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Abstract Social presence theory was developed by Short et al. (The social psychol-
ogy of telecommunications. Wiley, London, 1976) to explain the impact of different
media such as text, audio, or video on interpersonal communication. They defined
social presence as “the salience of the other person in the interaction,” which was
interpreted as the degree to which the other person is perceived as physical “real” in
the communication. Social presence theory was first applied by Gunawardena (Int J
Educ Telecommun 1:147–166, 1995) for online educational contexts. Since then it
has become an important construct for summarizing the effects of mediated commu-
nication on the social interaction and the group dynamics that happen in distributed
collaborative learning groups. However, a robust scale for measuring perceptions of
social presence is still lacking. Although Short, Williams, and Christie did measure
social presence by using four semantic differential scales, they never validated this
scale. Indeed, other social presence instruments have come to existence but none of
these instruments tapped physical realness of others as the single trait of interest. Fur-
thermore, questions may arise about the psychometric qualities of these instruments
as they, at best, used exploratory and confirmatory factor analyses but did not account
for the nonlinearity of rating scale steps and other issues. To fill this gap, the current
research aimed at developing a robust social presence measure by using the Rasch
measurement model as a rigid construct validationmethod. The findings of the Rasch
analyses (fit of items and persons, unidimensionality, category probability curves)
in Winsteps version 4.4.1 revealed two dimensions of social presence: Awareness of
others and Proximity with others. The first was measured with 15 items while the lat-
ter was measured with 12 items. The psychometric quality of the Awareness 15-item
set was good to excellent whereas the quality of the Proximity 12-item set was mod-
erate to good. Future research is aimed to improve the psychometric qualities even
more and also to determine whether the two dimensions are actually inconsequential
(Linacre in Detecting multidimensionality in Rasch data using Winsteps Table 23,
2018b).
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Introduction

Through the rise of internet and accessible and affordable information and commu-
nication technology, educational settings today routinely make use of technology
to deliver instruction and mediate communication. For example, online (collabora-
tive) learning relies in large part on computer-mediated communication (CMC) for
social-interaction among students as well as between students and instructors. Even
today, with increasingly sophisticated technology, this educational landscape is still
dominated by text-based asynchronous communication (e.g., message boards), in
learning management systems (Legon & Garrett, 2018). Unlike face-to-face com-
munication, CMC usually conveys little socio-emotional cues. Psychologically, this
can impact not only how this type of communication is perceived but also how the
communication partner is perceived (Walther, 1992, 1996). In learning settingswhere
almost everything is technologically mediated, this may have a profound impact on
the experience. Thus, researchers have turned to the concept of social presence to
understand the mechanisms governing beneficial learning climates and interpersonal
connections among students in these settings. A large corpus of research has since
emerged, showing that the degree of social presence directly and indirectly influences
the online learning experience in many different ways, for example by being related
to satisfaction, perceived learning, and group climate (Gunawardena & Zittle, 1997;
Richardson, Maeda, LV, & Caskurlu, 2017; Richardson & Swan, 2003; Weidlich &
Bastiaens, 2017).

Unfortunately, the concept of social presence is also contested; a plethora of
different definitions of social presence can be found in the literature (Lowenthal
& Snelson, 2017). Moreover, they are often convoluted. For example, Lowenthal
(2010) observed that the continuum of definitions ranges from social presence as
the salience of the other person in the interaction to the degree of an interpersonal
emotional connection. For example, Gunawardena and Zittle (1997) define it as “the
degree to which a person is perceived as a ‘real person’ in mediated communication”
(p. 9). On the other hand, Tu and McIsaac (2002) interpret it as a “measure of the
feeling of community that a learner experiences in an online learning environment”
(p. 131). Some of them may fall somewhere in the middle of the continuum, as is the
case with Rourke, Anderson, Garrison, and Archer (2001) when they define it as “the
ability of learners to project themselves socially and affectively into a community
of inquiry” (p. 50). When considering the research, these heterogeneous and often
convoluted definitions makes differentiating social presence from other related—but
not synonymous—variables difficult. For a more in-depth review of how scholars
have defined social presence in the past and which variables are often entangled
with social presence, refer to Lowenthal and Snelson (2017) and Weidlich, Kreijns,
Rajagopal, and Bastiaens (2018), respectively.
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Unsurprisingly, the lack of consistency is also reflected in attempts to measure
social presence. Rourke et al. (2001) established twelve indicators of social pres-
ence along the dimensions affective, interactive, and cohesive responses. However,
this behavioral approach to measuring social presence does not have the individ-
ual student as unit-of-analysis, but instead the overall Community of Inquiry (CoI).
Focusing more on individual students’ perceptions, a CoI survey instrument was also
developed (Arbaugh et al., 2008). Outside of theCoI framework, there aremanymore
social presence measures (e.g., Gunawardena 1995; Gunawardena & Zittle, 1997;
Tu, 2002). Because these measures are based on convoluted definitions of social
presence, they too may be convoluted. Indeed, Kreijns, Kirschner, Jochems, and van
Buuren (2011) and Kreijns et al. (2014) showed that many of these measures do not
exclusively measure social presence, but are ‘contaminated’ with “varying aspects
of an amorphous set of variables [...] to varying degrees” (p. 371).

It is a problem for a science aiming to be cumulative if basic cornerstones are
undermined and reinterpreted in every other new study. If we want to stop the invalid
approach of treating social presence as a shapeshifter, it is necessary to adopt a clear
and precise definition of the phenomenon. We aim to do this by taking the original
Short, Williams, and Christie (1976) definition as a starting point: social presence as
“the degree of salience of the other person in the communication and the consequent
salience of the interpersonal relationships”. In line with recent arguments by Öztok
and Kehrwald (2017) and Lowenthal and Snelson (2017), we restrict our definition
to one idea, namely the first part, the salience of the communication partner. In other
words, social presence is the psychological phenomenon that the other is perceived
as “real” in the communication; the subjective feeling of being with other salient
social actors in a mediated space.

Through this clarification, ameasure tapping this and only this phenomenon can be
constructed. Only then can social presence be disentangled from its correlates, allow-
ing us to gradually learn from our empirical study of the phenomenon. In the follow-
ing sections, we will shortly review some previous attempts to measure social pres-
ence and how these have fallen short in different ways. Then, we outline our approach
of constructing a social presence measure with the Rasch measurement model, based
on the precise and narrow definition of the phenomenon.

Theoretical Framework

As early scholarship in social presence focused on the intrinsic qualities of the com-
munication medium to convey socio-emotional cues, measures of social presence
were accordingly concerned with these fixed properties. Short et al. (1976) used a
semantic differential approach with four-word pairs: personal-impersonal, sensitive-
insensitive, warm-cold, and sociable-unsociable. However, they did not provide any
information about validation processes accompanying this measure.

Gunawardena (1995) developed a measure for social presence by extending this
approach to 17 bipolar items aimed at soliciting “student reactions on a range of
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feeling towards the medium of CMC” (p. 150). These items included for example
stimulating-dull, personal-impersonal, warm-cold, and helpful-hindering. Although
this research is framed in terms of social presence, these items do not exclusively
focus on one construct but on many different things. Just like Short et al. (1976),
Gunawardena did not report information about validity and reliability of hermeasure.

Shortly thereafter, Gunawardena and Zittle (1997) developed a 14-item social
presence scale. They constructed items around the concept of immediacy (Wiener
& Mehrabian, 1968), a notion integral to but not identical with social presence.
Example items of this scale are “CMC is an excellent medium for social interaction”,
“I felt comfortable interacting with other participants in the conference”, and “The
moderators created a feeling of an online community”. Although some items may
be closely related to or identical to perceptions of social presence, there are also
items that certainly are not. The authors report a Cronbach’s α of 0.88, which is
misleading, taking into account that the measure is unlikely to be unidimensional as
per face validity. Even today, this scale remains a popular way of measuring social
presence in online learning contexts (Richardson et al., 2017).

Another well-cited early measure of social presence was presented by Tu (2002)
and used by Tu and McIsaac (2002). Here, social presence consists of three dimen-
sions: Social context, online communication, and interactivity. Additionally, privacy
was found to be a major factor related to these dimensions. Here, too, social presence
is understood as a quality that students ascribe to the communication medium, not a
phenomenological experience that may vary independently of the medium used for
CMC. From a measurement point of view, it is problematic that these dimensions
focus on variables that are peripheral, but not exclusive to the phenomenological
experience of the realness of the other.

More recently, a Community of Inquiry (CoI) survey instrument of social pres-
ence was developed (Arbaugh et al., 2008; Carlon et al., 2012; Diaz, Swan, Ice, &
Kupczynski, 2010). Here, social presence is operationalized among the three dimen-
sions of open communication, group cohesion, and personal/affective projection.
Again, variables that are peripheral to the phenomenological experience of social
presence are used as the basis of measurement. In addition, Lowenthal and Dunlap
(2014) found that, in itself, this measure does not align well with the CoI indicators
it purports to represent.

Kreijns et al. (2011) first presented a measure that was based on the “realness”
dimension, i.e. the narrow definition of social presence. Yet, it has three drawbacks.
First, it made an explicit distinction between synchronous and asynchronous com-
munication settings. A possible difference in the degree to which Social Presence
is perceived in both environments should be irrelevant because, according to the
Rasch measurement model, a social presence measurement instrument is expected
to measure invariantly in both settings. However, the instrument will probably show
that each setting produces different perceptions of social presence. This is compa-
rable with a thermometer meant to measure temperatures in the desert as well as on
the north or south pole. Second, with only five items it may not fully represent the
breadth and depth of the experience of social presence (Messick, 1996). Third, it
was validated through exploratory factor analyses, which assumes that the measures
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that are used are interval measures, whereas only Rasch modeling can produce more
robust measures by transforming qualitatively ordered data into interval measures
if the data fit the Rasch measurement model (see for other issues related to factor
analysis and Rasch modeling: Sick, 2011).

Recently, Öztok and Kehrwald (2017) wondered if it may be time to kill social
presence. That is, should we skip this shapeshifting concept and find a more refined
alternative to provide the necessary vocabulary for understanding mediated learning
experiences?We suggest that with a (1) precise definition and (2) a psychometrically
robust approach to developing a measure, it is, in fact, possible to restore and purify
social presence. Now thatwe have done the first step (i.e. precise definition), wemove
on to the second step and propose the Raschmeasurement model (Bond&Fox, 2015;
Rasch, 1960) as the process for developing and improving a social presencemeasure.
Our approach will be outlined in the following chapters.

Construction of the Social Presence Measure

The construction of the set of items that measure social presence followed the
guidelines outlined by the construct-modeling framework of Wilson (2005; see also:
Duckor, Draney, &Wilson, 2009). The framework represents a development cycle in
which four building blocks are central, namely: (1) construct maps, (2) items design,
(3) outcome space, and 4) measurement model. It was anticipated that the Rasch
measurement model (Bond & Fox, 2015; Rasch, 1960; Wright & Masters, 1982)
would be applied. Therefore, the goal is the construction of a variable map orWright
map, which is a visual representation of the latent variable. This visual representation
is a line on which the item step-calibrations are placed in an ordered way from low to
high (Engelhard, 2013; Chap. 4). At the same time, the Rasch measurement model
depicts the person capabilities (endorse-abilities) similarly on the same line. The cal-
ibrations are the difficulty levels of the item step categories and the person positions
on the line are the degrees to which the persons endorse the measured phenomenon.
As a consequence, the Wright map, thus, can be regarded as a yardstick, very similar
to a ruler where centimeters are shown by small strokes at precise, equal distances
from each other.

Construct Maps

In this building block, the latent variable is determined. In the current study, the
latent variable is social presence, which is defined as the degree of perceived phys-
ical realness of the other persons when communicating through telecommunication
media.
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Items Design

The Rasch measurement model prescribes that scale items must vary in their degree
of difficulty so to be able to differentiate respondents of different ability. To be
precise: the Rasch measurement model requires items that are easy, moderate and
hard to endorse by respondents in order to differentiate respondents who have low,
average and high perceptions of the physical realness of the other persons inmediated
communication. How easy, moderate and hard items are endorsed is expressed in
the calibrations of these items. The Rasch analyses will reveal those calibrations by
producing the Wright map.

Kreijns,Weidlich, and Rajagopal (2018) made the first attempt to construct such a
set of items. The Rasch analyses in this first attempt revealed that 10 out of 16 items
could form a unidimensional scale with satisfying psychometric properties. This
preliminary social presence measure was excellent in differentiating respondents
who had high perceptions of the realness of the other persons but felt short in the
differentiation of respondents with low perceptions due to a lack of easy items. The
current research was a follow-up of that research and enlarged the set of 10 items
with 20 new items that aimed to fill the gap between items that are easy and difficult
to endorse. In addition, though the preliminary social presence measure was found
to be unidimensional, the Rasch analyses signaled a potential issue regarding its
dimensionality caused by two or three items. The current administration of the 30-
item social presence measure further investigated this issue. Figure 11.1 depicts all
the items used for analyzing the enlarged social presence measure. Each item used
the preamble “In this learning environment ….” To save space, Fig. 11.1 is ahead of
the Rasch analyses and also shows the results these analyses reported in the Results
section. As already can be seen, two dimensions emerged from the Rasch analyses:
Awareness of the others and Proximity with the others.

Outcome Space

The previous research of Kreijns et al. (2018) regarding the preliminary social pres-
ence measure made clear that the use of Likert scales with seven rating scale steps
(1 = totally disagree, 2 = disagree, 3 = somewhat disagree, 4 neither disagree or
agree, 5 = somewhat agree, 6 = agree, 7 = totally agree) was problematic. The use
of seven rating scale steps confused respondents and categories had to be collapsed
(2 and 3, and 4 and 5). Therefore, the current research used Likert scales with five
rating scale steps (1 = totally disagree; 2 = disagree; 3 = neither disagree or agree;
4 = agree; 5 = totally agree), see also Fig. 11.1.
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1 These items were reversed coded 
2 These items were reused from the preliminary social presence measure (Kreijns, Weidlich, & Rajagopal, 2018) 
3 See about the use of Cronbach’s α: Linacre (1997) 
All items used a 5-point Likert scale (1 = totally disagree, 5 = totally agree). 

Fig. 11.1 The two dimensions of the social presence measure: awareness of others and proximity
with others

Measurement Model

As already mentioned above, the Rasch measurement model was applied because
the model, and its types of analyses, are superior to measurement models based on
classical test theory (CTT; see: Crocker & Algina, 1986) for construct validation of
measures. Rasch analyses take many issues into account that CTT does not, which
results in the development ofmeasures that are as robust as those found in the physical
domain. According to Boone (2016; see also: Pallant & Tennant, 2007; Tennant &
Conaghan, 2007; Wright, 1992) these issues pertain, amongst others, to the non-
linearity of the rating scale steps, the dependency on the sample of respondents, and
the imputation of missing values.
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Method

Respondents

Respondents were 82 students of the largest distance university in Germany, Fern
Universität in Hagen. This convenience sample consisted of students enrolled in B.A.
Educational Science. Seventy-three students were female and nine male. Mean age
was 36 years. Data collection was conducted over the summer semester of 2018.

Procedure

Students were recruited through the learning management system Moodle, in which
most course activities take place. On the central message board of the course, stu-
dents were notified of the survey and asked to participate, with no course credit or
reward attached to participation. The provided link directed them from the learning
environment directly to Limesurvey, where they were informed about the upcom-
ing survey, e.g., guarantee of anonymity, right to withdraw their data, and estimated
duration. The raw set of 30 items was only a part of the survey, with other scales
and measures also pertaining to student’s perceptions and experiences in the learning
environment. The survey took a total of about 20 min to complete.

Analysis

Rasch analyseswere conducted on the 30 items that form the social presencemeasure.
These items were designed to provide qualitatively ordered measures of physical
realness of the other persons in the communication. All items used Likert scales with
five rating scale steps to get an item score. The Winsteps software version 4.4.1 was
used for conducting the analyses (Linacre, 2018a). For simple descriptive analyses,
SPSS version 24 was used.

Conducting the Rasch analyses was an iterative process. The first step was detect-
ing and removing persons who for obvious reasons would not contribute to scale
construction or would not fit the Rasch measurement model beforehand. These per-
sons included those respondents who did not give any response on all items or
from whom the person profile was unexpected; for instance when the person profile
showed responses from which it is suspected that they were deliberately given out
of convenience or out of carelessness. In general, when the person’s responses on
all items of a measure are all 3’s (i.e., the “neutral” choice), this may count as an
unexpected profile given the fact that items differ in their level of difficulty and, thus,
responses above or below 2 are expected. Of course, those latter persons would have
been identified in the next steps and then removed but the a priori removal of them
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saves time. Extreme persons, however, were not removed; extreme persons are those
respondents whose person profile shows responses on all 30 items either as all 1’s
(these persons are minimum extremes) or as all 5’s (these persons are maximum
extremes). In general, if the person profile shows responses that are all 1’s, it means
that a measure is not able to differentiate between persons with (very) low ability,
and when the profile shows responses that are all 5’s, it means that the measure is
incapable to differentiate between persons with (very) high ability.

The second step was detecting persons and items that misfit the Rasch model but
that can be “repaired.” In general, repairing means that some responses in the person
profile on particular items are marked as missing if these responses are unexpected;
that is, when they bring about the person and item infit and outfit MNSQ and ZSTD
values to fall outside the safe zone. The safe zone is for MNSQ those values between
0.5 and 1.5 and for ZSTD values between −1.9 and +1.9 (Linacre, 2002). Indeed,
such practice is advocated by Linacre: “[t]o evaluate the impact of any misfit, replace
suspect responses with missing values and examine the resultant changes to the
measures” (2002, p. 878). Thus, repairing the person’s profile affects person and
item infit and outfit MNSQ and ZSTD values; the goal is that these person and item
infit and outfit valueswill eventually fall within the safe zone; Repairing and checking
person and item infit and outfit values is also an iterative process; the procedure is
fully described in Boone, Staver, and Yale (2014, Chap. 8). Hereby, they stated that
for repairing the person profile, person outfit values should be inspected as the outfit
statistic is more sensitive to outliers and easier to manage (see also Linacre, 2002).
Boone et al. (2014) recommends that for items, the item outfit MNSQ values should
be inspected and for persons, the person outfit ZSTD values. With regard to person
outfit ZSTD values, they found out from experience that the safe zone could be
relaxed somewhat; that is, the safe zone for person outfit ZSTD values is between
−3 and +3. Nevertheless, not only the person and item outfit values are inspected,
infit should be inspected as well. Infit statistics are more sensitive to inliers, that
is, to the patterns of responses to items targeted on the person. Though, they are
hard to repair (Linacre, 2002). If, however, for some persons, the person and item
infit and outfit values remain outside the safe zone, whatever reparation is applied to
the person profile, it may be decided to remove these persons with the consequence
to completely rerun the second step (Curtis, 2004; Pallant & Tennant, 2007). Such
complete rerun of the second step is also necessary in case for items, the item infit
and outfit MSNQ and ZSTD values will still not fall in the safe zone regardless of
howmany person profiles are repaired or persons removed and, thus, the item have to
be removed. A complete rerun means that all person profiles reparations are undone
before the re-rerun with the removed persons or items is performed.

The third step was inspecting whether the social presence measure emerges as a
unidimensional or multidimensional Rasch model. This inspecting is done by per-
forming a principal component analyses (PCA) on the residuals to detect potential
off-dimensional item-correlated activity (Linacre, 2018b; Smith, 2002). The reported
PCA results include values for the raw unexplained variances in the first contrast;
these values are expressed in Eigenvalue units that correspond to the number of items
that potentially measure something different than the other items. Linacre (2018b)
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pointed out that accidental correlations—up to two or three items—are not uncom-
mon. Thus, when the raw unexplained variances in the first contrast exceedmore than
two items, decisions on whether there are items measuring something else should
take these accidental correlations into account; that is, only the non-accidental cor-
relations should be considered. To determine the accidental correlations, Linacre
(2018b) advised analyzing simulated data produced by the Winsteps program while
assuming a unidimensional Rasch model with item calibrations and person measures
derived from the observed data. Furthermore, Pearson correlations and, more impor-
tant, the disattenuated correlations between item cluster 1 and 2 should be inspected.
According to Linacre (2018b), correlations > 0.70 indicate items probablymeasuring
the same thing, and correlations < 0.30 indicate items measuring different things.
Correlations between 0.30 and 0.70, however, mean that multidimensionality may
potentially exist.

The fourth step was inspecting the ordering functioning of the rating scale steps.
Linacre (2004) has drawn up six criteria: The first is a minimum of 10 persons for
each step category. The second is that the average step category calibrations must
increase monotonically when the rating scale step number is also increasing. The
third is that the step calibrations (or thresholds) must increase monotonically when
the rating scale step number is also increasing. The fourth criterion requires the outfit
MNSQ statistics to be < 2.00. The fifth is that the threshold distance between the step
thresholds should be greater than 1.4 but no more than 5.0 logits. The sixth criterion
holds that the category probability curves should show a distinct peak for each rating
scale step category.

The fifth step was inspecting the Wright-maps. For that purpose, two different
Wright-maps were drawn in the same figure, one at the left side and one at the right
side of that figure. The left Wright map is showing the distribution of the item rating
scale step numbers (right of the left Y-axis) and, at the same time, the distribution of
the person measures (left of the left Y-axis). The position of the item rating scale step
number on the Y-axis indicates that the probability of an endorsement by a person,
whose measure is at the same position on the vertical axis, is 50% to be in that rating
scale step or those above, and 50% to be in the adjacent lower rating scale step or
those below. Thus, when the item rating scale step number, for example, is 2, it refers
to the 50% threshold between the rating scale steps 1 and 2. The Wright map only
shows the rating scale step numbers 2, 3, 4, and 5,which stands for the 50% thresholds
between the rating scale steps 1 and 2, 2 and 3, 3 and 4, and 4 and 5 respectively.
Minimum extreme persons (if any) are depicted at the lowest position on the vertical
axis whereasmaximum extreme persons (if any) are depicted at the highest positions.
The right Wright map is showing the distribution of the item calibrations along the
right Y-axes. The item calibration is the position on the vertical axis at which the
probability of an endorsement by a person, whose measure is at the same position
on the vertical axis, is 50% to be in the higher rating scale steps and 50% to be in
the lower rating scale steps. Both Wright-maps give insight into some psychometric
properties. First, the distribution of the item calibrations on the Y-axis may indicate
gaps in which the measurement of persons is less accurate than other areas on the
Y-axis. Also, items may be too easy or too difficult to endorse by respondents; the
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first will causemanymaximum extreme persons, the latter will causemanyminimum
extreme persons. Then, some itemsmay have almost the same positions on the Y-axis
and, thus, their item calibrations are almost the same. In future administrations of
the social presence measure, only one of these items would be sufficient. Second, the
ordering of the rating scale steps (see the fourth step) is made visible, which makes
it easy to see any irregularities.

Results

The first series of Rasch analyses on the complete set of 30 items revealed in the
first and second step severe infit and outfit problems with two items of this set,
namely the item “… it feels like my fellow students are just passers-by” and the item
“… I imagine I can feel my fellow students’ breath.” These problems could not be
removed even when quite a number of person profiles were repaired on these items
or persons removed. It was decided to remove these two items. A complete rerun
of the second step was performed with the remaining set of 28 items. In this step
33 person profiles were repaired and 19 persons removed before persons and items
were all in the safe zone. Furthermore, the analyses showed that for the item “…I
only get a vague notion of my fellow students” category 4 was easier to endorse than
category 3; these categories were endorsed by 13 and 18 persons of the remaining 63
respectively. These numbers were substantial and, therefore, the item was removed.
A similar problem was identified with the item “…I constantly feel that my fellow
students are around;” category 5was easier to endorse than category 4. But here these
categories were endorsed by only 2 and 1 person of the 63 respectively. Therefore,
this item was not removed but kept under watch in the next analyses. Because four
person profiles belonged to the removed persons and three repairs pertained to the
newly removed item, the analyses effectively continued with 29 repaired person
profiles: 18 profiles had 1 repair, 3 had 2 repairs, 4 had 3 repairs, 2 had 4 repairs, 1
had 9 repairs and 1 had 11 repairs. The persons with the latter two profiles were also
kept under watch in the next analyses because of the high number of repairs.

The third step revealed that the scale had at least two dimensions: the unexplained
variance in the first contrast was 4.94 Eigenvalue units (see Fig. 11.2, which is show-
ing a part of the Winsteps Table 23.0), which corresponds to about five items. Fur-
thermore, Pearson correlation and disattenuated correlation of the first and third item
clusters were 0.53 and 0.62 respectively. These findings suggested that while some
items are measuring something else, there is still a moderate correlation between
these items and the other items. As already mentioned before, according to Linacre
(2018b), correlations below 0.70 indicate that multidimensionality potentially may
exist and, thus, need to be investigated.

To determine the accidental correlations simulated data were used (Linacre,
2018b). These data showed an unexplained variance in the first contrast of 2.39
Eigenvalue units. Thus, two to three items were accidentally correlated. Given the
unexplained variance in the first contrast of the observed data, it meant that at least
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Fig. 11.2 Reported explained and unexplained variances

two to three items were indeed measuring something else. Winsteps Table 23.2 sug-
gested two sets of items that potentially could form a dimension. It was decided to
continue with separate analyses with these two sets of items; the first set contained
15 items whereas the second set contained 12 items. Because the two items sets were
derived from the 27 remaining items, the three removed items were not included in
the separated analyses. As the items of the first set referred to the awareness of others
in mediated communication, this item set was designated as Awareness of others, or
for short, the Awareness 15-item set. In contrast, the items of the second set referred
to the proximity with others in mediated communication. Therefore, this item set
was designated as Proximity with others, and the item set as the Proximity 12-item
set.

Before continuing with the separated analyses, we performed ancillary analyses
and cross-plotted all 82 person measures as measured by the first Awareness 15-item
set against the personmeasures asmeasured by the second Proximity 12-item set; see
Fig. 11.3.Hereby, item calibrations and item structure-thresholdswere anchored in so
far that anchoring did not cause displacements in the item calibrations to exceed 0.50
logits (O’Neill, Peabody, Tan &Du, 2013). Because all displacements were between
−0.17 and 0.19, all items could be anchored and none had to be freely estimated.
Anchoring was accomplished by using the IFILE and SFILE options ofWinsteps and
was based on 63 persons (19 persons were removed). The plot also shows the 95%
confidence band. The plot revealed that 39% of the person measures were beyond the
95% confidence band, which is significantly more than the 5% that can be expected
at random. In addition, the analysis indicated that the person measures as measured
by the two item sets correlated with 0.63, whereas the disattenuated correlation was
0.71, which is substantial, but not redundant. In sum, these findings underlined the
conclusion that indeed there are two distinct dimensions.
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Fig. 11.3 Cross-plot of all
82 person measures as
measured by the awareness
15-item set against the
measures as measured by the
proximity 12-item set. Items
were anchored on 63 persons

First Item Set: Awareness of the Others

Separated series of Rasch analyses were performed on the Awareness 15-item set.
Before these analyses were performed, all removed persons were reentered and
person profiles restored in the original state; that is, all reparations were undone.

During the performance of the first and second step, two persons had to be
removed; these persons were identified as the persons who had the most repara-
tions in the person profiles in the previous analyses,. A complete rerun of the second
step turned out inminor reparations of some person profiles (14 profiles had 1 repairs,
6 had 2 repairs, and 1 had 4 repairs) to get all items within the safe zone. This was not
true for the persons but it could only be achieved by the removal of yet another 21
persons. Cross-plotting the items calibrations with the two removed persons against
the calibrations with the 23 removed persons only resulted in small shifts of the
calibrations (see Fig. 11.4 left pane). The Pearson correlation between the two sets
of item calibrations was 0.998 and the disattenuated correlation 1.0. Cross-plotting
all 82 person measures where the items were anchored using 80 persons (two per-
sons were removed) against all 82 measures where the items were anchored using
59 persons (23 persons were removed) resulted also in small shifts of the measures
(see Fig. 11.4 right pane). The Pearson correlation between the two sets of person
measures was 0.999 and the disattenuated correlation 1.0. Therefore, it was decided
to keep the 21 persons in the analyses and ignore the fact that not all persons were
in the safe zone.

Inspection onto potential dimensionality in the third step revealed an unexplained
variance in the first contrast of 2.86 Eigenvalue units and for the simulated data the
unexplained variance in the first contrast was 2.02 Eigenvalue units. This means that



210 K. Kreijns et al.

Fig. 11.4 Left: cross-plot of the items calibrations with the two removed persons against the
calibrations with the 23 removed persons. Right: cross-plot of all 82 person measures where items
were anchored using 80 persons against all 82 person measures where items were anchored using
59 persons; the one minimum extreme person is not shown

only one item could be held accountable for measuring something different, which
is the usual case in Rasch measurement. Pearson correlation and disattenuated cor-
relation of the first and third item clusters were 0.53 and 0.65 respectively, indicating
a moderate correlation between the first and third item cluster but this was less of
an issue given the fact that inspection of the unexplained variance in the first con-
trast did not signal multidimensionality. Consequently, the conclusion was that the
Awareness 15-item set is a unidimensional Rasch measurement model.

In the fourth step, an inspection of the ordering functioning of the rating scale step
categories. Each step category (see Table 11.1) containedmore observed persons than
the minimum of 10 persons. The average step category calibrations were ordered and
increased monotonically as did the step thresholds. Outfit MNSQ were all < 2.00.
However, in regard to the threshold distances, the distance between rating scale step
4 and 5 was 1.29 and, thus, did not meet the requirement that the distance should be
at least 1.4. Distance peaks were detectable in the category probability curves (see

Table 11.1 Summary of the ordering functioning of the awareness rating scale step categories

Rating scale
step number

Observed
persons

Average
calibration

Outfit
MNSQ

Step
threshold

Threshold
distance

1 73 (6%) −1.59 0.88 None None

2 229 (20%) −0.62 1.04 −2.38 None

3 391 (33%) 0.23 1.05 −0.77 1.61

4 302 (26%) 1.07 1.00 0.93 1.70

5 176 (15%) 2.32 0.94 2.22 1.29
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Fig. 11.5 Left: category probability curves for the awareness 15-items set. Right: itemcharacteristic
curves for the awareness 15-items set

Fig. 11.5 left pane). In additions, the item category curves were also inspected (see
Fig. 11.5 right pane) but no irregularities were observed.

Finally, the Wright map was also inspected; Fig. 11.6 shows two Wright-maps
of the Awareness 15-item set. Both Wright-maps show four psychometric properties
of this set. First, the mean person measure (including the one minimum extreme
person) is 0.44 and the mean item calibration is 0.00 (by definition), a difference
of 0.44 logits. Because the mean person measure is a bit more than the mean item
calibration, it means that the items were slightly easy to endorse by the respondents.
Thus, respondents had no real difficulty in perceiving the awareness of others. Ideally,
the mean item measure should be about 1 logit lower than the mean person measure
(Linacre, 2000, p. 27); it is now<1 logit lower than themean personmeasure. Second,
in the leftWrightmap, the item rating scale step numbers are all in an ascending order
(i.e., rating scale step 2, at the bottom, followed by rating scale step 3 and then rating
scale step 4, and rating scale step 5 at the top), which positively adds to the construct
validity of the measure (Baghaei, 2008). Third, the left Wright map shows that the
higher end of the person measure distribution along the Y-axis is well covered by the
highest item rating scale step (i.e., item rating scale step number 5). Nevertheless, the
Wright map indicates that the measure would benefit from items with calibrations
that are higher than item A01’s calibration, which currently represents the highest
calibration of 0.91. Consequently, the current item set wasmoderate in differentiating
persons with (very) high perceptions of the awareness of the others whereas it could
excellently differentiate persons with low and average perceptions of awareness of
the others. This indicates that there was some underrepresentation of the awareness
dimension of social presence (Messick, 1996) which might slightly undermine the
statistical validity (i.e., the reliability). Fourth, the items A01 and A02 were almost
of the same difficulty level, as were the items A03 and A04, the items A05 and A06,
the items A09, A10, and A11, and the items A13 and A14. This suggests that these



212 K. Kreijns et al.

Fig. 11.6 Left: Wright map for the Awareness 15-item set showing the distribution of the item
rating scale step numbers (right of the left axis) and at the same time showing the distribution of
the person measures (left of the left vertical axis). Right: Wright map showing the distribution of
the item calibrations (right of the right axis)
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similar difficulty level items are exchangeable and do not need all to be included in
future administrations of the social presence measure.

Second Item Set: Proximity with the Other

Separated series ofRasch analyseswere performed on the Proximity 12-item set. And
here too, before these analyses were performed, all removed persons were reentered
and person profiles restored in the original state; that is, all reparations were undone.

During the performance of the second step, three persons had to be removed and
minor reparations of some person profile had to be done after a complete rerun (1
profile had 3 repairs, 1 had 4 repairs, 1 had 5 repairs, and 1 had 9 repairs) before all
items were in the safe zone. This was not true for persons and even after the removal
of yet another 19 persons did not bring all personswithin the safe zone. Cross-plotting
the items calibrations with the three removed persons against the calibrations with
the 22 removed persons, however, only resulted in small shifts of the calibrations
(see Fig. 11.7 left pane) except for one item but the shift was still acceptable as
the item was still in within the 95% confidential band. The Pearson correlation
between the two sets of item calibrations was 0.986 and the disattenuated correlation
1.0. Cross-plotting all 82 person measures where the items were anchored using 79
persons (three persons were removed) against all 82 measures where the items were
anchored using 60 persons (22 persons were removed) resulted also in acceptable
shifts of the measures (see Fig. 11.7 right pane). The Pearson correlation between
the two sets of person measurements was 0.997 and the disattenuated correlation 1.0.

Fig. 11.7 Left: cross-plot of the items calibrations with the three removed persons against the
calibrations with the 22 removed persons. Right: cross-plot of all 82 person measures where items
were anchored using 79 persons against all 82 person measures where items were anchored using
60 persons
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Table 11.2 Summary of the ordering functioning of the proximity rating scale step categories

Rating scale
step number

Observed
persons

Average
calibration

Outfit
MNSQ

Step
threshold

Threshold
distance

1 294 (32%) −4.68 0.91 None None

2 343 (37%) −2.50 0.89 −3.92 None

3 217 (23%) −0.89 1.05 −1.24 2.68

4 66 (7%) 1.12 0.88 1.22 2.46

5 8 (1%) 1.63 2.09 3.94 2.72

Therefore, it was decided to keep the 19 persons in the analyses and ignore the fact
that not all persons were in the safe zone.

However, for four items, endorsing category 5 was easier to endorse than category
4. But category 5 was endorsed by only 1 person. Therefore, these four items were
not removed but kept under watch in the next analyses.

Inspection onto potential dimensionality in the third step revealed an unexplained
variance in the first contrast of 2.73 Eigenvalue units and for the simulated data the
unexplained variance in the first contrast was 1.91 Eigenvalue units. This means that
only one item can be held accountable for measuring something different, which
is—as pointed out previously—usually the case in Rasch measurement. Pearson
correlations and disattenuated correlation of the first and third item clusters were
0.64 and 0.82 indicating a high correlation between the first and third item cluster.
The conclusion is therefore that this Proximity 12-item set is a unidimensional Rasch
measurement model.

The fourth step entailed the inspection of the ordering functioning of the rating
scale step categories. Each step category (see Table 11.2) contained more observed
persons than the minimum of 10 persons except for step category 5, which had eight
observed persons. Nevertheless, the average step category calibrations were ordered
and increased monotonically as did the step thresholds. Outfit MNSQwere all < 2.00
except for category 5, which was a little higher than 2.00. Furthermore, all threshold
distances were at least 1.4 and no more than 5.0. Distance peaks were detectable in
the category probability curves (see Fig. 11.8 left pane); the item category curves
were also inspected (see Fig. 11.8 right pane) but no irregularities were observed.

The Wright map was finally inspected; Fig. 11.9 shows two Wright-maps of the
Proximity 12-item set. First, the mean person measure (including the five minimum
extreme persons) is −2.74 and the mean item calibration is 0.00 (by definition),
a difference of −2.74 logits. Because the mean person measure is far below the
mean item calibration, it means that the items were (very) difficult to endorse by the
respondents. Thus, respondents found it difficult to perceive the proximity with the
others. As mentioned before, ideally, the mean item measure should be about 1 logit
lower than the mean person measure; it is now almost 3 logits higher than the mean
person measure. Second, in the left Wright map, the item rating scale step numbers
are all in an ascending order (i.e., rating scale step 2, at the bottom, followed by rating
scale step 3 and then rating scale step 4, and rating scale step 5 at the top), which
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Fig. 11.8 Left: category probability curves for the Proximity 12-items set. Right: item characteristic
curves for the Proximity 12-items set

positively adds to the construct validity of the measure (Baghaei, 2008). Third, the
left Wright map shows that the higher end of the person measure distribution along
the Y-axis is excellently covered by the highest item rating scale step (i.e., item rating
scale step number 5) but this was not the case when looking the lower end. The right
Wright map shows that it would be better also to have items whose calibrations are
lower than that of item P12, the itemwith the lowest calibration of−2.21. Therefore,
this proximity 12-item set insufficiently measured persons with (very) low to average
perceptions of proximity with the others whereas it could excellently differentiate
personswith (very) high perceptions of it. This explains the presence of fiveminimum
extreme persons. It further indicates that there is underrepresentation of the proximity
dimension of social presence (Messick, 1996) which could undermine the statistical
validity (i.e., the reliability) of the Proximity 12-item set. Fourth, some items were
almost of the same difficulty level; these were the items P02 and P03, the items P07
and P08, and the items P09 and P10. Future administrations of the social presence
measure may take advantage out of this.

Summary Statistics

The summary statistics for both items’ sets are shown in Table 11.3. This table show
parts of the Winsteps Table 3.1. As can be seen, these statistics are all excellent.
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Fig. 11.9 Left: Wright map for the Proximity 12-item set showing the distribution of the item
rating scale step numbers (right of the left axis) and at the same time showing the distribution of
the person measures (left of the left vertical axis). Right: Wright map showing the distribution of
the item calibrations (right of the right axis)

Discussion

Although currently quite a number of social presence measures exist, they rarely
address the underlying latent variable, namely perceived physical realness of the other
persons when communicating through telecommunication media. This is because
many different definitions of social presence exist, which was the very reason for
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Table 11.3 Summary statistics

Awareness of others Proximity with others Criterion

Summary of measured
(non-extreme)
persons

79 74

Person separation 2.94 3.10 If > 3.0 excellent
If > 2.0 good
If > 1.5 acceptablea

Person reliability 0.90 0.91

Number maximum
extreme score

0 0 (0%)

Number minimum
extreme score

1 (1.3%) 5 (6.3%)

Deleted persons 2 (2.6%) 3 (4.1%)

Summary of measured
(extreme and
non-extreme) persons

80 79

Person separation 3.03 2.98 If > 3.0 excellent
If > 2.0 good
If > 1.5 acceptablea

Person reliability 0.90 0.90

Person raw
score-to-measure
correlation

0.96 0.96

Cronbach’s α 0.92 0.94

Summary of measured
(non-extreme) item

16 12

Item separation 4.86 5.13 If > 0.1.5 suitable for
analyzing at the
individual level
If > 2.5 suitable for
analyzing groupsb

Item reliability 0.96 0.96

Item raw
score-to-calibration
correlation

−0.99 −0.98

aDuncan, Bode, Lai, and Perera (2013; p. 953)
bTennant and Conaghan (2007)

us to get back to the original definition of Short et al. (1976). This definition is “the
degree of salience of the other person in the communication and the consequent
salience of the interpersonal relationships” (p. 65). The first part of this definition
was identified as “social presence” and is referring to the degree of the realness of the
others in the communication. Furthermore, all these social presence measures were
either not validated (e.g., the four bipolar scales of Short et al., 1976), or based their
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validation on those not validated scales (see Tu, 2002, who remarked that the scale
of Gunawardena & Zittle, 1997, basically was validated by the strong and positive
correlations with bipolar scales derived from the Short, Williams, and Christie’s
instrument of fivebipolar scales), or—at best—validated byusing classical test theory
(CTT) exploratory factor analyses but not always in combination with confirmatory
factor analyses. Whenever they were tested in CFA, the measures were not tested
for their invariance across samples. As pointed out, CCT has been criticized to have
a number of problematic issues including assuming rating scale steps to be linear
while it is not. Therefore, CTT total scores (the sum of the scores of the individual
items) are also not linear and differences between two consecutive CTT total scores
cannot be assumed to be of equal intervals (Wright, 1992). It is for all these reasons
that the Rasch measurement model was used as a rigid construct validation method.

The Rasch analyses revealed that measuring realness of the others in a medi-
ated environment implied that two distinct dimensions have to be addressed, namely
Awareness of the others and Proximity with the others. Awareness of others was
assessed by a 15-items set. The psychometric quality of the Awareness 15-item set
was good to excellent, though this set could be improved in differentiating persons
with (very) high perceptions of the awareness of the others but is excellent in dif-
ferentiating persons with low and average perceptions of awareness of the others.
Proximitywith otherswas assessed by a 12-items set. The psychometric quality of the
Awareness 15-itemwasmoderate to good given the fact that it insufficientlymeasured
persons with (very) low to average perceptions of proximity with the others whereas
it could excellently differentiate personswith (very) high perceptions of it. Our future
researchmay look at these issues and test newly created items that will fill the current
gaps. The two dimensionsmay explainwhy definitions emphasizing awareness of the
others or proximitywith others (or co-presence) exist in the social presence literature.
For example, Tu (2002) defined social presence as “the degree of person-to-person
awareness, which occurs in the computer environment” (p. 34). Biocca and Nowak
(2001) defined it as “level of awareness of the co-presence of another human, being
or intelligence”, and Kim (2011) as “the specific awareness of relations among the
members in a mediated communication environment and the degree of proximity
and affiliation formed through it” (p. 766). Finally, Sung and Mayer (2012) defined
online social presence “as the subjective feeling of being connected and together with
others during computer mediated communication” (p. 1739). Our future study will
also include more respondents in the Rasch analyzes than the 82 people used in the
current analyzes, although Linacre (1994) found that only 30 items administered to
30 respondents can produce useful measures. These respondents will be taken from
different online settings (e.g., MOOCs, virtual classes, online collaborative learning)
to test the measurement instrument’s invariance across these settings.

Our findings, however, differ from Short et al. (1976) conviction that social pres-
ence should be regarded as a single dimension. Our future research should investigate
this issue. One direction is pointed out by Linacre (2018b): perhaps the two dimen-
sions represent the same strand—which is social presence as realness of the other—in
a similar manner as “addition” and “subtraction” within “arithmetic,” causing incon-
sequential dimensions. Furthermore, Linacre (2018a): stated that in some cases an
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instrument may be declared as unidimensional for the purpose of the measurement
(see also, https://tinyurl.com/yxflh64z).

Once a reliable measurement instrument is available for social presence as the
realness of the others in the communication, attention can be put on the antecedents
and consequences of social presence. In particular, with respect to the latter, we
will focus on the second part of the Short, Williams, and Christie’s definition of
social presence (i.e., “the consequent salience of the interpersonal relationships”),
which we have identified as social space. Social space is the network of interpersonal
relationships that exists among communicating persons, which is embedded in group
structures of norms and values, rules and roles, beliefs and ideals (Kreijns, VanAcker,
Vermeulen, & van Buuren, 2014, p. 11). A sound social space is manifest when it is
characterized by a sense of belonging, feeling of connectedness, mutual trust, open
atmosphere, shared social identity, and sense of community (Kreijns et al., 2018).
With respect to the antecedents of social presence, the social presence literature has
listed numerous potential antecedents. Amongst them are immediacy and intimacy
behaviors (Short et al., 1976;Wei, Chen, &Kinshuk, 2012), and social respect, social
sharing, open mind, social identity, and intimacy. (Sung & Mayer, 2012).
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