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The Effects of Immersion and Real-World Distractions
on Virtual Social Interactions
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Abstract

This study explores the independent and joint effects of immersion and real-world distractions (a ringing cell
phone) on cognitive (i.e., recognition and recall), affective valence, and interpersonal outcomes (i.e., inter-
personal liking and communication satisfaction) as well as general feelings of presence (social presence and
telepresence) during a virtual experience. Participants interacted with a virtual agent in an immersive virtual
environment or nonimmersive virtual environment under three different levels of real-world distractions (i.e.,
no distraction, passively being exposed to the sound of a ringing cell phone, and actively responding to ringing
cell phone). Increased immersion had a positive effect on telepresence, but a negative effect on recognition and
recall; immersion did not have a significant effect on social presence. Real-world distractions had a negative
effect on recognition, recall, and social presence, but did not affect telepresence or affective valence. Parti-
cipants who were actively distracted performed more poorly on the recall measure and reported lower levels of
social presence than their passively distracted counterparts. These findings suggest that (a) increased immersion
will not uniformly improve social virtual reality experiences and (b) more research is needed on whether and
how real-world events should be integrated into virtual environments.

Keywords: social virtual reality, breaks in presence, immersion, distraction, limited capacity model of moti-
vated mediated message processing, media multitasking

Introduction

W ith the increasing availability of virtual reality
(VR) technology, there has been great optimism re-

garding the potential of VR as an everyday communication
tool.1 Multiple companies have launched social VR platforms
(e.g., Facebook Spaces and VRChat), which allow users to
connect with other people in immersive virtual environments
(IVEs). Perhaps with the goal to make the experience as
seamless as possible, there have also been efforts to enable
media multitasking2 within VR. For example, one commercial
VR headset (HTC Vive) allows users to receive and respond to
notifications from their phone through Bluetooth technology.3

Despite the amount of resources going into developing
social VR platforms, few research studies have explored how
the introduction of immersive VR technology affects one’s
communication experience (exceptions include4,5). In addi-
tion, considering that distractions from the physical world
hinder one’s sense of presence (i.e., the subjective feeling of
‘‘being there’’) in VR,6 it is unclear what, if any, the benefits
of enabling media multitasking within VR would be. Despite
the significance of this issue, only a handful of studies sys-

tematically explored the impact of real-world distractions on
one’s VR experience.6,7 In addition, the majority of this re-
search used passive distractions (e.g., overhearing the ex-
perimenter8), whereas media multitasking typically consists
of active distractions9 where people actively engage in var-
ious streams of information (e.g., talking on the phone while
responding to an e-mail). This study aims to bridge this gap
in the literature by examining the separate and joint effects of
a common real-world distraction—a ringing cell phone—and
the degree of immersion on recognition and recall, affective
valence, interpersonal liking, communication satisfaction,
and general feelings of presence.

The aforementioned variables have been used in previous
studies on interactions. For instance, studies on recall asked
participants to report as much as they can remember about
the conversation content (‘‘free recall’’), whereas recogni-
tion was assessed by whether participants could determine
whether specific information was mentioned during an inter-
action.10 As both are measures of cognitive processing, recall
and recognition are referred to as ‘‘cognitive outcomes’’ from
hereon. Liking and communication satisfaction are interper-
sonal evaluations of how socially desirable the interaction
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partner was and how enjoyable interaction itself was, respec-
tively, as defined by previous research.11,12 These measures
will be referred to as ‘‘interpersonal outcomes’’ from hereon.
Affective valence can be assessed by the valence of words that
participants use to describe an experience. For example, more
positive words (e.g., happy, exciting, and stimulating) indicate
that they felt more positively about the experience.13 Finally,
telepresence describes the psychological state of feeling
physically present in a virtual environment,14 and social
presence refers to the sense of being together in the virtual
environment with a real person15; we address both dimensions
of presence, in line with extant research.16,17

Immersion and virtual interactions

Although immersion and presence are sometimes used
interchangeably, immersion refers to the computer system’s
technological capacity to deliver a vivid experience that re-
moves the user from physical reality, and is measured by
assessing the technical affordances provided by the system.
In contrast, presence is a subjective psychological experi-
ence.14 Our study focused on two dimensions of presence,
namely telepresence (the feeling of actually ‘‘being there’’14)
and social presence (the ‘‘sense of being with another’’18).
Although studies generally show a positive association be-
tween immersion and telepresence,19 research that explored
the implications of increased immersion for social presence
have yielded mixed results.20 In addition, although there is
evidence of a positive association between subjective feel-
ings of social presence and interpersonal liking,21 less is
known about the relationship between immersion and inter-
personal measures.

Virtual environments and breaks in presence

In IVEs, individuals are exposed to two sources of sensory
data: one from the real world and another from the virtual
environment.22 Breaks in presence (BIPs) occur when users
start responding to the sensory data from the real world instead
of that from the virtual world,22 such as the experimenter’s
voice8 or technical failures.6 Given that BIPs negatively affect
one’s sense of presence, one can predict that the real-world
distraction of a ringing cell phone will also decrease feelings
of telepresence and social presence. Furthermore, as BIPs are
contingent on one’s engagement with the real-world stimuli,23

it is likely that people who actively respond to a distraction
will experience lower levels of presence than those who are
passively exposed to it. Moreover, experiencing BIPs may
also induce negative affective responses due to the inter-
rupted virtual experience. Past research demonstrating that
interrupted media experiences lead to negative emotions24

lends support to this hypothesis.

Limited capacity model and media multitasking

The limited capacity model of motivated mediated mes-
sage processing (LC4MP25) posits that individuals have a
limited cognitive capacity, and that these resources are both
automatically and constantly allocated to data encoding, stor-
age, and retrieval during media use.26 When taking into ac-
count the highly vivid and sensory nature of IVEs,27 this model
suggests that IVEs may negatively impact cognitive outcomes
due to the additional cues that need to be attended to.

Similarly, real-world distractions during a virtual inter-
action may lead to poorer recall and recognition as cogni-
tive resources will need to be allocated—subconsciously
and/or consciously—to process external stimuli. Past re-
search has shown that engaging in different media hurts
cognitive performance.28 Some studies also suggest that
chronic media multitasking may lead to worse social well-
being and higher levels of depression.29,30 However, few
studies31,32 have explored how engaging in different sensory
information influences short-term interpersonal outcomes.
Therefore, based on the literature on immersion, BIPs, media
multitasking, and the LC4MP model, we systematically varied
the levels of immersion and distraction to examine how these
variables influence cognitive, affective, and interpersonal
outcomes, as well as feelings of presence during a social
virtual experience.

Method

Participants

A total of 129 participants (64 men, 65 women; age
M = 21.05, SD = 2.37) were recruited from a medium-sized
western university. Owing to technical issues (n = 8), ma-
nipulation check failure (n = 4), and withdrawal (n = 1), 13
participants were removed from the final analyses, leaving
116 participants. All procedures and materials were ap-
proved by the Ethical Committee of the Institutional Review
Board at Stanford University.

Study procedure

The study adopted a two immersion (immersive and
nonimmersive) · three real-world distraction (absent, pas-
sive, and active) between-subjects design. This design was
used to avoid carryover effects across conditions and to pre-
vent participant exhaustion.a Upon giving consent to partici-
pate in the experiment, participants were told that they would
be performing a ‘‘Getting to Know You’’ (GTKY) task with a
virtual human and that their goal was to get to know their
partner as best as they could. The GTKY task was a semi-
structured interview wherein participants asked and answered
questions adapted from previous research33 (see Appendix 1
for details). To maximize internal validity, answers given by
the participant’s virtual partner (a computerized agent) were
prerecorded and identical for all participants. To maximize
external validity, we asked the questions used in the GTKY
task to six undergraduate students before the actual study.
The virtual partner’s responses were scripted based on these
responses. All participants interacted with a virtual agent that
matched their biological gender (Fig. 1).

After the experimenter described the task, participants in
the ‘‘immersive’’ condition were shown how to wear the VR
headset (Oculus Rift CV1). Once they put on the headset,
participants were able to see their partner in a virtual room.
There was a teleprompter on the wall behind the virtual agent
that displayed instructions (Fig. 1). Participants in the
‘‘nonimmersive’’ condition carried out the same task, but the
virtual world was displayed on a laptop computer (MSI
GT73VR). Participants were given earphones so they could
hear the virtual agent.

Participants in the two real-world distraction conditions
(passive or active) heard a cell phone ringing for 20 seconds

366 OH ET AL.

D
ow

nl
oa

de
d 

by
 S

ta
nf

or
d 

U
ni

ve
rs

ity
 M

ed
ic

al
 C

en
te

r 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



on three separate occasions during the conversation. The cell
phone was placed inside a bag that was hung on the wall
behind the participant. Thus, the cell phone was not visible to
the participant. Participants in the ‘‘passive’’ distraction
condition were not given any instructions regarding the cell
phone. Participants in the ‘‘active’’ distraction condition
were asked to keep their thumb on a game controller button
(the ‘‘A’’ button on Oculus Touch) and press it each time
they heard the phone, requiring active engagement. Partici-
pants who interacted with the virtual human in the ‘‘absent’’
distraction condition completed the study without any dis-
tractions. After the interaction, participants answered a post-
questionnaire, which assessed telepresence, social presence,
recognition, recall, affect, interpersonal liking, and commu-
nication satisfaction.b

Telepresence (three items, Cronbach’s a = 0.90), social
presence (nine items, Cronbach’s a = 0.85), interpersonal
liking (three items, Cronbach’s a = 0.80), and communi-
cation satisfaction (four items, Cronbach’s a = 0.89) were
measured with a questionnaire using 7-point Likert-type
scales (1 = strongly disagree, 7 = strongly agree). Recall was
measured with an open-ended question that asked partic-
ipants to spontaneously recall their partner’s answers to
the seven questions they asked during the GTKY task. Two
coders blind to experimental condition counted the number
of correct responses (Cohen’s j = 0.89, 95% CI [0.83–
0.96]). Recognition was measured using a series of true or
false questions, which asked whether or not the partici-
pant’s virtual partner made specific statements during the
GTKY task. Responses were dummy coded (0 = incorrect,
1 = correct) and summed to form a composite recognition
score. Affective valence was measured by conducting a
linguistic inquiry word count (LIWC34) analysis on an
open-ended question that asked participants to describe
their communication experience. More specifically, we
adopted Pennebaker’s differential emotion model35 and
subtracted the percentage of negative emotion words from
the percentage of positive emotion words. A full list of the
questions used to measure these dependent variables is
given in Appendix 2.

Three manipulation check items were administered at the
end of the postquestionnaire. Participants were asked whe-
ther they heard any sounds coming from outside of the virtual
environment during their conversation. We also asked par-
ticipants (a) whether they heard a phone ring during the

conversation and, for those who reported that they had heard
a phone ring, (b) whether they heard the sound coming from
within or outside of the virtual environment.

Statistical analysis

Our data met the assumptions of homogenous variance
and independence of residuals, but violated the assumption
of normally distributed residuals. Thus, we conducted a se-
ries of 2 · 3 aligned rank transform analyses of variance36

using the ARTool package in R. Although there is an on-
going debate regarding the robustness of analysis of variance
in cases of normality assumption violations and Likert-type
scales,37–39 we report the results of the nonparametric
aligned rank transform analyses of variance, as it is the more
conservative method.

To test the hypothesized difference between the no dis-
traction condition and the two distraction conditions and the
difference between the two distraction conditions, planned
orthogonal contrasts40 were used. The orthogonal matrix that
was used is included in Table 1.

Results

The participant distribution and condition-specific means
and standard deviations of the dependent variables are given
in Table 2. The correlations between the dependent variables
are given in Table 3.

As expected, we found a significant effect of immersion on
telepresence (F(1, 110) = 61.58, gp

2 = 0.36, p < 0.0001), such
that participants in the immersive condition reported higher
levels of telepresence than those in the nonimmersive con-
dition (b = 19.83, p < 0.0001). Contrary to our hypothesis,
distraction did not have a significant effect on telepresence
(F(2, 110) = 0.76, p = 0.47). Inversely, although immersion

FIG. 1. Representations of
the virtual environment with
female (left) and male (right)
virtual agents.

Table 1. Orthogonal Contrast Matrix

for Distraction

Distraction Contrast 1 Contrast 2

None 1.0 0
Passive -0.5 1
Active -0.5 -1
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did not significantly impact social presence (F(1, 110) = 1.64,
p = 0.20), distraction significantly impacted social presence
(F(2, 110) = 3.50, gp

2 = 0.06, p = 0.03). Interaction terms
were nonsignificant for all outcome measures (all p’s > 0.15).
Planned orthogonal contrasts showed that participants who
were distracted by a ringing cell phone reported lower levels
of social presence than those who were not, although the
results were only marginally significant (b = -8.21, p = 0.06).
Furthermore, participants who actively engaged in the dis-
traction felt marginally lower levels of social presence than
their passively distracted counterparts (b = -6.71, p = 0.08)
(Fig. 2).

Immersion had a significantly negative effect on recall
(F(1, 110) = 6.11, gp

2 = 0.05, p = 0.01) and a marginally sig-
nificant effect on recognition (F(1, 110) = 3.50, gp

2 = 0.03,
p = 0.06), such that participants in the immersive condition
recalled and recognized less information about their virtual
partner than their counterparts (b = -7.82, p = 0.01; b = -6.18,
p = 0.02). As expected, distraction had a significant impact
on recall (F(2, 110) = 6.12, gp

2 = 0.10, p = 0.003). Analyses
showed that distracted participants recalled less information
about their partner (b = -9.90, p = 0.02) and that participants
in the active distraction condition recalled less information
about their partner compared with those in the passive dis-
traction condition (b = -9.06, p = 0.01). However, distraction
did not significantly affect recognition (F(2, 110) = 1.23,
p = 0.30) (Fig. 3).

Neither distraction nor immersion had a significant effect
on any of the interpersonal measures or affective valence (all
p’s > 0.14).

Discussion

This study is the first to systematically explore the relative
effects of immersion and real-world distractions (i.e., ringing
cell phone) on experiences within IVEs and non-IVEs. As
predicted, enhanced immersion increased feelings of tele-
presence, but reduced recognition and recall. Given that high
levels of telepresence are considered to be a desirable goal
for IVEs,19 this negative impact of immersion on memory
may seem counterintuitive. There are two potential expla-
nations for the negative effect of immersion on memory.
First, when adopting the LC4MP,25 the immersive qualities
of the IVE may have drained the participant’s cognitive re-
sources, limiting their ability to recall and recognize infor-
mation. Bailey et al.27 similarly employed this framework to
explain the negative correlation they found between tele-
presence and cued recall. Second, these results may be par-
tially attributed to a novelty effect, such that participants in
the IVE condition were more distracted by the features
available in the virtual environment. For instance, McMahan
et al.41 found that participants tended to exhibit better per-
formance when the technology leveraged familiar experi-
ences. Another exploratory study found that participants
tended to show poorer retrieval memory for an augmented/
virtual reality-based application than a trifold brochure.42

As expected, distractions from the real world had a neg-
ative impact on recall, and these effects were strongest when
the individual was actively engaging in the distraction. These
results point to the potentially harmful effects of real-world
distractions during social virtual interactions. Given that this

Table 2. Participant Distribution and Means and Standard Deviations of Dependent Variables

Desktop Desktop Desktop IVE IVE IVE
distraction—

none
distraction—

passive
distraction—

engage
distraction—

none
distraction—

passive
distraction—

engage
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Telepresence 2.57 (1.25) 2.67 (1.23) 2.53 (1.37) 4.68 (1.10) 4.63 (1.41) 4.16 (1.56)
Social presence 4.29 (0.96) 4.58 (0.84) 3.93 (1.14) 5.04 (0.91) 4.44 (1.13) 4.20 (1.15)
Recall 5.70 (1.25) 5.24 (1.58) 4.18 (1.71) 4.71 (1.41) 4.42 (1.74) 3.97 (1.42)
Recognition 5.65 (0.75) 5.74 (0.56) 5.58 (0.61) 5.58 (0.51) 5.35 (0.81) 5.26 (0.73)
Affective valence 2.90 (3.27) 2.01 (2.59) .54 (5.82) 2.14 (2.73) 1.08 (1.77) 1.01 (2.79)
Interpersonal liking 4.97 (0.80) 4.84 (1.40) 4.46 (1.33) 4.98 (1.03) 4.83 (0.93) 4.68 (1.08)
Communication

satisfaction
4.61 (1.15) 4.89 (1.27) 4.25 (1.72) 4.67 (1.25) 4.33 (1.37) 4.17 (1.23)

No. of participants 20 19 19 19 19 20

IVE, immersive virtual environment.

Table 3. Correlation Between All Dependent Variables

Telepresence Social presence Recall Recognition Affective valence Liking Satisfaction

Telepresence — 0.58* -0.13 -0.10 0.11 0.33* 0.31**
Social presence — — 0.29** 0.07 0.24*** 0.67* 0.73*
Recall — — — 0.43* -0.08 0.33* 0.29**
Recognition — — — — -0.08 0.12 0.01
Affective valence — — — — — 0.23*** 0.28**
Liking — — — — — — 0.73*

*Positive at p < 0.001; **positive at p < 0.01; ***positive at p < 0.05 after Bonferroni–Holm correction.
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negative effect was not found for recognition, it is possible
that the distractions exerted a stronger influence on the en-
coding, rather than retrieval of information. However, more
research is needed before we can conclude that real-world
distractions impact recall and recognition differently.

We also found that although immersion was a strong
predictor of telepresence, it did not have a significant influ-
ence on social presence, which is consistent with previous
research.20 Inversely, only social presence was influenced by
distractions. Theoretically, our findings underscore that so-
cial presence is highly sensitive to contextual and individual
boundary conditions, whereas immersion impacts tele-
presence in a more robust manner.19 Our results suggest that

introducing additional immersive features without consid-
eration for the context or user traits may not necessarily be
beneficial in enhancing social presence.

Contrary to expectations, distraction did not have a sig-
nificant effect on affective valence. As the distraction em-
ployed in our study (i.e., a ringing cell phone) is a relatively
common occurrence, it is possible that participants were not
greatly disturbed by the experience. However, considering
that communicating while simultaneously engaging in a
different task has been associated with feelings of frustration
and/or dissatisfaction,42 it is possible that employing a dis-
traction with a higher cognitive load may negatively influ-
ence affective valence. Future studies could benefit from
exploring how different levels of cognitive load influence
affective outcomes.

Surprisingly, we did not find any evidence supporting our
hypotheses that immersion and distraction would influence
interpersonal outcomes. Taken together, these results suggest
that although immersion and distraction did impact the
overall virtual experience (i.e., cognitive outcomes, tele-
presence, and social presence), participants did not misat-
tribute their judgments toward the interaction experience to
the target virtual human. This may be due to the personal
nature of the GTKY task, which was designed to foster in-
terpersonal closeness.33 As such, participants may have been
more favorably inclined toward their virtual partner. Con-
sidering previous studies on how individuals tend to misat-
tribute negative affect to others when the source of their
discomfort is unclear,43 it is possible that immersion and
distraction would have influenced virtual interactions if
participants had interacted with a more neutral or hostile
virtual partner. Future studies should try to replicate these
findings using different types of tasks (e.g., goal-oriented
task instead of GTKY) and/or having participants interact
with virtual avatar rather than agent.

The goal of this study was to determine the effects of
immersion and real-world distractions on presence, and
cognitive, affective, as well as interpersonal outcomes.
Contrary to current industry trends that favor the develop-
ment of social VR systems with increased immersion and
multitasking capacity, we found that although immersion
does increase telepresence, it harms cognitive outcomes and
does not significantly influence social presence, affective
valence, or interpersonal outcomes. These results suggest
that although VR systems can be helpful for experiences that
benefit from perceptions of physically engaging with the
virtual world (e.g., simulations, discussions in spaces where
people can walk and move around freely), they may not
outperform nonimmersive platforms in contexts wherein
movement is less salient (e.g., one-on-one seated conversa-
tions), and can even have costs for memory.

Notes

a. The duration of the study was *30 minutes. As such,
there was a risk that conducting the same study mul-
tiple times would lead to participant exhaustion.

b. We also included a behavioral measure to assess
helping behavior. However, the majority of participants
expressed skepticism regarding the validity of the task.
Owing to deception failure and space constraints, these
results are not reported.

FIG. 2. Effects of immersion on telepresence (top) and
distraction on social presence (bottom). ***Positive at
p < 0.001; {positive at p < 0.10. IVE, immersive virtual
environment.

FIG. 3. Effects of immersion and distraction on recall
(top) and immersion on recognition (bottom). *Positive at
p < 0.05; {positive at p < 0.10.

IMMERSION AND DISTRACTION IN VR 369

D
ow

nl
oa

de
d 

by
 S

ta
nf

or
d 

U
ni

ve
rs

ity
 M

ed
ic

al
 C

en
te

r 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



Author Disclosure Statement

No competing financial interests exist.

References

1. Biocca F, Levy MR. (2013) Communication in the age of
virtual reality. New York, NY: Routledge.

2. Ophir E, Nass C, Wagner AD. Cognitive control in media
multitaskers. Proceedings of the National Academy of
Sciences of the United States of America 2009; 106:15583–
15587.

3. Robertson A. (2006) HTC’s hands-free VR phone tool is as
clever and frustrating as the Vive itself. The Verge. https://
www.theverge.com/2016/4/6/11377740/htc-vive-vr-bluetooth-
phone-notifications-hands-on (accessed Jul. 6, 2018).

4. Moreno R, Mayer RE. Personalized messages that promote
science learning in virtual environments. Journal of Edu-
cational Psychology 2004; 96:165–173.

5. Slater M, Sadagic A, Usoh M, et al. Small-group behavior
in a virtual and real environment: a comparative study.
Presence: Teleoperators & Virtual Environments 2000; 9:
37–51.

6. Garau M, Friedman D, Widenfeld HR, et al. Temporal and
spatial variations in presence: qualitative analysis of in-
terviews from an experiment on breaks in presence. Pre-
sence: Teleoperators and Virtual Environments 2008; 17:
293–309.

7. Waterworth EL, Waterworth JA. Focus, locus, and sensus:
the three dimensions of virtual experience. CyberPsychol-
ogy & Behavior 2001; 4:203–213.

8. Slater M, Usoh M. (1993) An experimental exploration of
presence in virtual environments. Department of Computer
Science, Queen Mary University of London. https://qmro
.qmul.ac.uk/xmlui/bitstream/handle/123456789/4705/689_
Slater&Usoh_1993.pdf?sequence=1 (accessed Jul. 10, 2018).

9. Pulvermüller F, Shtyrov Y, Hasting AS, et al. Syntax as a
reflex: neurophysiological evidence for early automaticity
of grammatical processing. Brain and Language 2008; 104:
244–253.

10. Haist F, Shimamura AP, Squire LR. On the relationship
between recall and recognition memory. Journal of Ex-
perimental Psychology: Learning, Memory, and Cognition
1992; 18:691–702.

11. Davis D, Perkowitz WT. Consequences of responsiveness
in dyadic interaction: effects of probability of response and
proportion of content-related responses on interpersonal
attraction. Journal of Personality and Social Psychology
1979; 37:534–550.

12. Neuliep JW, Grohskopf EL. Uncertainty reduction and
communication satisfaction during initial interaction: an
initial test and replication of a new axiom. Communication
Reports 2000; 13:67–77.

13. Althoff T, Clark K, Leskovec J. Large-scale analysis of
counseling conversations: an application of natural lan-
guage processing to mental health. Transactions of the
Association for Computational Linguistics 2016; 4:463.

14. Slater M, Wilbur S. A framework for immersive virtual
environments (FIVE): speculations on the role of presence
in virtual environments. Presence: Teleoperators & Virtual
Environments 1997; 6:603–616.

15. Steuer J. Defining virtual reality: dimensions determining
telepresence. Journal of Communication 1992; 42:73–93.

16. Nowak KL, Biocca F. The effect of the agency and an-
thropomorphism on users’ sense of telepresence, copre-

sence, and social presence in virtual environments.
Presence: Teleoperators & Virtual Environments 2003;
12:481–494.

17. Westerman D, Spence PR, Lin X. Telepresence and ex-
emplification in health messages: the relationships among
spatial and social presence and exemplars and exemplifi-
cation effects. Communication Reports 2015; 28:92–102.

18. Biocca F, Harms C, Burgoon JK. Toward a more robust
theory and measure of social presence: review and suggested
criteria. Presence: Teleoperators & Virtual Environments
2003; 12:456–480.

19. Cummings JJ, Bailenson JN. How immersive is enough? A
meta-analysis of the effect of immersive technology on user
presence. Media Psychology 2016; 19:272–309.

20. Oh SY, Bailenson JN. (2017) Definition and implications of
social presence: a theoretical review. Paper presented at the
Annual Conference of the International Communication
Association, San Diego, CA.

21. Skalski P, Tamborini R. The role of social presence in in-
teractive agent-based persuasion. Media Psychology 2007;
10:385–413.

22. Slater M, Brogni A, Steed A. (2003) Physiological re-
sponses to breaks in presence: a pilot study. In Proceedings
of the 6th Annual International Workshop on Presence.
Oct. 6–8; Aalborg, Denmark: Aalborg University.

23. Slater M, Steed A. A virtual presence counter. Presence:
Teleoperators & Virtual Environments 2000; 9:413–434.

24. Bessiere K, Newhagen JE, Robinson JP, et al. A model for
computer frustration: the role of instrumental and disposi-
tional factors on incident, session, and post-session frus-
tration and mood. Computers in Human Behavior 2006; 22:
941–961.

25. Lang A. The limited capacity model of mediated message
processing. Journal of Communication 2000; 50:46–70.

26. Lang A. (2017) Limited capacity model of motivated medi-
ated message processing (LC4MP). In Hoffner C, van Zoonen
L, eds. The international encyclopedia of media effects.
Malden, MA: John Wiley & Sons, Inc. Vol. 17. pp. 1–9.

27. Bailey J, Bailenson JN, Won AS, et al. (2012) Presence
and memory: Immersive virtual reality effects on cued
recall. In Proceedings of the 14th Annual International
Workshop on Presence. Oct. 24–26; Philadelphia, PA:
Temple University.

28. Levine LE, Waite BM, Bowman LL. Electronic media use,
reading, and academic distractibility in college youth. Cy-
berPsychology & Behavior 2007; 10:560–566.

29. Becker MW, Alzahabi R, Hopwood CJ. Media multitasking
is associated with symptoms of depression and social
anxiety. Cyberpsychology, Behavior, and Social Network-
ing 2013; 16:132–135.

30. Pea R, Nass C, Meheula L, et al. Media use, face-to-face
communication, media multitasking, and social well-being
among 8-to 12-year-old girls. Developmental Psychology
2012; 48:327–336.

31. Misra S, Cheng L, Genevie J, et al. The iPhone effect: the
quality of in-person social interactions in the presence of
mobile devices. Environment and Behavior 2016; 48:275–
298.

32. Przybylski AK, Weinstein N. Can you connect with me
now? How the presence of mobile communication tech-
nology influences face-to-face conversation quality. Journal
of Social and Personal Relationships 2013; 30:237–246.

33. Aron A, Melinat E, Aron EN, et al. The experimental
generation of interpersonal closeness: a procedure and some

370 OH ET AL.

D
ow

nl
oa

de
d 

by
 S

ta
nf

or
d 

U
ni

ve
rs

ity
 M

ed
ic

al
 C

en
te

r 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
6/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

https://www.theverge.com/2016/4/6/11377740/htc-vive-vr-bluetooth-phone-notifications-hands-on
https://www.theverge.com/2016/4/6/11377740/htc-vive-vr-bluetooth-phone-notifications-hands-on
https://www.theverge.com/2016/4/6/11377740/htc-vive-vr-bluetooth-phone-notifications-hands-on
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/4705/689_Slater&Usoh_1993.pdf?sequence=1
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/4705/689_Slater&Usoh_1993.pdf?sequence=1
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/4705/689_Slater&Usoh_1993.pdf?sequence=1


preliminary findings. Personality and Social Psychology
Bulletin 1997; 23:363–377.

34. Pennebaker JW, Booth RJ, Boyd RL, et al. (2017) Lin-
guistic inquiry and word count: LIWC2015. Austin, TX:
Pennebaker Conglomerates.

35. Pennebaker JW, Mayne TJ, Francis ME. Linguistic pre-
dictors of adaptive bereavement. Journal of Personality and
Social Psychology 1997; 72:863–871.

36. Wobbrock JO, Findlater L, Gergle D, et al. (2011) The
aligned rank transform for nonparametric factorial analyses
using only ANOVA procedures. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Sys-
tems. May 7, 2011, Vancouver, Canada. ACM, pp. 143–146.

37. Carifio J, Perla R. Resolving the 50-year debate around
using and misusing Likert scales. Medical Education 2008;
42:1150–1152.

38. Pell G. Use and misuse of Likert scales. Medical Education
2005; 39:970.

39. Glass GV, Peckham PD, Sanders JR. Consequences of
failure to meet assumptions underlying the fixed effects
analyses of variance and covariance. Review of Educa-
tional Research 1972; 42:237–288.

40. Nogueira MC. Orthogonal contrasts: definitions and con-
cepts. Scientia Agricola 2004; 61:118–124.

41. McMahan RP, Bowman DA, Zielinski DJ, et al. Evaluating
display fidelity and interaction fidelity in a virtual reality
game. IEEE Transactions on Visualization & Computer
Graphics 2012; 1:626–633.

42. Arlati S, Spoladore D, Baldassini D, et al. (2018) Virtual-
CruiseTour: an AR/VR application to promote shore ex-
cursions on cruise ships. In International Conference on
Augmented Reality, Virtual Reality and Computer Gra-
phics. Jun. 24. Cham: Springer, pp. 133–147.

43. Lick DJ, Johnson KL. The interpersonal consequences of
processing ease: fluency as a metacognitive foundation for
prejudice. Current Directions in Psychological Science
2015; 24:143–148.

Address correspondence to:
Catherine Oh, PhD

Department of Communication
Stanford University

Address: 450 Serra Mall
Stanford, CA 94305

E-mail: syoh@stanford.edu

Appendix 1. ‘‘Getting to Know You’’ Task

During the first half of the conversation, participants
asked the virtual agent the following seven questions,
which were displayed on a teleprompter in the virtual
world. For the second half of the conversation, the virtual
agent asked the same questions, and the participants re-
sponded to them.A1

1. Before making a telephone call, do you ever rehearse
what you are going to say, and why?

2. For what in your life do you feel most grateful?

3. If you could wake up tomorrow having gained one
quality or ability, what would it be?

4. What do you value most in a friendship?
5. What is your most treasured memory?
6. Given the choice of anyone in the world, whom would

you want as a dinner guest?
7. Your house, containing everything you own, catches

on fire. After saving your loved ones and pets, you
have time to safely make a final dash to save any one
item. What would it be, and why?

Appendix 2. Full Wording for Questionnaire Measures

Presence Measures

Telepresence

How strongly do you agree or disagree with the following
statements about the virtual environment? (1 = strongly dis-
agree, 7 = strongly agree)A2,A3

1. I felt like I was really there inside the virtual envi-
ronment.

2. I felt as if I could reach out and touch the objects or
people in the virtual environment.

3. The virtual environment seemed like the real world.

Social presence

How strongly do you agree or disagree with the fol-
lowing statements about your partner? (1 = strongly dis-
agree, 7 = strongly agree)A4

1. I felt like I was face-to-face with my partner.
2. I felt like I was in the same room as my partner.
3. I felt that my partner was watching me and aware of

my presence.
4. I remained focused on my partner throughout our in-

teraction.
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5. My partner remained focused on me throughout our
interaction.

6. It was easy to understand my partner.
7. My partner found it easy to understand me.
8. I could tell how my partner felt.
9. My partner could tell how I felt.

Interpersonal Outcome Measures

Liking

How strongly do you agree or disagree with the following
statements about your partner? (1 = strongly disagree,
7 = strongly agree)A5

1. I like my partner.
2. I would like to get to know my partner better.
3. I think my partner would be popular with his or her

friends.

Communication satisfaction

How strongly do you agree or disagree with the following
statements? (1 = strongly disagree, 7 = strongly agree)A6

1. I would like to have another conversation like this one.
2. I was satisfied with the conversation.
3. I enjoyed the conversation.
4. The conversation flowed smoothly.

Cognitive Outcome Measures

Recall (open-ended response)

You asked your partner seven questions. What were your
partner’s answers to these questions? Please be as detailed as
possible.

Recognition

Are the following statements about your partner true or
false?

1. My partner is most grateful for his/her friends.
2. My partner sometimes rehearses what he/she is going

to say before a telephone call.
3. My partner is a great singer.

4. My partner values loyalty the most in a friendship.
5. My partner’s most treasured memory is New Year’s

day with his/her grandmother.
6. If my partner could save one item in a fire, it would be

his/her laptop.

Affective Valence Measure

Please describe your experience talking with your partner.
Focus on how you felt and what you thought during the
conversation. Please be as detailed as possible (at least five
sentences).A7
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