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a b s t r a c t

Presence is one of the most important psychological constructs for understanding human-computer
interaction. However, different terminology and operationalizations of presence across fields have
plagued the comparability and generalizability of results across studies. Lee's (2004) unified under-
standing of presence as a multidimensional construct made up of physical, social, and self-presence, has
created a unified theory of presence; nevertheless, there are still no psychometrically valid measurement
instruments based on the theory. Two studies were conducted that describe the development of a
standardized multidimensional measure of presence (the MPS) for a VR learning context based on this
theory, and its validation using confirmatory factor analysis and item response theory. The results from
Study 1 which included 161 medical students from Denmark indicated that the items used in the MPS
measure a three dimensional theoretical model of presence: physical, social, and self-presence.
Furthermore, IRT analyses indicated that it was possible to limit the number of items in the MPS to 15
(five items per sub-dimension) while maintaining the construct validity and reliability of the measure.
The results of Study 2, which included 118 biology students from Scotland, supported the validity and
generalizability of the MPS in a new context.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The construct of presence has great practical relevance for the
design and evaluation of media products, especially in education,
entertainment, telecommunications, psychology, and health care
(Klimmt & Vorderer, 2003; Lee, 2004). Consequently, several
scholars have attempted to define the concept of presence in order
tomeasure and operationalize it as a psychological construct. There
is some consensus regarding defining presence as the experience or
feeling of being present in a mediated environment, rather than the
immediate physical environment wherein one is currently bodily
present (Steuer, 1992; Witmer & Singer, 1998). However, different
fields of research have typically used different terminology (Lee,
2004), which has made it difficult for researchers to create a uni-
fied theory of presence, thereby creating difficulties in comparing
and generalizing results across studies. However, through an
extensive explication process, Lee (2004) made a thorough attempt
dense M, Denmark.
akransky).
to provide a unified understanding and general terminology of
presence which had heretofore been lacking.

Although there has been great progress in further understand-
ing presence as a psychological construct since this development,
one area where the progress has stagnated is on the operationali-
zation and measurement of presence according to Lee's (2004)
definition of the construct. This is surprising, considering Lee's
emphasis on the importance of creating standard validated mea-
sures of presence so that comparison between and among studies,
and generalization across studies, would be possible. With the
increasing availability of sophisticated technologies for simulating
interactions between people and places such as Virtual Reality (VR),
the need among researchers and media content developers for a
validated standardized measure of presence, using a unified theory
such as Lee's (2004) to create such measures seems crucial.

The objective of this study was therefore to develop a stan-
dardized measure of presence for VR environments based on Lee's
(2004) explication of presence, and to validate this measure using
modern test theory; that is Confirmatory Factor Analysis (CFA;
Brown, 2015) and Item Response Theory (IRT; Embertson & Reise,
2000). Accordingly, the scope of this study was not to develop a
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measure of presence to be used when actual people and places that
are physically separated are brought together through technology,
but rather to develop a presence scale pertaining to computer
simulations and other programs employing VR. Furthermore, the
aim of this study was not to validate Lee's (2004) theory of pres-
ence, but to validate a standardized measure of presence based on
this theory.

This paper describes the development of the Multimodal Pres-
ence Scale (MPS), and the evaluation of its psychometric properties
with CFA and IRT. First, a brief introduction to Lee's (2004) expli-
cation of presence and an outline of previous measures of presence
is presented, followed by a description of the development of the
MPS based on existing acknowledged measures of presence. Next,
CFA and IRT are explained. This is followed by a description of two
studies wherein these methodologies were used to test the psy-
chometric properties of the MPS. Finally, the strengths and weak-
nesses of the MPS and practical considerations involving its use are
discussed.

1.1. Lee's (2004) explication of presence and previous
operationalization of presence

According to Lee (2004), both real and virtual experience can be
divided into three domains; physical, social, and self. Physical
experience involves the experience of physical objects and envi-
ronments; social experience refers to the experience of social ac-
tors; and self-experience describe the experiences people have of
their own selves.

In contrast to real experience, there are two ways in which an
experience can become virtual (Lee, 2004). Firstly, an experience
can become virtual when the act of experience is mediated by, or
made possible by, human-made technology and the technology
enables users to experience mediated versions of actual entities
which hold some kind of valid connection with the actual entities
that they represent (para-authentic entities). Secondly, an experi-
ence can also become virtual when experienced entities are arti-
ficially created or simulated by human-made technology. In this
latter case the entities do not actually exist in the real world, but are
experienced as if they would exist in the real world due to human-
made technology (artificial entities). In sum, an experience can
become virtual when the act of experiencing physical objects or
environments, social actors and/or the self is mediated, or artifi-
cially constructed, by human-made technology.

In addition to the before-mentioned aspects of real and virtual
experience, Lee (2004) also distinguishes between sensory and
non-sensory experiences. By including this distinction in his defi-
nition of presence Lee (2004) is able to incorporate the possibility of
experiencing presence during the use of low-tech non-sensory
media, such as books.

Based on the outlined theoretical framework, Lee (2004) defines
physical, social and self-presence as a psychological state in which
virtual (para-authentic or artificial) physical objects, social actors,
and the self, respectively, are experienced as actual entities in
either sensory or non-sensory ways. However, since the focus of
this paper is on VR environments, the distinction between sensory
and non-sensory experiences is not relevant here, as VR environ-
ments are sensory in nature.

The development of the MPS is based on Lee's (2004) theory of
presence, specifically in the division of presence into three sub-
dimensions; physical, social and self. However, since Lee (2004)
does not provide a specific operationalization of physical, social,
or self-presence, it is necessary to review the available literature of
some of the most acknowledged previous measures of presence to
develop adequate content validity for these three constructs.

Through a review of the literature, it is evident that there are
various acknowledgedmeasures of presence available; andmany of
these capture some aspects of each of the three constructs: phys-
ical, social, and self-presence. However, no attempts have been
made to measure all three together and none of these measures
have been reported in the literature to have been validated using
both CFA and IRT. The Igroup Presence Questionnaire (IPQ) devel-
oped by Schubert, Friedmannm, and Regenbrecht (2001) did use
CFA to identify a general structure, but without the utilization of IRT
they lack information on how well the specific items function
within each sub-dimension. More importantly, the IPQ fits entirely
within the realm of physical presence, and is therefore unable to
measure either social or self-presence as opposed to the MPS.

Considering the vast amount of acknowledged measures of
presence, the MPS will consist of previously developed items that
are selected through an extensive extraction process and validated
through psychometric testing with CFA and IRT.

2. Method

The first step in the process of developing theMPSwas to review
numerous existing presence scales. The databases Scopus, PsycInfo
and PsycTest were searched with the keywords “presence”, “virtual
environment” and “virtual reality”. The search was limited to
include only English written journal articles. Of the 16 articles
selected, 13 were identified through the database search while
three articles were identified by searching through reference lists.
Studies with items that were not easily converted to fit a VR context
or where items did not fit this specific context were excluded.
Furthermore, studies measuring presence directly by asking re-
spondents how present they felt on a single numerical analogue
scale were not included, as this kind of measurement scale only
measures the overlying construct and not the sub-dimensions
relevant to this study. Lastly, studies using presence scales or sub-
scales of previously identified scales were excluded from this
study. A list of the scales that were identified and used in this study
is presented in Appendix 1. Key aspects of physical, social, and self-
presence were identified in these existing instruments.

2.1. Key aspects of presence

In order to provide adequate content validity for the MPS all of
the available items from the existing instruments were considered
(see Appendix 1). A thorough review of all these items identified
common themes by grouping similar themed items and giving this
group a label (referred to as area attributes throughout this paper).
A small group of items were excluded through this review as they
measured antecedents of experiencing presence (e.g. time spent
creating an avatar or personality traits) and not the actual experi-
ence of presence. Through this extensive extraction process, 13 key
aspects of presence relevant to a VR context were identified and
categorized into physical, social and self-presence. This hypothe-
sized model was not set in stone, but was an initial theoretically
based categorization needed to perform the CFA. The key aspects of
presence are summarized in Table 1.

2.1.1. Key aspects of physical presence
The first physical area attribute is “physical realism”, which

describes the extent to which users experience the virtual envi-
ronment as mimicking the physical appearance and causal re-
lationships of the real world. The second area attribute is “not
paying attention to the real world environment”. This refers to the
extent to which users are completely captivated by the virtual
world and, therefore, become less aware of the real world in which
they actually exist. The third area attribute is “sense of control in
the virtual environment”, which describes the extent to which



Table 1
Content validity e Key aspects of presence.

Sub-dimension Area attribute

Physical presence Physical realism (PR)
Not paying attention to real environment (NARE)
Control/act in the virtual environment (CA)
Sense of being in the virtual environment (SBVE)
Not aware of the physical mediation (NAPM)

Social presence Sense of coexistence (SC)
Human realism (HR)
Not aware of the artificiality of social interaction (NAASI)
Not aware of the social mediation (NASM)

Self-presence Sense of bodily connectivity (SBC)
Sense of bodily extension (SBE)
Emotional connectivity (EC)
Sense of self being in the virtual environment (SSBVE)
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users have a sense of being able to act in the virtual environment, to
thereby control events and actively search for and manipulate ob-
jects. The fourth area attribute is “sense of being in the virtual
environment”, which describes the extent to which users experi-
ence a general and intuitive sense of being in the virtual environ-
ment. The fifth area attribute is “not being aware of the physical
mediation”. This is defined as the extent to which users are un-
aware of the process by which the physical environment is medi-
ated. Attention is focused on manipulating and navigating the
environment and not on the interface for doing the manipulation
and navigation.
2.1.2. Key aspects of social presence
The first social area attribute is “sense of coexistence”, which

refers to the extent to which the user experiences a general and
intuitive sense of being in the presence of another person also in
the virtual environment. The second area attribute is “human re-
alism”, which describes the extent to which the user experiences
the avatar representations of humans in the virtual environment as
credible, and not just computerized images. The third area attribute
is “not being aware of the artificiality of social interaction”, which
refers to the extent towhich the user experiences interacting with a
human being rather thanwith the computer simulation. The fourth
area attribute of social presence is “not being aware of the social
mediation”. This is defined as the extent to which the user is un-
aware of the process by which the social interaction is mediated.
Attention is focused on the verbal and non-verbal communication
and not the interface through which it is realized.
2.1.3. Key aspects of self-presence
The first area attribute of self-presence is “sense of self being in

the virtual environment”, which describes the extent to which
users experience an intuitive sense of their self actually being in the
virtual environment. The second area attribute is “sense of bodily
connectivity”. This refers to the extent to which users experience a
connection between their real and virtual body, thereby experi-
encing their real body and virtual embodiment as one and the same
thing. The third area attribute is “sense of bodily extension”, which
describes the extent to which users experience their body being
extended through a medium into the virtual world. The fourth area
attribute of self-presence is “emotional connectivity”, which refers
to the extent to which users have certain emotional experiences as
a result of corresponding events happening to their virtual
embodiment (e.g. when sad events happen to their virtual
embodiment in the virtual world, users experience sadness). In
Ratan and Hasler's (2009) terminology the first three area attri-
butes would be characterized as proto self-presence, while
emotional connectivity would be referred to as core self-presence.
In their work, a third aspect termed extended self-presence is also
described, but this was not included in the MPS as it measures
possible antecedents of self-presence rather than the actual expe-
rience of self-presence (e.g. “to what extent have you customized
your avatar to make it look the way it does?”).

2.2. Item selection and adaptation

The item selection process was based on the previous work of
identifying common themes and thereby extracting the 13 key
aspects (area attributes) of presence described above. The literature
sources used to identify items, the area attributes they covered, and
the number of items used are described in Appendix 1. Of the 16
studies initially selected, items were only obtained from six of
these. This does not mean that items from the remaining scales
were not a part of the extraction process described in Section 2.1.
Due tomany of the studies containing either exactly the same items
or differently worded items with the same underlying theme, items
were selected from the least number of studies as possible without
missing any of the 13 key aspects of presence or any potentially
important wording differences within a given key aspect. Multiple
items were included for each area attribute when they had a
different focus. However, only one item was selected in instances
where several items assessed the same content using different
terminology. If necessary, items were modified in order to fit with a
five-point Likert scale (1 ¼ completely disagree, 2 ¼ disagree,
3¼ neither disagree nor agree, 4¼ agree, 5¼ strongly agree); and a
small minority of items were further modified in order to better fit
within a variety of VR contexts (e.g. “avatar” was changed to “vir-
tual embodiment” to make the MPS useful in simulations that do
not let users create their own avatar). With regards to the number
of items initially selected, 21 were selected to capture physical
presence; 7 were selected to capture social presence; and 12 were
selected to capture self-presence (see Appendix 2 for a full list of
items).

2.3. Confirmatory factor analysis and item response theory

In this study confirmatory factor analysis (CFA) and item
response theory (IRT) were used to investigate the psychometric
properties of the initial MPS. CFA is optimal for investigating the
construct validity of a scale when there is a strong theoretical hy-
pothesis about the structure of the scale; and it is often regarded as
a stronger source of evidence compared to more exploratory ap-
proaches in scale validation (e.g., Fabrigar, Wegener, MacCallum, &
Strahan, 1999). In this case, CFA is used to investigate if the struc-
ture of the items selected from previous literature (see Appendix 2)
measures the three sub-dimensions of physical, self, and social-
presence as described by the theoretical framework suggested by
Lee (2004). Once a general structure is identified, IRT is optimal for
investigating the quality of each item within each sub-dimension.
IRT is a family of measurement models which has been denomi-
nated the “measurement paradigm of the 21st century” (e.g. Hays,
Morales, & Reise, 2000; Ware, 2003) because it provides detailed
information about the validity of a measurement instrument based
on the investigation of whether the instrument lives up to a set of
assumptions. These assumptions include unidimensionality (that
the items in a scale measure only one latent trait), local indepen-
dence (that there is no redundancy between items), item fit (the
items all measure the latent trait in a consistent way), measure-
ment invariance or differential item functioning (DIF; item esti-
mation is independent of the sub-groups of individuals completing
the measure) (Bond & Fox, 2001).

Therefore, the use of CFA and IRT complement each other well
because CFA can be used to identify a general structure of a mea-
surement instrument; and once that structure has been identified
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IRT can provide more detailed information about how well the
specific items function within each sub-dimension. These meth-
odologies are becoming increasingly used in a wide variety of fields
within science (Griffith et al., 2009; Reise, Widaman,& Pugh,1993).

2.4. Statistical analyses

Descriptive statistics were calculated using IBM SPSS software
(version 23.0.0; SPSS Inc., Chicago, IL). CFA analysis to investigate
the dimensionality of the MPS were conducted in Mplus version 7
(L. K. Muth�en & Muth�en, 2012) using polychoric correlations. Re-
ported goodness-of-fit indices include the comparative fit index
(CFI), the Tucker-Lewis index (TLI), and the root mean square error
of approximation (RMSEA). An acceptable fit is indicated by CFI and
TLI �0.90, and RMSEA �0.06 (Hu & Bentler, 1999). The estimation
method used is Muth�en's three-step procedure (B. Muth�en, 1984).

The Partial Credit Model (PCM; Masters, 1982) within the
framework of IRT was used to investigate the psychometric prop-
erties of each sub-scale within the MPS. The PCM is optimal for
polytomous data such as the five-point Likert scale used in this
study. Analyses were conducted with RUMM2030 (Andrich,
Sheridan, & Luo, 2010). The evaluation criteria applied were uni-
dimensionality, local dependence, item fit, ordered response
thresholds, measurement invariance (DIF) and reliability as evalu-
ated by the person separation index (PSI) and Cronbach's alpha.

The evaluation criteria have been explained elsewhere and are
only described briefly here (for more information see Pallant &
Tennant, 2007; Tennant & Conaghan, 2007; Makransky, Rogers, &
Creed, 2015). Unidimensionality was evaluated according to a
formal test proposed by Smith (2002). This test uses the first re-
sidual factor in a principal components analysis (of residuals) to
determine two groups of items: those with positive and those with
negative residuals. Each set of items is then used to calculate an
independent trait estimate for each person in the sample. When
items form a unidimensional scale, it is expected that the person
estimates from the 2 item subsets should be similar. An indepen-
dent samples t-test is used to determine whether there is a sig-
nificant difference between the two person estimates. This is
repeated for each person with the expectation that the percentage
of tests lying outside the range of �1.96 to 1.96 should not exceed
5% (Makransky et al., 2015).

The individual items fit of each item according to the expecta-
tions of the model was evaluated based on fit residuals larger
than ± 2.5 (Pallant & Tennant, 2007). Local dependence (which can
indicate redundancy among items in a scale) was assessed by
investigating if residual correlations between the items in the scale
were larger than a critical value. A critical value of 0.2 is widely used
in the literature (Chen & Thissen, 1997; Makransky & Bilenberg,
2014). The suitability of the five-point Likert-type format
response categories was investigated by assessing if there were any
reverse thresholds (e.g. Pedersen, Mathiasen, Christensen, &
Makransky, 2016). Finally, measurement invariance in the form of
DIF across the demographic variable of gender for each of the items
in the MPS was investigated. For example, DIF occurs when
different subgroups within the sample (e.g., men versus women)
have different scores on a specific item despite equal levels of the
latent trait (e.g., physical presence). Items with significant Chi-
square statistics at the 0.05 level (two-sided and with a Bonfer-
roni correction applied separately within each DIF-variable) are
reported as exhibiting DIF in this study.

3. Study 1

The objectives of Study 1 were to: 1) investigate the validity and
reliability of the MPS by assessing if the items fit the hypothesized
theoretical structure described by Lee (2004), and 2) to select the
items within each dimension that would result in a short
manageable scale, while simultaneously retaining the content
validity (see Appendix 2) and construct validity (fit to the PCM) of
the instrument.

3.1. Sample and procedure

The sample consisted of 161 (65% female) students from the
University of Copenhagen who participated in an undergraduate
genetics course in the spring 2016 semester. The sample partici-
pated in a learning session that consisted of a 30-min pre-test that
included demographic characteristics and questions to assess stu-
dents' knowledge of genetics; a 2-h session for themedical genetics
virtual laboratory simulation; and a 30-min post-test which
included the presence items from the initial MPS presented in
Appendix 2 and the same knowledge questions about genetics
presented in the pre-test (the knowledge questions were used by
the teachers of the course as ameasure of progress, but are not used
in this study).

The laboratory simulation was a desktop virtual reality version
of a medical genetics simulation developed by the simulation
development company Labster. It was designed to facilitate
learning within the field of genetics at a university level by allowing
the user to virtually work through the procedures in a lab by using
and interacting with the relevant lab equipment and by teaching
the essential content through an inquiry-based learning approach
(Bonde et al., 2004; Makransky et al., 2016). In this simulation,
students are introduced to a young pregnant couple, where the
fetus may suffer from a syndrome caused by a chromosomal ab-
normality. The students are able to make a genomewide analysis of
the fetal DNA and karyotype in the virtual laboratory, and practice
communicating their conclusions to the couple using a simulated
genetic counseling approach (for more information on the simu-
lation see Makransky et al., 2016; Labster, 2016a).

Students were informed that the data could be used for
research, and care was taken not to expose the students to any risk
or burden (Helsinki Declaration article 17). While the simulation
was a mandatory part of the curriculum, the presence scale was
voluntary, and only data from students who gave permission to use
their results was used. Responses were anonymous (Helsinki
Declaration article 24) and no stipend was provided. The study
protocol was submitted to the Regional Committees on Health
Research Ethics for Southern Denmark, which indicated that no
written consent was required by Danish law.

3.2. Results

3.2.1. Investigating the dimensionality of the initial MPS with CFA
The first set of analyses was conducted with CFA to determine

the number of dimensions that best described the structure of the
40 items selected for the MPS. More specifically, the results of a
unidimensional model where all of the items measure one single
unidimensional scale are compared, with those of a three dimen-
sional model based on Lee's (2004) theoretical model of physical,
social, and self-presence.

Therewere two items that had a very bad fit to themodel, which
made it difficult to interpret the results (PHYS_15: “I was aware of
the device {computer, VR-goggles} through which the virtual
environment was displayed”; and PHYS_20: “I experienced delay
between my actions and expected outcomes in the virtual envi-
ronment”). These items were eliminated before conducting addi-
tional analyses. Fit of the remaining 38 items is shown in the top
section of Table 2. The fit to a unidimensional scale indicated sub-
optimal fit (RMSEA: 0.114, CFI: 0.841, TLI: 0.832). The fit to the



Table 2
Confirmatory factor analysis results.

RMSEA CFI TLI

Initial MPS (38 items)
1 dimensional model 0.114 0.841 0.832
3 dimensions: physical, social, and self-presence 0.094 0.893 0.886
Revised MPS (15 items)
1 dimensional model 0.139 0.918 0.904
3 dimensions: physical, social, and self-presence 0.094 0.964 0.956
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three dimensional model with physical, social, and self-presence
was better (RMSEA: 0.094, CFI: 0.893, TLI: 0.886). Table 3 shows
the values of estimate, standard errors, z-value, and p-values of 38
items in original MPS from the three dimensional CFA.
3.2.2. Investigating the validity of the three sub-dimensions with
the PCM

The validity of the items within each dimension (physical, social,
and self-presence) was assessed according to the criteria described
above for the PCM. There were 21 items hypothesized to be related
physical presence, seven items to related to social presence, and 12
items related to self-presence (from Appendix 2). Each group of
items were subject to the following tests: general fit of the PCM;
unidimensionality test, to investigate if the items measure only one
Table 3
The CFA estimates, standard errors, Z-, and P-values for the 38 items in the original
MPS.

Estimate S.E. Est./S.E. P-value (2 tailed)

Physical Presence
PHYS_1 0.255 0.080 3.177 0.001
PHYS_2 0.451 0.067 6.699 0.000
PHYS_3 0.766 0.041 18.578 0.000
PHYS_4 0.774 0.041 18.702 0.000
PHYS_5 0.708 0.042 16.931 0.000
PHYS_6 0.839 0.029 28.749 0.000
PHYS_7 0.799 0.034 23.665 0.000
PHYS_8 0.702 0.042 16.734 0.000
PHYS_9 0.372 0.072 5.170 0.000
PHYS_10 0.579 0.062 9.406 0.000
PHYS_11 0.717 0.045 15.875 0.000
PHYS_12 0.423 0.070 6.065 0.000
PHYS_13 0.334 0.073 4.555 0.000
PHYS_14 0.558 0.059 9.386 0.000
PHYS_16 �0.270 0.080 �3.396 0.001
PHYS_17 0.193 0.086 2.236 0.025
PHYS_18 0.422 0.071 5.987 0.000
PHYS_19 0.479 0.061 7.839 0.000
PHYS_21 0.155 0.072 2.151 0.031
Social Presence
SOC_1 0.693 0.047 14.803 0.000
SOC_2 0.678 0.048 14.066 0.000
SOC_3 0.721 0.041 17.463 0.000
SOC_4 0.793 0.033 24.002 0.000
SOC_5 0.717 0.046 15.576 0.000
SOC_6 0.676 0.044 15.422 0.000
SOC_7 0.806 0.034 23.470 0.000
Self Presence
SELF_1 0.758 0.033 22.950 0.000
SELF_2 0.806 0.030 27.160 0.000
SELF_3 0.827 0.026 31.262 0.000
SELF_4 0.845 0.021 40.641 0.000
SELF_5 0.882 0.020 44.410 0.000
SELF_6 0.756 0.033 23.169 0.000
SELF_7 0.909 0.017 52.891 0.000
SELF_8 0.801 0.030 26.858 0.000
SELF_9 0.854 0.019 44.502 0.000
SELF_10 0.882 0.017 50.689 0.000
SELF_11 0.817 0.024 34.096 0.000
SELF_12 0.857 0.020 42.615 0.000
latent trait; local dependence, to ensure that there is no depen-
dence or redundancy between the items in the scale; investigation
of reverse thresholds to ensure that the five-point Likert response
format functioned well for all items; DIF or measurement invari-
ance across gender; and reliability in the form of PS and Cronbach's
alpha. Since the objective was to develop a short scale that had
content and construct validity, as well as reliability, items were
eliminated based on the criteria for the PCM. One assumption that
is tested when evaluating the fit of a scale to the PCM is sufficiency
(Rasch, 1960), this means that any subset of items from the scale
would also meet the requirements of the PCM and thus maintain
the construct validity of the scale. Therefore, even when fit to the
PCM was obtained, items were eliminated in order to have as short
a scale as possible. This was only done if the elimination of items
did not cause a substantial decrease in reliability or content validity.
The final scale with 15 items is presented in Table 4.

The results for physical presence were consistent with the re-
sults from the CFA in that the same two items PHYS_15 and
PHYS_20 had a very bad fit to the model, which made it difficult to
interpret the results. Therefore, these items were eliminated in an
initial step before conducting additional analyses. The remaining 19
items did not fit the PCM c2 (38) ¼ 15.04, p < 0.001. Acceptable fit
was obtained with an eight item scale that included four of the five
area attributes of physical presence outlined in Table 1. The results
showed that the items that were intended to measure the area
attribute of control/act in the virtual environment did not measure
the same latent construct as the other items in the measure.
Furthermore, the number of items could be decreased to 5 without
compromising the reliability, the content, or the construct validity
of the scale, so three additional items were eliminated for area
attributes that had multiple items.

The final scale with five physical presence items met most of the
requirements of the PCM as shown in Table 5. That is, the scale had
good general fit to the PCM c2 (10) ¼ 14.38, p ¼ 0.16. Furthermore,
all of the five items fit the model; there were no items with local
dependence, reverse thresholds, or DIF across gender. The test for
unidimensionality indicated that there were 5.70% significant t-
tests, which is slightly above the critical value of 5%, and indicates
that there could be an issue regarding the dimensionality of the
scale. Furthermore, four of the five area attributes were retained.
Finally, the PSI and Cronbach's alpha reliability indices were good,
with values of 0.85 and 0.84 respectively.

The results for the social presence scale showed that there was
acceptable general fit to the model c2 (14) ¼ 16.98, p ¼ 0.26.
However, items SOC_4 (“I perceived the people in the virtual
environment as being only computerized images, not real people”)
and SOC_6 (“When I think about my experience in the virtual
environment, I remember it as more like interacting with a com-
puter than working with another person”) did not function opti-
mally. The two items were consequently deleted, resulting in a five
item scale that retained the four area attributes hypothesized to be
a part of the social presence construct (see Table 4).

The final scale with five social presence items met most of the
requirements of the PCM as shown in Table 5. That is, the scale had
good general fit to the PCM c2 (10) ¼ 10.82, p ¼ 0.37, all of the five
items fit the model, there was no local dependence, or reverse
thresholds. Item 2 did exhibit non-uniform DIF across genders, and
the test for unidimensionality indicated that there were 5.70%
significant t-tests, which is slightly above the critical value of 5%,
indicating that there could be an issue regarding the dimensionality
of the scale. Finally, the PSI and Cronbach's alpha reliability indices
were acceptable, with values of 0.79 and 0.83 respectively.

The results for the self-presence showed that the 12 items did
not functionwell as a scale. The first major issue was that there was
strong local dependence between the items measuring core self-



Table 4
Final selection of items for the MPS and designation of area attribute.

Label Item Area attribute

Physical Presence
PHYS_2 The virtual environment seemed real to me. PR
PHYS_3 I had a sense of acting in the virtual environment, rather than operating something from outside. NAPM
PHYS_4 My experience in the virtual environment seemed consistent with my experiences in the real world. PR
PHYS_5 While I was in the virtual environment, I had a sense of “being there”. SBVE
PHYS_10 I was completely captivated by the virtual world. NPARE

Social Presence
SOC_1 I felt like I was in the presence of another person in the virtual environment. SC
SOC_2 I felt that the people in the virtual environment were aware of my presence. HR
SOC_3 The people in the virtual environment appeared to be sentient (conscious and alive) to me. HR
SOC_5 During the simulation there were times where the computer interface seemed to disappear, and I felt like I was working

directly with another person.
NASM

SOC_7 I had a sense that I was interacting with other people in the virtual environment, rather than a computer simulation. NAASI
Self-presence
SELF_2 I felt like my virtual embodiment was an extension of my real body within the virtual environment. SBE
SELF_3 When something happened to my virtual embodiment, it felt like it was happening to my real body. SBC
SELF_4 I felt like my real arm was projected into the virtual environment through my virtual embodiment. SBE
SELF_6 I felt like my real hand was inside of the virtual environment. SBC
SELF_7 During the simulation, I felt like my virtual embodiment and my real body became one and the same. SBC

Note. Physical realism (PR), not paying attention to real environment (NARE), sense of being in the virtual environment (SBVE), not aware of the physical mediation (NAPM),
sense of coexistence (SC), human realism (HR) not aware of artificiality of social interaction (NAASI), not aware of the social mediation (NASM), sense of bodily connectivity
(SBC), sense of bodily extension (SBE).

Table 5
PCM results of the items selected for the final MPS.

Chi square fit PS reliability Cronbach's alpha Item fit Thresholds LD DIF gender Uni-Dimensionality

Physical presence 0.16 0.85 0.84 All OK All OK None No 5.59%
Social presence 0.37 0.79 0.83 All OK All OK None SOC_2 5.70%%
Self-presence 0.21 0.85 0.93 All OK All OK None SELF_4 4.43%
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presence and proto self-presence indicating that the items
measured two different latent traits. Another problem with the
scale was that item SELF_1 (“I felt physically close to objects and
other characters in the virtual environment”) did not measure the
same latent trait as the other items. A closer investigation of this
item indicated that the item was highly correlated with the latent
trait of physical presence, suggesting either that the area attribute it
was intended to measure (self being in the virtual environment), or
the item itself, was more related to physical presence than self-
presence. In order to investigate if this area attribute could be
retained in self-presence, supplemental analyses were conducted
to investigate whether the items intended to measure the area
attribute of sense of being in the virtual environment from the
physical presence scale, were actually better suited for self-
presence. These were: PHYS_5 (“While I was in the virtual envi-
ronment, I had a sense of ‘being there’”), PHYS_6 (“I felt present in
the virtual environment”) and PHYS_7 (“I felt that the virtual
environment surrounded me”). The results from the CFA and PCM
clearly indicated that these items were better measures of physical
presence than of self-presence.

Therefore, the empirical results indicated that the items which
were intended to measure the area attributes of sense of self being
in the virtual environment and emotional connectivity, did not
form a unidimensional scale with the items intended to measure
sense of bodily connectivity and sense of bodily extension. A large
number of iterative analyses were then conducted to investigate if
it was possible to include some of the items from the two area
attributes without any positive results. The best five of the
remaining six items that measured the area attributes of bodily
connectivity and sense of bodily extension were then retained to
form the final self-presence scale (see Table 4).

The final scale with 5 self-presence items met most of the re-
quirements of the PCM as shown in Table 5. That is, the scale had
good general fit to the PCM c2 (10) ¼ 13.25, p ¼ 0.21, all of the five
items fit the model, the scale was unidimensional, there was no
local dependence between the items, or reverse thresholds. Item 4
did exhibit non-uniform DIF across genders. Finally, the PSI and
Cronbach's alpha reliability indices were good with values of 0.85
and 0.93 respectively.

3.2.3. Investigating the dimensionality of the final MPS with CFA
A new CFA with the revised MPS with 15 items (5 per sub-

dimension) was then conducted to assess if the structure of the
MPS was retained in its new form. The results that are shown in the
bottom of Table 2 indicate that the hypothesized three dimensional
model had acceptable and better fit (RMSEA: 0.094, CFI: 0.964, TLI:
0.956) than the unidimensional model (RMSEA: 0.139, CFI: 0.918,
TLI: 0.904). The final three dimensional CFA is shown in the left
panel of Fig. 1. The largest difference between the loadings was for
the factor loading of PHYS_2 (“The virtual environment seemed real
to me”) which was only 0.424 in Study 1, but 0.860 in Study 2. The
results could be due to differences in the sample characteristics, or
the representational fidelity of the two simulations.

3.3. Conclusions of study 1

The results from Study 1 indicate that the items used in this
study measure the three dimensional theoretical model of pres-
ence: physical, social, and self-presence as described in Lee (2004).
Furthermore, IRT analyses indicated that it was possible to limit the
number of items to 15 in the MPS (five items per sub-dimension)
while maintaining the construct validity of the measure. A final
CFA indicated acceptable fit of the revised MPS to the three
dimensional theoretical model described by Lee (2004). However,
the deletion of a large number of items to obtain validity puts into
question the generalizability of the results in this study. Therefore, a



Fig. 1. CFA model with the final MPS in Study 1 and in the cross validation Study 2 samples.

Table 6
Confirmatory factor analysis results.

Cross validation (15 items) RMSEA CFI TLI

Unidimensional 0.184 0.928 0.916
3 dimensions: physical, social, and self-presence 0.114 0.973 0.967
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follow-up cross validation was required to assess the generaliz-
ability of the findings in Study 1.

4. Study 2

The objective of Study 2 was to investigate whether the findings
from Study 1 that indicated that the MPS is a valid and reliable
multidimensional measure of presence would generalize to a new
sample in a new context.

4.1. Sample and procedure

The sample consisted of 118 (71% female) undergraduate stu-
dents from the University of Glasgow who participated in an un-
dergraduate biology course in the Fall 2016 semester. The presence
items from the revised MPS (Table 4) were administered as part of a
post-test immediately after students had taken part in a 1-h virtual
laboratory simulation session. The revised MPS was used along
with a number of other questions that were used by the teachers to
assess the simulation.

The simulationwas a desktop virtual reality version of a bacteria
isolation simulation developed by the simulation development
company Labster. In the simulation students were set the task of
isolating a bacterium that had caused an incidence of food
poisoning. Theywere introduced to the principles of using selective
and differential culture media in microbiology, and given repeated
opportunities to ‘practice’ streaking out bacteria on agar plates,
incubate them, and culture isolated colonies free from contami-
nation. This is a key technique in microbiology lab practice (for
more information on the simulation see Makransky, Thisgaard, &
Gadegaard, 2016, and Labster, 2016b).

Students were informed that the data could be used for
research, and care was taken not to expose the students to any risk
or burden (Helsinki Declaration article 17). The study was approved
by the College of Medical, Veterinary & Life Sciences Ethics Com-
mittee at the University of Glasgow (October 2016).

4.2. Results

The results of the CFA confirm the results from Study 1 (see
Table 6). That is, the hypothesized three dimensional model had
acceptable and better fit (RMSEA: 0.114, CFI: 0.973, TLI: 0.967) than
the unidimensional model (RMSEA: 0.184, CFI: 0.928, TLI: 0.916).
The three dimensional CFA from Study 2 is shown in the right panel
of Fig. 1.

Table 7 shows the results of the fit of each sub-dimension to the
PCM for Study 2. The results support the validity of each sub-



Table 7
PCM results of the items selected for the final MPS.

Chi square fit PS reliability Cronbach's alpha Item fit Thresholds LD DIF gender Uni-dimensionality

Physical presence 0.06 0.85 0.86 All OK PHYS_2 None None 4.24%
Social presence 0.21 0.86 0.90 All OK All OK None None 5.08%
Self-presence 0.82 0.87 0.94 SELF_2 All OK SELF_4 SELF_6 None 3.39%
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dimension. That is, the items in the physical presence sub-
dimension met almost all of the requirements of the PCM. The
scale had good general fit to the PCM c2 (5) ¼ 10.56, p ¼ 0.06. All of
the five items also fit themodel; and therewas no local dependence
between the items, which is evidence that there is no redundancy
between the items in the scale. Furthermore, the five-point Likert
response format functioned well for all items with the exception of
PHYS_2, which had reverse thresholds. The test for unidimen-
sionality indicated that the items measured a single unidimen-
sional scale, and there were no items with DIF for gender. Finally,
the PSI and Cronbach's alpha reliability indices were good with
values of 0.85 and 0.86 respectively.

Similarly, there was almost perfect fit for the social presence
scale. The scale had good general fit to the PCM c2 (5) ¼ 7.17,
p ¼ 0.21. All of the five items also fit the model; and there was no
local dependence between the items. Furthermore, the five-point
Likert response format functioned well for all items, and there
were no items with DIF for gender. The only problemwas that there
were 5.08% significant tests, which is just slightly over the critical
value of 5% and thus an indication that the items might measure
more than one dimension. Finally, the PSI and Cronbach's alpha
reliability indices were good with values of 0.86 and 0.90
respectively.

The self-presence scale also had good general fit to the PCM c2

(5) ¼ 2.21, p ¼ 0.82. Furthermore, the five-point Likert response
format functioned well for all items. The test for unidimensionality
also indicated that the items measured a single unidimensional
scale, and there were no items with DIF for gender. However, there
were some measurement issues in the scale that had not been
identified in Study 1. Item SELF_2 had a fit residual of 2.70, which
indicates that this item did not measure the latent trait of self-
presence as well as the other items in the sub-dimension. There
was also a high fit residual of 0.34 between item SELF_4 (“I felt like
my real arm was projected into the virtual environment through
my virtual embodiment”) and SELF_6 (“I felt like my real hand was
inside of the virtual environment”) which could be evidence of
redundancy between the items. Finally, the PSI and Cronbach's
alpha reliability indices were good, with values of 0.87 and 0.94
respectively.
4.3. Study 2 conclusion

The results from Study 2 suggest that the MPS is a valid and
reliable multidimensional measure of presence. The CFA indicates
that theMPSmeasures the theoretical model of presence suggested
by Lee (2004) with a different sample in a new context, thereby
providing evidence of the generalizability of the findings from
Study 1. Furthermore, IRT analyses indicated that each of the sub-
dimensions in the MPS had acceptable general fit to the PCM.
There were some small problems regarding the fit of the sub-
dimensions including reverse thresholds for PHYS_2 in the phys-
ical presence sub-dimension, a slight indication of lack of unidi-
mensionality for the social presence sub-dimensions, and a lack of
fit for SELF_2 and local dependence between SELF_4 and SELF_6 in
the self-presence sub-dimension. These results, and a comparison
of the results from the two studies, are discussed in more detail in
the next section.
5. Discussion

Presence is one of the most important psychological constructs
for understanding human-computer interaction and although
there are many scales that proport to measure presence in virtual
environments, there is currently no single measure of presence
based on Lee's (2004) unifying definition of the construct which
includes physical, social, and self-presence sub-dimensions. The
objective of this paper was to describe the development of the
Multimodal Presence Scale (MPS) and the validation of the scale
with confirmatory factor analysis (CFA) and item response theory
(IRT).

The results of Study 1 supported the construct validity of the
MPS and suggested that the MPS measures the three dimensional
theoretical model of presence: physical, social, and self-presence as
described in Lee (2004). The results of Study 2 supported the val-
idity of the 15 items that were selected in Study 1 (5 for each sub-
dimension), and suggested that the MPS is a valid and reliable
multidimensional measure of presence.

Although the CFA indicated acceptable fit for the three dimen-
sional model in both studies based on the CFI and TLI fit indices, the
results for the RMSEA were higher than expected. Moreover, the
results showed that each of the three sub-dimensions in the MPS
had acceptable fit for the Partial Credit Model (PCM) within the
framework of IRT in both studies. Although there was some evi-
dence of misfit to the PCM in each of the studies, the results were
not consistent across studies, which suggest that the aberrations
could be due to Type 1 error (because the data had good fit to the
model in both studies). However, more research is needed to
investigate these issues further.

The only consistent source of misfit was that there was slight
evidence of multidimensionality for the social presence sub-
dimension. The principle components analysis identified two po-
tential sub-dimensions within social presence. The three items
intended to measure the area attributes of sense of coexistence and
human realism loaded positively on the first component whereas
the items intended to measure the area attributes of “not aware of
the artificiality of social interaction” and “not aware of the social
mediation” loaded negatively. Although the result was identified in
both studies, the critical value of 5% was within the confidence
interval of the observed values, meaning that there was no clear
evidence of multidimensionality. Therefore, further studies are
needed to investigate the unidimensionality of the sub-dimension.

The importance of validating the MPS with CFA and IRT can be
demonstrated with the physical sub-dimension. The final MPS
contains the same four area attributes as the IPQ (see Appendix 1);
the only previous study to have utilized CFA. This supports the
validity of this analysis for identifying a general structure of a
construct. The IPQ was not however validated further with IRT,
which would have supplied additional information about howwell
specific items function within a given sub-dimension. Through this
analysis the results of the present study showed that the physical
sub-dimension of the MPS could be reduced to five items (as
opposed to 14 items in the IPQ) without compromising the
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reliability, the content, or the construct validity of the scale.
The five items from Witmer and Singer (1998) hypothesized to

measure control/act in the virtual environment did notmeasure the
latent trait of physical presence as defined by the remaining con-
tent of the scale. A closer look at the content of these items suggests
that they could measure immediacy of control. Immediacy of
control is defined as the ability to change the view position or di-
rection, giving the impression of smooth movement through a
virtual environment; and the ability to pick up, examine, and
manipulate objects within the virtual environment (Dalgarno,
Hedberg, & Harper, 2002). The consequences of the user's action
should be appropriately obvious and apparent to the user in order
to afford expected continuities (McGreevy, 1992), and is thus
related to presence. Immediacy of control has been found to predict
presence (e.g., Lee, Wong, & Fung, 2010); therefore it could be that
these features are an antecedent of presence, but not a part of the
construct.

The two area attributes of sense of self being in the virtual
environment and emotional connectivity were eliminated from the
self-presence sub-dimension. The results also indicated that the
item intented to measure sense of self being in the virtual envi-
ronment loaded on the physical presence sub-dimension. The items
intended to measure emotional connectivity clearly measured a
separate latent trait. Therefore, self-presence as measured in the
MPS is a quite narrow construct with representation of two area
attributes: sense of bodily connectivity and sense of bodily exten-
sion. One potential explanation for these results is that the virtual
laboratories simulations used in our study were quite limited in
terms of (1) self-representation in the virtual environment and (2)
the ability to induce emotional reactions. The viewing in the virtual
worldwas from a personal perspective, so a participant's self-image
was only viewed as an arm. Thus, if the participant looked down, he
would not see a virtual representation of his entire body. Most
research where self-presence is measured includes the use of av-
atars where one's self-image is more fully represented (e.g. Ratan&
Hasler, 2009; Ratan, Cruz, & Vorderer, 2007). Furthermore, the
simulation's limited ability to induce emotional reactions might be
due to the fact, that they were rather dull with regards to emotional
content. Accordingly, future research is needed where the MPS is
used in other virtual environments which use a richer self-
representation and contain more emotionally arousing content.

5.1. Practical implications and study limitations

The results of this study suggest that the MPS provides a short
yet valid measure of presence based on Lee's (2004) definition of
the term. The fact that the scale is short means that it could easily
be used in most applied settings with a wide range of applications
where the measurement of presence is needed. A unifying oper-
ationalization andmeasurement of presence in VR will also make it
possible to compare and generalize results across studies in
different fields.

One possible limitation of this study was, that the item selection
process was theoretically guided by Lee's (2004) unifying theory of
presence, and this filtering of items based on a theoretical under-
standing might introduce bias. A more open analysis of items with
exploratory factor analysis (EFA) might have suggested a latent
structure of presence different than that presented by Lee (2004).
However, the objective of this study was not to validate Lee's
model, but to develop and validate a measure of presence based on
this theoretical model. Instead of a strictly data-driven analysis
such as EFA, CFA provides the option of investigating whether the
data fits the structure of an a priori hypothesized model in a given
context.

Another limitation of this study was that the MPS was validated
within the context of VR learning simulations. Therefore, the items
were adapted to fit this context. The items would have to be
adapted if they are to be used in a different context. Also different
results might be expected across different VR environments. Future
research is thus needed to investigate whether the scale would
function equally well in a different context. Future research should
also investigate the generalizability of these findings for different
samples in different cultures and across different languages. There
are great advantages of using CFA and IRT to validate psychometric
instruments, because they provide a detailed understanding of the
validity of the measures. Furthermore, they make it possible to
investigate the measurement invariance of a scale across different
cultures or contexts (Makransky & Glas, 2013; Palic, Kappel, &
Makransky, 2016). Therefore, we suggest that future research take
this approach.
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