence intervals. The researcher
can then conclude that their manipulation lifts their simple desktop setup to the level of more
sophisticated systems that use much more advanced technology. This is exactly the kind of inference
our classification and data set would contribute.

Overall, if possible, we recommend using the general ranking scale to compare and judge the
level of presence of implemented systems in comparison with previous studies regardless of the
difference between technologies and sensory feedback. The sense of presence is a complex, multi-
dimensional construct and deserves to be measured in that way. While sub-scales might inform
specific design and development aspects they are not necessarily indicative of the achieved overall
presence.

6.2 Guidelines for Future Administration and Reporting of the IPQ

From our analysis, it is clear that IPQ usage has been inconsistent since the questionnaire was
first introduced. Many studies omit certain sub-scales, use different scales for Likert responses, or
report their results in a non-standard way, all of which can make comparisons between studies
difficult. To encourage more standardised reporting and make future meta-analysis more viable,
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1: Administer

- All 14 IPQ items
- 7-point Likert scale

- [-3, 3] range

2: Analyse

- Mean and standard
deviation of all 14
items

- Additionally analyse
subscales if desired

X

3: Compare

- Mean against
percentile thresholds

- [-3.00, 0.28): Low

- [ 0.28, 0.73): Moderate
-[0.73, 1.07): High

- [ 1.07, 1.30): Very High
- [ 1.30, 3.00]: Exceptional

4: Report

- For publications:
Mean, standard
deviation, sample size,
and ranking class

- Upload raw data to
IPQ Cal

Fig. 8. Our recommended procedure for administering and reporting the results of the IPQ.

we have devised the following guidelines for administering and reporting the results of the IPQ.
This procedure is summarised in Figure 8.

Administer:

(1) Present all 14 items of the IPQ using a 7-point Likert-type scale. Each should have the range

[-3, 3] and use the original scale anchors.

Analyse:

(1) Multiply the scores from items SP2, SP3, and INV3 by —1 to invert them.
(2) Calculate the aggregated mean and standard deviation for all 14 items for each study condi-

tion.

(3) If desired, also calculate the aggregated mean and standard deviation for each sub-scale.

Compare:

(1) Refer to Figure 4, Table 4, or IPQ Cal for the percentile thresholds for each ranking class.

(2) Optionally refer to Table 5 to find thresholds for each visual display modality or Table 8 for
each sub-scale’s thresholds.

(3) Identify where your score lies on this distribution to easily compare your study results to

existing work.

Report:

(1) When disseminating your work, report the mean, standard deviation, sample size, and ranking
class of each study condition’s aggregated presence score.
(2) Also report the mean and standard deviation for each sub-scale, as well as the visual modality

used.

(3) Upload raw study data to IPQ Cal so that the percentile thresholds can be adjusted based on

the new data.
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To encourage the adoption of these guidelines, we have developed an online tool, IPQ Cal, for
analysing and reporting the results of the questionnaire. Researchers can upload their raw IPQ
study data and the website will produce a statistical analysis as well as a graphical and textual
summary of the results for use in publications. The website also provides an overview of previous
IPQ data, not only as aggregated in this article but also accumulated from previous submissions, so
that the results of new studies can be easily compared and classified in relation to existing research.
IPQ Cal is available from the following link: https://hci.otago.ac.nz/ipqcal/.

6.3 Limitations

While we believe that the presented classification scheme is of very practical and academic value for
current work investigating presence in virtual environments, there are some important limitations
in our work. First, our approach is different from traditional meta-analyses. While mean values for
the score are commonly reported in studies, not all papers report more detailed statistics, such as
standard deviations. As such, although the number of participants taking part in each aggregated
study is reported in the selected studies, we cannot infer general distributions from the aggregated
scores without knowing more statistical details. As a result, our method treats all scores from
aggregated studies at the same weight even though there might be a significant difference in the
number of participants between the studies.

Second, the ranking class thresholds are assigned based on percentile values. These are computed
with a method that is free from the distribution of the aggregated scores. Nevertheless, the threshold
values are subject to change if new studies are added to the collected data. For this reason, the
ranking scale is suitable to be used as a contemporary classification. In order to increase the
capability of the scale, we urge future users of the IPQ to contribute their scores through our online
tool to enable supplementing and revising the scale to match with studies conducted in the years
to come.

As previously discussed, a meta-analysis of IPQ scores was not possible as usually only aggregated
scores are presented, not scores for individual questionnaire items or raw data. Instead, we base
our method on the limited study data that is available and, with this, get indicative presence score
distributions and baselines even in the absence of raw data. As addressed in our outlook, those
baseline data form a potential and promising starting point for future raw data collection. If more raw
data becomes available in the future, we could compare our current method based on parametric
data with some alternative non-parametric meta-analytic techniques. A more comprehensive
modelling using random effects-based meta-analytic techniques would be possible with further
scores from future studies.

At the moment, we only use means for developing the classification. Other inferential statistical
tests and ordinal data, e.g., medians, p-values, and F-values, are not involved. Because of the lack of
reporting standard deviations from previous studies, we do not use these values here. Additionally,
presenting or discussing different statistics and the issues of statistical evaluations of the IPQ are
beyond the scope of this article.

There is another constraint of the classification development, namely the overlap between
estimations of the confidence interval range for each percentile. The lower 95% CI of Pgs, is located
in the confidence interval range for Py, (95% CI [0.93, 1.20]). Table 10 shows the estimates for each
percentile with its confidence intervals. Although there are overlaps in the percentiles’ confidence
intervals, the estimated values of our selected percentiles are not in the confidence interval range
of the other percentiles. This shows that the current classification using the estimated values can
be applied to classify the IPQ scores. However, for better and more reliable classification, we would
urge users of the IPQ to report, distribute, and contribute their scores using the guidelines in
Section 6.2.
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Table 10. Percentiles and Their Estimated

Values and Confidence Intervals from 243

User Studies Reporting on Mean Presence
Scores Measured Using the IPQ

Percentile || Value EECIAS S
Lower Upper
Psoin, 0.28 0.22 0.40
Prsin 0.73 0.66 0.84
Poosn 1.07 0.93 1.20
Posth 130 117 161

6.4 Future Work

As indicated throughout the article, besides inconsistencies in applying the IPQ, the current quality
and detail of the reported data do not allow for a traditional meta-analysis of IPQ presence mea-
surements. However, we hope that this work sheds light on this problem and helps with reporting
IPQ presence measurement in future work. Together with the general trend towards open data,
we argue that the quality of the reported data will increase in the future, consequently allowing
for future work to run a meta-analysis on presence scores. Furthermore, the data from the current
studies using the IPQ does not allow us to infer any adjective rating (e.g., what IPQ scores actually
represent an awful feeling of presence). Similar to the SUS, this would require the addition of a
separate adjective rating scale and the collection of enough data to allow for a robust analysis (SUS
used data from 964 participants) [4]. Thus, future work could either adapt the IPQ for all future
studies by adding an adjective rating scale or individual entities run enough studies using IPQ to
create sufficient data from their studies and decide to add an adjective rating scale to all of their
studies. A candidate could be the recently established “Virtual Experience Research Accelerator.”

Finally, future studies [13] can also look at linking other types of measurements towards reported
presence measurements. This includes possible triangulation of different measurements, including
questionnaires, observations, and physiological measurements [13]. The idea would be to correlate
presence scores with other measurements to further support baselines or an adjective rating scale
(e.g., with a score of X we increasingly see elevated physiological measurements or behavioural
changes).

7 Conclusion

In this work, we proposed a first rating scale for interpreting presence scores based on analysing 243
published studies using the IPQ. Although there are more than 15 different presence questionnaires
developed over more than two decades, there is no available scale to rank or compare presence
absolutely or across studies. The IPQ as a subjective presence measurement has shown effectiveness
and sensitivity to evaluating the sense of presence in virtual environments and is considered one
of the most reliable and effective questionnaires to evaluate presence in virtual environments [58].
It is based on sound theory, it is validated, and it is convenient to use due to the relatively small
number of questions.

Unfortunately, most studies using IPQ or similar questionnaires for measuring presence lack a
discussion about their scores. There is no discussion of the absolute scores and how presence was
induced in their studies [54]. Sometimes, in the absence of any baseline measures to date, presence

4https://sreal.ucf.edu/vera/
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scores were also compared with the mid-point of the Likert-type scale in order to determine
high/low presence measures. For example, Devigne et al. reported that “Scores were on average
above 3 for INV and above 4 for General Impression (G) and SP [15]. For the first time, our work
allows the interpretation of IPQ scores relative to earlier studies reported in the literature. This
includes scores for the entire IPQ as well as for individual display modalities and sub-scales. We
furthermore made our data available through a web service that also can assist in reporting future
IPQ studies, specifically targeting the inconsistencies in current reporting. As such, we see this as a
first step towards more standardised reporting. It will also allow other researchers to improve the
quality of presence measurements and to more easily relate their own study to others.
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