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ABSTRACT

Presence is a psychological state that is usually measured via ques-
tionnaires. Many presence researchers assume self-report question-
naires are standardized. However, we do not know how reliable
they are. This knowledge gap impacts the accuracy and validity of
data collected through these questionnaires. Reliable and accurate
data collection is crucial to trust findings in presence research. Inac-
curate or unreliable data could lead to incorrect conclusions. This
impacts theoretical understanding and practical applications. To ad-
dress this, we conducted a comprehensive systematic review of 100
empirical quantitative presence studies. Our goal was to uncover
the underlying issues with these self-report questionnaires. So, we
explored the employment of these questionnaires and analyzed the
specific reasons for measuring presence. We show patterns and
inconsistencies in the current methodologies, as presence question-
naires are frequently utilized in a non-standardised manner. We will
propose well-grounded improvements and constructive approaches
based on our findings. These will improve the validity and effec-
tiveness of these questionnaires and lead to more consistent and
replicable results in presence research.
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« Human-centered computing — HCI theory, concepts and
models.
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1 INTRODUCTION

Presence is a psychological state that results from interacting with
technology. It may represent an extent of not recognizing the
technology’s role in an individual’s experience. As a psychologi-
cal construct, it is an important part of the HCI field [28]. How-
ever, being a complicated phenomenon, it has many issues in re-
search [8, 13, 15, 24]. One key issue is the lack of clear conceptu-
alization; this affects the tools used to measure presence. Similar
measures are often grounded in different conceptual frameworks;
this casts doubt on fundamental presence research and its find-
ings [8, 15].

Using presence questionnaires is the most dominant way to
measure presence [13]. There are many, often incomparable, mea-
surements of presence [13, 15]: they vary in the number of scale
items from a single question to dozens to measure this complex psy-
chological state [15, 21]. Also, there are concerns over the validity
of presence questionnaires because they may not measure presence
itself [15]. A study by Nannipieri [21] showed that among 38 ana-
lyzed questionnaires, 21 measured a single dimension and 17 used
multidimensional scales. The questionnaire items are dominantly
related to user characteristics, devices, and virtual environment
characteristics; not to presence itself. Researchers acknowledge
the issues of presence questionnaires [17]. However, they may not
see an alternative to them and continue to use them despite these
challenges.

Validity is not the only problem with presence questionnaires.
Presence questionnaires are considered standardized measures [15].
However, we question this assumption. In our analysis, we consider
some of the most used and impactful questionnaires. These include
the Presence Questionnaire (PQ) [35], the ITC-Sense of Presence
Inventory (ITC) [18], and the presence scale by Nowak and Biocca
(or NB) [23].
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In this study, we offer a critical reflection on established meth-
ods of presence studies. We focus on their limitations. Presence
scholarship relies on self-report measures and questionnaires. The
main advantage of these is standardization. Yet, they are not used
in a standardized manner. We discuss major methodological issues
in presence studies. We also describe future directions for advanc-
ing presence scholarship. Our identified issues include noticeable
problems in the HCI field, such as questionnaire modifications
and methodological transparency in research papers [1, 26]. We
analyzed potential modifications in these scales and reviewed cor-
responding methods. This led us to propose areas for improvement
that future studies can use to improve presence measures.

2 RELATED WORK

The concept of presence, initially termed “telepresence,” has gained
increased attention in academic discourse with the advancement of
VR technologies [19, 28]. Minsky [20] initially introduced “telepres-
ence” to define systems enabling remote control or tele-operation
with a sense of being physically present. The scholarly commu-
nity eventually shortened the term to “presence” and applied it to
other (media) technologies, such as XR/VR, video games, computer-
mediated communication (CMC), or robots [19]. Presence is often
defined as a “sense of being there” or a “perceptual illusion of non-
mediation”[27].

2.1 Presence Measurements

There are many ways to measure presence. In presence research,
there are two broadly established types of measures: subjective and
objective [16]. Objective measures usually include behavioural and
physiological measures and task performance [4, 16]. As Freeman
et al. [9] concluded, measures based on task performance may be
useful to assess training outcomes, but they do not necessarily
measure presence. Physiological measures are usually either costly
or its data are hard to interpret for presence [13]. Physiological
responses (at least by themselves) might not explain the reason
for emotions or feelings that constitute presence [31]. Behavioral
measures might be the most accurate tools, but they are hard to
develop.

Subjective measures include, for example, questionnaires, con-
tinuous assessment techniques, psychophysical measures, and qual-
itative measures including interviews, and ethnographic methods.
While researchers recommend using multiple measures to increase
the validity of the findings [8], post-test self-report questionnaires
are the dominant way to measure presence [13]. They are easy to
design and administer [8], and they are intended to be standardized.

2.2 Presence Questionnaires

There are many presence questionnaires. For instance, Nannipieri
[21] identified 38 major presence questionnaires. Among them, the
Presence Questionnaire by Witmer and Singer [35] is the most popu-
lar (VR) presence questionnaire up to this day [13]. However, there
are multiple issues with the validity of presence questionnaires.
Their limited scope or inability to capture continuous presence is
the gravest one [8]. This is why some authors question the funda-
mental assumption of whether they measure presence at all [21].
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2.2.1 Conceptualization Issues. Any measures should rely on the
theory-driven intrinsic value of the variable, but it is one of the
biggest issues with presence questionnaires [16]. Conceptualization
of presence is often too vague [8, 15], along with the conceptual-
ization of the scale items [13]. The construct’s dimensions lack
explication. This does not provide enough guidance for successful
operationalization and measurement [2]. As a result, self-report
measurements often do not indicate presence itself. For instance,
“communication qualities, such as composure, spontaneity, positiv-
ity, richness, and evaluation may represent not social presence itself,
but rather markers of the quality of communication that transpires
when social presence is realized or not” [2, p. 467]. Alternatively,
presence questionnaires can concentrate on previous behaviour or
factors of presence representing variables that correlate to social
presence rather than social presence per se [2]. Nannipieri [21]
found that among the 38 questionnaires, most of the scale items
were not related to presence itself. This is true as well for the PQ [35]
because some of its dimensions directly state that they measure
factors, such as the perceived quality of a device’s interface.

2.2.2  Continuity Issues. In contrast to the post-hoc questionnaires,
which do not work during VR (or other media) experiences [12],
continuous measures of presence are more valid tools. They con-
sider the dynamic nature of presence and breaks that can appear
during interaction with technology [11]. In other words, continuous
tools allow assessment of “variations in the subjective experience
of presence, which are likely to occur not only through changes
in the stimulus but also through the participant (e.g., increasing
fatigue during exposure) and to overcome limitations associated
with post-rating measures” [34, p. 239].

2.2.3 lIssues with Sensation vs. Knowledge. Presence is a compli-
cated psychological state. It is not a self-evident sensorial expe-
rience, such as perceived temperature. Thus, it cannot easily be
described [9]. People generally have a limited ability to observe
their cognitive processing. They are also not aware of perceptual
and memory processes [22], So, they cannot deliver higher-order
thoughts (for instance, about perceptual illusions) verbally [7].
While people may be only partially conscious of their state of
presence, self-reports cannot give a full picture without being com-
plemented by objective measurements [16]. It is also true that sub-
jective measures may be unstable and biased by previous experience
and interest [9], and also post-test evaluations are generally con-
founded by the inaccurate recall and memory effect [10].

Another significant issue concerning the internal validity of self-
reports relates to the conflict between sensation and knowledge. As
highlighted in a study by Freeman et al. [9], observers themselves
can inadvertently shape participants’ feelings. In essence, “the prob-
lem is that we cannot rule out the possibility that presence in a VE
[virtual environment] may seem to exist in our experimental sub-
jects simply because questions are asked about it” [30, p. 486]. The
phrasing of items in a questionnaire might suggest the expected
effect. People who are not familiar with the concept could be more
sensitive to demand characteristics in the experiment [14].

2.2.4 Standardization Issues. There is an overall assumption that
questionnaires used for presence are standardized [32]. However,
presence cannot be measured fully in a standardized manner. These
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measures should be media-specific. Presence is transient and varies
with medium and other factors [2]. Depending on the design of the
medium/simulation (or at least the type of media), it can produce
different experiences. Thus, the measurement should reflect on
them [16]. This is true for any mediated experiences that derive
from diverse designs and result in diverse social consequences [19].
The circumstances can be so different that it may not be a question
of adaptation but rather of creating a different measure.

In light of the issues with presence questionnaires explained
above, we argue for the need to analyze how various presence
studies use questionnaires. We aim to provide an understanding of
the consistency of self-report measures in presence studies through
this. Thus, this paper answers the following research questions:

e RQ1: How are the most common presence questionnaires
used in studies to measure presence?
e RQ2: How consistently are they used?

3 METHODS

In our study, we identified and analyzed empirical (quantitative)
presence studies that used three specific presence scales [18, 23, 35].
We selected these particular scales because of their established
relevance and effectiveness in measuring physical and social pres-
ence [6, 8, 13, 15, 29], particularly in the domains of VR/XR, video
games, and mediated communication. Their widespread adoption
within these specific contexts made them particularly suitable for
our study (see their citation count in Table 1).

Database PQ [35] | ITC [18] | Nowak and Biocca [23]
Scopus 3510 709 644
Web of Science 2663 554 470
APA 869 225 185
ACM 829 155 166
IEEE 438 54 52

Table 1: Number of citations per scale in the key databases
as of April 19, 2023.

We started with 8253 records, and 580 screened papers are cur-
rently ready for analysis. For this late-breaking work paper, we
randomly selected (to avoid bias) a subset of the screened sample
(n=100) for a preliminary analysis. Our methodology for the re-
view’s search, screening, and data extraction stages was based on
the PRISMA [25] approach in the Covidence software! (mainly fo-
cused on clear reporting of the search process and the flow diagram;
see Figure 1).

3.1 Protocol and Search

We systematically collected an extensive compilation of academic
papers referencing the specified scales. This formed the founda-
tion of our paper corpus. We also identified the main databases
where these scales are cited [13]. The major ones are Scopus, Web
of Science, APA, ACM, and IEEE (see Table 1). Following this com-
pilation, we conducted a systematic review within the constructed
corpus. At this stage, the key inclusion criteria were the citation

!Covidence (Veritas Health Innovation Ltd.), https://www.covidence.org/, last accessed
December 22, 2023
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I Studies included in the current review (n = 100) l

Figure 1: This figure illustrates the PRISMA [25] flow di-
agram reviews which included searches of databases and
registers only.

of at least one of the papers [18, 23, 35]. For this late-breaking
work study, we selected academic journal and conference papers
in English published between 2003 and 2023. We chose this time
frame to include the most recent and relevant advancements in the
field. This allowed for an up-to-date analysis of the studies that
used the scale by Nowak and Biocca [23]. The selection criteria
excluded theses/dissertations, pilot studies, proposals, systematic
reviews, theoretical papers, literature reviews, and the develop-
ment of new scales (see Table 2). The search intentionally excluded
certain subject areas within Scopus and Web of Science (WOS). It
specifically excluded topics related to mathematics, business, and
natural sciences. As a result, we arrived at the sample of n = 8253.

3.2 Duplicate Removal and Screening Phase

We removed duplicates from the automated duplication percent
match from Zotero and Covidence (any abstracts and titles with 95%
similarity). Additionally, we checked these manually for any errors
from n = 4513 entries. After eliminating duplicates, we arrived at
n = 3740 unique records that we identified as suitable for the next
phase. In preparation for this paper’s screening process, we pairwise
evaluated the first 10 papers. The primary aim of this preliminary
assessment was to establish a consensus level of no less than 80%
agreement among the reviewers/coders—equivalent to a minimum
of eight out of the 10 articles before proceeding further. During
this early screening process, the first author resolved any emerging
disagreements or conflicts. Three or more reviewers thoroughly
evaluated every article from the corpus. This improved the rigour
and reliability of our paper review process.

3.2.1 Eligibility Scoping Criteria. In alignment with the PRISMA
protocol, the initial stage often involves screening abstracts and
titles. However, in our study, we took a more rigorous approach by
directly screening full papers to ensure they met the criteria. We
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Inclusion Criteria

Citation Requirement

The item must contain the citation of at least one of the papers:
Witmer and Singer [35], Nowak and Biocca [23], and/or Lessiter
et al. [18].

Accessibility

The item must be accessible in its full paper form.

Exclusion Criteria

Literature Review

The item should not be a literature review (including systematic
reviews, scoping reviews, etc).

New Scale Development

The item should not involve the development of new scales.

Dissertation or Thesis

The item should not be a dissertation or thesis.

Book or Full Proceedings

The item should not be a book or part of full proceedings.

Extended Abstract

The item should not be part of extended abstracts, including
works-in-progress, posters, case studies, pilots, etc.

Subject area

The item should not be part of mathematics, natural sciences,
and economic sciences.

Kukshinov et. al

Language The item should be written in English; items in other languages
are excluded.
Year The paper must be published between 2003 and 2023.

Table 2: Table of Inclusion and Exclusion criteria

acknowledge that this method is time-intensive. However, the arti-
cles selected from the early 2000s included titles and abstracts that
frequently lacked the requisite information for accurate screening.
Specifically, certain papers mentioned one or more of the origi-
nal (i.e., not modified by someone else) scales but did not employ
them, necessitating a more thorough examination through full-
paper screening. For example, a paper might reference the scale in
its content without actually applying the scale in any substantive
manner. At the same time, some of the studies used the scales to
measure something other than presence. These were excluded from
the analysis. Finally, we included papers that involve research on
extended reality (XR), computer-mediated communication (CMC),
and video games, as sampled scales were majorly designed for these
media.

3.3 Data Extraction and Synthesis

From the screened papers, we randomly selected n = 100 papers
for the current analysis. Four coders participated in the process,
with each paper undergoing independent double-coding by two
separate coders. Following the coding process, six significant dis-
agreements arose regarding the interpretation of modifications.
These were primarily because of unclear reporting in the given
papers. An example includes a paper stating the revision of the ITC
scale without specifying the nature of the revision, coupled with a
discrepancy in the reported number of questions used, indicating
one more question than in the original scale. Additionally, eight pa-
pers were initially marked as uncertain by one coder, necessitating
reconciliation among the coders. To address these disagreements, a
third coder was consulted when needed. Table 2 lists the criteria for
coding where each coder also justified their answers. Our objective
is not to undermine any completed research; rather, to contribute
to establishing a standardized protocol for presence research within
the academic community.

4 FINDINGS

The analyzed sample had the following distribution of papers: 63
papers used the PQ, 29 papers used the ITC, 6 papers used the scales
by Nowak and Biocca (NB), and, finally, 2 papers used PQ together
with ITC or NB. Most of the studies (94 papers) were related to XR,
two to video games, one to CMC, and three to other simulators.

Based on the present analysis, 67% of the reviewed sample of
papers (n=100) included modifications of the analyzed question-
naires to measure presence in one way or another. Most of the
time, the number of questions or questionnaire units were reduced.
Seventeen of these studies did not report the number of questions
they used. Six papers did not include any details, only stating that
the questionnaires were “adapted,” “revised,” “based on,” “modified,’
“derived from,” or “culled from” the original questionnaires. Twenty-
two studies out of 67 reported that they paraphrased the questions.
Only 12 studies out of 67 calculated and reported high internal
consistency of modified scales, and two reported low reliability.
Finally, only four studies out of 67 re-validated the modified scales.

Only 37 of these 67 papers provided any explanation for the scale
modifications. Among those who specified the reasons, the most
frequent explanation was that specific subsets of the questionnaires
were excluded. This was because they were deemed irrelevant to
the studied experiences or media. For example, questions related
to sound or haptics were removed from the PQ [35]. ITC [18] was
often used via one subscale. Many authors, for some reason, framed
this as “spatial presence” instead of the “sense of the physical space”
as if it were a separate measure. Some authors also argued that
some subscales did not represent presence, contrary to how the
authors of the ITC scale argue. In our subsequent analysis which is
ongoing at the moment, we analyze the range of the modifications,
reported reasons for them, and the use of other non-questionnaire
presence measurements to provide methodological solutions for
advancing the presence field.
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Covidence ID List the CrossReference ID on Covidence: 1234

DOI List the DOI of the paper

Title List the Title of Paper

Year List the Year of when the paper is published

Media type List is it “VR, XR, Video Games, Medicated Communication,
etc”

The scale List all the scales used in the paper

Modification and How

List if and how the modification is reported

Reason for modification

List the justification for the modification, if reported

How many questions are used?

List amount of questions used from the scale

Paraphased

List the which parts are paraphrased and why

Internal consistency of the whole scale

List how the scale is administered, and reported

Re-validation, e.g., Factor analysis

List if any re-validated is completed

Results/details of revalidation

List the results and details of revalidations. Eg; constructs

Other presence scales used (citation)

List any other presence scales that are used

Other measures of presence used

List other (non-questionnaire) measures of presence used

Table 3: The coding criteria

CHI EA ’24, May 11-16, 2024, Honolulu, HI, USA

5 DISCUSSION

Presence questionnaires are widely adopted [3], or, at least, a rec-
ognized method to measure presence, although their validity is
questioned in research [17, p. 551]. As our study shows, there are
concerns about their reliability as well. In the following subsections,
we discuss the most important methodological issues in the ana-
lyzed presence studies and describe the future directions to advance
presence scholarship.

5.1 Possibilities for and Consequences of
Modifications

Questionnaires are frequently applied in dynamic contexts; be they
social or technological. They often require adjustments for valid
measurements. However, these changes should always be justi-
fied, and measures be re-validated—a step typically overlooked in
presence research. Validity concerns emerge when presence scales—
meticulously developed and validated for specific user experience
aspects—are modified. This can compromise scale validity, poten-
tially yielding inaccurate or unreliable results. These modifications
also give rise to comparability issues, hindering the comparison of
results across studies and affecting the consistency needed for accu-
mulating knowledge. Alterations to the original scales—especially
when unexplained—impact not only its reliability [5] and potentially
reduce measurement consistency but also introduce uncertainty in
results interpretations and challenge the replicability of presence
studies.

5.2 The Range of Modifications

As our results showed, presence questionnaires are not consistently
used in a standardized manner. Most of the time, they undergo
reduction, revision, paraphrasing, or other modifications. While we
observe some commonalities in these changes, they remain quite
diverse. The reported reasons for these modifications are also var-
ied (as we explore in more detail in our subsequent research). This
raises the question if we can consider presence questionnaires de
facto standardized. We argue that—in their current state—presence

questionnaires are not valid and reliable measures of presence. Espe-
cially if we consider presence as a highly contextual and subjective
psychological state dependent on specific content and perceived
affordances of a given technology. As a result, the current approach
to operationalizing presence is ineffective.

5.3 Reporting Problem

Our current results demonstrated that studies measuring presence
often lacked clarity in reporting. This makes it challenging to eval-
uate the studies’ methodological choices and perform a systematic
analysis. Frequently, the necessity of the modifications was left
unreported, or descriptions of scale modifications lacked details. In
such circumstances, understanding what variable is measured and
why it is measured in a certain way becomes difficult. To enhance
clarity, we recommend authors consolidate all methodological in-
formation in the Methods section. This avoids the dispersion of
methodological choices throughout the paper. This information
should include the specific measure used. It should also explain
why the authors chose that measure. It should describe any changes
they made. And, it should include statistics testing the reliability
and validity of the new measures. This will improve the validity
of their changes and clarify their research objectives. Ideally, they
should report these details in the Appendix for transparency and
increased replicability.

5.4 The Impact Problem

It is notable that a significant part of the analyzed papers that used
modified presence scales failed to validate them. Despite this, these
studies have received many citations from other researchers. This
has spread potentially inaccurate knowledge. It is crucial to high-
light that some of these studies are not recent. The sample under
the current analysis spans publication dates from 2007 to 2022.
However, the field of presence scholarship has many more studies.
Some of these may also not have measured presence accurately.
This issue is compounded by other studies that rely on these inade-
quately validated works. They use them to make assumptions and
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develop theories. This perpetuates a cycle of confusion and misun-
derstanding about the basic aspects of presence. In the end, these
studies normalize the practice of making invalid modifications and
encourage non-standardized use of questionnaires.

5.5 Limitations

In our study, we focused on three scales, chosen for their significant
impact as evidenced by existing research and citation numbers.
These scales can capture the landscape of presence scholarship.
However, we acknowledge that this representation is still partial.
While there still may be exceptions among presence questionnaires,
major questionnaires often exhibit variations in their application.
We did not explore the alterations in scaling, representing a poten-
tial methodological gap. Additionally, we did not scrutinize how
well presence concepts in studies aligned with the chosen measure-
ments. This aspect warrants exploration in future research. Also,
in cases where authors did not report changes, we assumed the
use of the original scale. This approach enhanced objectivity in
our analysis but constrained our understanding of the full scope of
methodological flaws in presence studies.

5.6 Future Directions

In the future, we plan to explore more deeper with the scale mod-
ifications and the reasons behind them. Our goal is to improve
the accuracy of presence measurements. We plan to investigate
patterns in modifications, seeking to identify common mistakes to
avoid. Additionally, we will analyze the reasoning behind the mod-
ifications. We aim to discern contexts in which each questionnaire
can or cannot be used, considering factors such as technological
advancements.

Our subsequent research will also explore the use of alternative
measurements, such as physiological measures or other self-report
methods. We will investigate why some studies choose to combine
them with questionnaires. Some researchers advocate for the trian-
gulation of methods and using many presence measurements [8],
but it remains unclear whether this is an optimal solution to the
problems associated with presence questionnaires. If it is, we must
work out how they should be used together. Interviews can offer
a less standardized yet insightful exploration of different facets of
presence experiences. This is particularly helpful in experiences
characterized by variability in expressiveness and descriptiveness.
We could gain a deeper understanding with these other measure-
ments [33]. Thus, while behavioural measures may dominate in
testing presence, qualitative research methods can uncover nuanced
aspects of presence [16]. Ultimately, self-report questionnaires re-
main irreplaceable for measuring individual factors of presence and
control variables. However, in their current state, they do not seem
to be an appropriate measure of presence itself.

6 CONCLUSION

In this study, we have uncovered fundamental methodological chal-
lenges and limitations. These include widespread modifications,
inconsistent reporting practices, and a lack of validation of altered
scales. Together, these issues make current major presence mea-
sures unreliable and questionable. They compromise the credibility
of individual studies. But they permeate the broader landscape of
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presence scholarship. The scale of modifications prompts fundamen-
tal questions about the standardization of presence questionnaires.
We have emphasized an arising need for a more profound under-
standing of the contextual and subjective nature of presence. The
reporting problem underscores the necessity for transparency in
methodological choices. The impact problem shows how crucial it
is to revalidate scales to prevent inaccurate knowledge from spread-
ing. In essence, our study serves as a call to action for researchers
to assess and improve the methodologies used to study presence.
Overall, this study contributed to developing more robust and reli-
able presence measures. These will improve our understanding of
presence experiences in the future.
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