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Abstract 
 

With the COVID-19 social distance orders, 
multichannel technologies are more critical than ever 
for collaborating. These technologies offer 
psychological benefits that improve user and 
collaborative experiences. The main objective of this 
research was to explore hologram communication 
within a telecommunication context. This research 
looked to understand the effect of hologram 
communication on affect (i.e., emotion) and studied 
the relationship between holograms and social 
presence, and how the sense of being together may 
change or amplify positive messages. This paper 
focuses specifically on how social presence and 
emotional responses differ between hologram 
communication and video communication, such as 
Zoom or Google Hangouts.  We used a novel 
hologram projection system and conducted an 
experiment with 98 people and found that hologram 
technology improved the perception of co-presence 
and affected two dimensions of novelty. Additionally, 
there were some indications of other findings that 
were less compelling. However, this provides further 
insight into the context of 3D communication for 
collaboration.  
 
1. Introduction 
  

Everyone uses technology to communicate. 
Whether it is a phone call across the country, a video 
conference for work, or an online workout class, 
technology has changed the way humans work and 
live. Technology does not always mirror face-to-face 
interactions, but it attempts to create the same 
connection when physically distant.  

Communication methods and technologies 
progress throughout history, enabling more productive 
collaboration and surpassing physical boundaries [9]. 
During the COVID-19 pandemic, this type of 

productive communication is essential to enable 
meaningful connections. Technology, such as Zoom 
and Facetime, bring people together and facilitate 
collaboration. Digital media and technologies have 
dominated many research and development 
laboratories across universities and private institutions 
to understand the psychology and the effects these 
technologies have on humans.  

Computer-mediated communication (CMC) is a 
relatively new field that assists in progressing 
understanding of communication through digital 
media and technology. CMC involves instant 
messaging, shared hypermedia, blogs, graphical 
charts, and other media [23].  

Computer-mediated communication (CMC) refers 
to "any human communication achieved through 
computer technology" [19; 13]. CMC allows people to 
communicate despite their physical distance, aiding 
distance learning, work from home, and international 
business. It simultaneously enables people to be 
connected and mobile, thus changing the way humans 
work and play [8; 15]. 

However, different types of CMC mediums limit 
one's ability to communicate effectively due to the 
lack of non-verbal cues or feedback when 
communicating. This limitation is explained by media 
richness theory [8; 6]. Media richness theory examines 
the medium as constraints on the ability to express 
nonverbal emotional-relational communication [25]. 
Face-to-face communication is the richest form of 
communication, offering lots of non-verbal cues and 
feedback, while written text in an email or text 
message is the leanest, leaving the meaning up for 
interpretation [6]. 

Media richness can help one communicate more 
effectively and can change how one feels [8;6]. Each 
CMC technology has a different effect on the people 
who use it (e.g., how connected they feel to others). 
CMC has evolved to the extent of mainstream use of 
two-dimensional (2D) video communication; 
however, communication technology has yet to 
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progress beyond the constraints and efficiencies of 2D 
technology. The underlying problem within new CMC 
technologies is what type of psychological effects are 
they having on their users while communicating. 
Holograms are one of the latest advances in CMC and 
this paper provides an initial understanding if 
hologram technologies are a justifiable addition to 
CMC and why. 
 
2. Hologram Technology for 
Collaboration 
 
     Three-dimensional projection is a new medium for 
communication. With the start of the 21st Century, the 
technology for creating 3D or “holographic images” 
has seen much improvement. Developing technology 
to produce 3D images has been an arduous task among 
physicists, engineers, opticians, and other disciplines. 
After further research around lasers, optical 
holography was a method to retrieve the likeness of a 
subject from its unfocused diffraction pattern [6]. With 
the onset of computer science as a discipline, digital 
holography has started to surface as a realm of 
possibility. Digital holography is the same process as 
Optical Holography with wave reflection and storage. 
However, digital holography involves electronically 
recording and storing within a computer [27]. With 
this innovation, the questions of utilizing digital 
holography as a medium of CMC are abundant and 
unanswered. Specifically, what are the theoretical 
constructs that can be used to explore the benefits of 
hologram communication, and does the effort of 
producing the images enhance communication. These 
unknowns act as strong motivations to develop 
research and understanding of 3D CMC technology. It 
may be expected that a hologram is creating easy and 
better ways to communicate. The following sections 
propose potential constructs that might explain the 
benefit of holographic collaboration. 
 
3. Theoretical Background 
 

The major theoretical concepts include various 
facets of novelty, media richness, core affect, and 
presence.   
 
3.1 Novelty 
 
     With the onset of digital media and its acceleration 
of efficiencies, there are still many unknowns around 
technology and communication. One major limitation 
within this research endeavor is that of “technology 
novelty.” Technology novelty or “technology risk” is 
defined as the newness, to the development 

organization, of the technologies used within product 
development [29]. Arguably, technology adoption and 
use may fade as the novelty wears off. This attrition 
outcome becomes difficult when measuring the effects 
of any new technology.  
     Digital holography is simply no exception to how 
novelty may determine its future applications. One 
major setback for the digital holography movement 
was the death of the 3D television. In addition, two 
obstacles such as the lack of 3D content from live TV 
and the onset of smart TV laden with applications, 
such as Netflix, saw 3D personal entertainment rise 
and fall quickly [20]. The redesign of the traditional 
2D home television into a 3D was an overshoot, but 
not far from practical applications of holography.  
     As technology is advancing, humans are 
progressing with it, additionally humans using 
holography is novel. In the case of the 3D televisions, 
the novelty wore off, and the application of 
entertainment rebounded back to 2D technology. 
Regarding this research, novelty is considered a 
fundamental characteristic that describes traits that are 
“new” or “fresh” of an innovation within the 
perspective of the user [31].  Research around novelty 
is user-focused, as having a technology available is 
simply not enough for accepted use [1]. This research 
will focus on understanding an individuals’ novel 
experience: if a technology is “refreshing,” and the 
“newness” of communicating in different ways.   
 
3.2 Media Richness Theory 
 
     Originally, media richness theory was developed 
by Lengel et al [15]. Seeing medium characteristics as 
constraints on one’s ability to communicate nonverbal, 
emotional, and relational communications [15]. These 
constraints exist within four (4) areas: nonverbal, 
natural language, feedback, and personal focus.  
     The nonverbal constraint is the level to which a 
person understands physical gestures, vocal tones, 
vocal inflections, and eye contact, measuring one’s 
ability to convey information without a coherent 
lingual meaning. Natural language is the spoken 
language that moves conceptual ideas and coherent 
information to one another, measuring the use of 
formal and informal grammar, punctuation, fluency, 
slang, verbal play, and sentence structure. The 
feedback constraint measures a medium’s ability to 
facilitate immediate feedback or the rate of reaction 
from the receiver of the message. Many CMC 
mediums experience high levels of constraining 
immediate feedback. Lastly, personal focus is the 
constraint that facilitates emotions and subjective 
beliefs, which affects the way the message is 
expressed and interpreted. This constraint is very 
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important, as it encompasses human emotions around 
each other and through the CMC medium being 
utilized [25]. 
     These constraints are once piece of the puzzle to 
understanding the limitations and strengths of current 
and future CMC technologies. One concept worth 
mentioning is that of “media naturalness.” This 
concept is important to note, as it views 
communication as a dynamic process that changes 
over time through an evolutionary process [13]. With 
the failure of 3D personal TVs, media naturalness may 
explain that humans were not ready to experience 3D 
images within an entertainment scope. However, with 
the current trending applications within the current 
market, humans may be ready to experience 3D 
telecommunication. 
 
3.2.1 Media Richness Continuum 
 
     To conceptualize the measurement of media 
richness across technologies, the medium richness 
continuum was created. This model identifies the 
previous constraints as categories compared to the 
type of communication used and determining how 
“rich” or “lean” it may be. [15]. Sherblom [25] 
continues to describe the varying levels within a media 
richness continuum; within this continuum the types 
of interaction affecting identity. 
 

Table 1. Media Richness Continuum  [26] 

 
     The continuum addresses constraints within the 
medium and assists in visualizing the effects of the 
constraints along with current CMC technologies. The 
richest form of technology is face-to-face 
communication; the mainstream CMC technology for 
this is 2D video and audio calls. So, the notion of a 
holographic call and its media richness comes into 
question; however, to understand how a holographic 
call may work, it is important to understand the 
concept of holography.  
     Within CMC literature, one of six 
conceptualizations of presence are considered 
“presence as social richness.” Described mainly as the 
connection between social presence theory and media 
richness theory, this facet identifies the extent to which 
a medium is perceived as sociable, warm sensitive, 

personal, or intimate when it is utilized to interact with 
other people [16]. This is the facet within presence to 
be measured in this study. Previous studies with this 
narrow of a context identify social, intuitive, and 
emotional tasks are difficult to analyze. For example, 
electronic mail (email) is a lean form of media richness 
that is less appropriate for tasks requiring social 
presence and reported positive outcomes associated 
with their use of email [21]. Displaying how the 
relationship between social presence and emotions 
may be dependent on a social, intuitive, and emotional 
tasks. Yet, Rice et al [21] did support that there is a 
relationship between social presence and performance, 
and how CMC facilitated spanning across face-to-
face, video, audio, and written forms of 
communication.   
 
3.3 Core Affect & Emotions 
 
     The measurement of emotions and affect requires 
understanding the theory of emotions. Basic emotions 
have an innate ability to create universal expressions 
and unique feelings of motivation [11].  For organisms 
such as humans, emotions are an important motivation 
framework. Emotions drive behavioral reactions to 
environmental and internal occurrences; often 
dictating needs and goals [5]. This is of significance, 
as it builds the foundational understanding of how 
emotions affect ones’ psychological state around 
communicating in different media.  
     With basic emotions possessing a combination of 
social and biological mechanisms, the concept of core 
affect may build an easier framework to tie to social 
presence. Core affect is a neurophysiological state 
consciously accessible as the simplest raw 
(nonreflective) feelings evident in moods and 
emotions [24]. Being the “simplest feelings,” core 
affect may not be reduced to anything simpler at a 
psychological level. This concept does not examine 
the neurophysiological, rather the psychological 
instead. To explain the concept of core affect further, 
it is the simplest accessible state of consciousness as a 
single simple feeling of good or bad, being “emotion,” 
or feeling energized or enervated, being “mood.” 
Emotion changes rapidly accompanied by cognitions, 
physiological changes, and behaviors. Mood identifies 
a prolonged experience with behavioral demeanor, 
thoughts, and motivations. Even though core affect 
may fully not explain emotion or mood, it is a key 
ingredient within both [32]. Literature suggests using 
dimensional structures of mood and emotion such as 
the 12-Point Circumplex Model; however, this 
research endeavor requires to focus on mainly 
affective emotional states such as “general positive 
affect,” and “general negative affect.” Core affect is 

Media Richness Continuum 
Constraints Medium Personal/Nonverbal 

Cues 
Immediate 
Feedback 

Natural 
Language 

Personal 
Emotions 

Rich  Face-to-Face Available Available Available Available 
 Telephone Lacks Facial 

Expression, Physical 
Gestures 

Available Available Available 

Personal Text Specialized, Limited Available Specialized, 
Limited 

Somewhat 
Limited 

Email More Limited Less 
Immediate 

More 
Formal 

Less 
Common 

Lean Impersonal 
Written 

Memo/Report 
Unavailable Unavailable Unavailable Unavailable 
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important at a simple level, as it has literature and 
metrics assists in furthering our understanding of 
emotions. Emotions and emotional characteristics are 
structured differently across individuals. An 
individual’s affective reaction to an experience is 
maybe measured across their valence, arousal, and 
dominance [4]. 
   A central characteristic of emotions is that of its 
valence. Valence identifies whether an emotion is 
pleasant or unpleasant [8].  With experiences of 
communication through technology, it is important to 
understand the degree to which positive or negative 
emotions may range. Valence may assist in an 
additional measurement of positive and negative 
emotion when communicating through a 3-D 
technology versus a 2-D technology. In addition to 
valence, arousal is additionally important to identify 
the degree of excitement in an individual. Varying 
from “excited” to “calm,” Arousal assists in 
understanding the energy of the emotion behind it [4]. 
Within this research context, arousal is important 
because it signals the depth of an emotion and if it is 
felt. 
 
3.4 Presence 
 

Presence refers to one being immersed within a 
medium [7; 15]. Presence is felt towards a character in 
a novel or a friend over text. Presence is also felt when 
communicating via technology [14] when using a cell 
phone, social media, or computer-conferencing [15].  

The concept of “presence” holds multiple 
typologies that are specific to experiences within CMC 
mediums (e.g., telepresence, mediated presence, 
spatial presence, physical presence, etc.). Presence is 
important to understand at a basic level because it 
measures the feeling of all mediated experiences, from 
reading a novel to riding an immersive virtual reality 
(VR) simulator. Technologies attempt to produce 
larger feelings of presence by capturing human 
sensory channels [7; 14]. To use presence as an 
indicator in telecommunications is limited, though, 
because it may depend on the immersive experience of 
the technology. Sensory channels within mainstream 
telecommunication technologies are limited to audio 
and sight, leaving out other human senses such as 
smell, touch, and taste.  
 
3.4.1 Social Presence & Co-Presence 
 

Described as the feeling of psychological 
proximity, closeness, connectedness, and intimacy 
with another person [28],  social presence has the 
potential to become very prominent within 
telecommunication technology. Facebook is seen as 

one of the most popular social network platforms due 
to their use of social presence. This result are from a 
concept within social presence known as co-presence.  

Co-presence expands the feeling that the user’s 
perception and feeling is mutual experiencing the 
same emotional closeness [26]. A more robust 
definition of social presence is containing a 
technology and psychology requirement, a central 
focus on mediating social interaction, and measurable 
conditions [2; 3]. These concepts may facilitate 
empathetic emotions ultimately leading to better 

communication [19].  
As displayed in Figure 1, The Networked Minds 

Inventory measures multidimensional on mutual 
awareness and mutual understanding. The first level is 
perceptual, which identifies co-presence and the 
degree to which users feel aware or detected in the 
same space. The second level is subjective: the degree 
to which the other appears to interact with each other, 
focusing on verbal and physical behaviors. The third 
level is mutual social presence. This occurs when 
comparing feelings between one’s self and the other.  

Within level two, there are four sub-facets of 
psycho behavioral accessibility: attentional 
engagement, emotional interdependence, 
comprehension, and behavioral interdependence. 
Attentional engagement measures attention used in 
mediated environments; emotional interdependence 
are the transfer of emotional interaction at observable 
times; comprehension measures what is being 
understood while being communicated; and 
behavioral interdependence measures responses to 
behavior, such as mimicry, yawning, or patterns of 
taking turns talking. Level three sub-facts measure 
“perception of self,” and “perception of other” [9].  

The Networked Minds Inventory is built to 
examine two individuals. Figure 1 gives a visual 
representation of how the perceptions of “self” and 
“other” are correlated as perceived symmetry. 
Adaptations of methodologies allow the application of 
different research contexts. Later sections will discuss 

Figure 1. Perceived Symmetry Analysis [9] 
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these methods and steps to adapt them to build context 
around the original research question to address the 
concepts of social presence, emotions, and novelty.  

Face-to-face interactions occur in a three-
dimensional space, allowing for high media richness 
and high social presence, and hologram technology 
attempts to imitate this. The relationship between the 
concepts of social presence and emotions may be a 
more promising endeavor. The existing relationship of 
personal emotions within CMC is typical within “rich” 
types of mediums. This is due to the availability within 
the particular constraint, as well as those of immediate 
feedback, natural language, and personal/nonverbal 
cues. The purpose of this research is to understand the 
relationship between social presence, emotion, and 
novelty in computer and hologram communication. 
Because media richness varies between technology 
mediums, we explored if those changes can alter the 
affect and social presence felt by users. The research 
questions for this study are: 

1. What is the relationship between video and 
hologram communication and social 
presence? 

2. How is affect related to video versus 
hologram communication? 

3. How is novelty related to video versus 
hologram communication? 

 
4. Research Study  
 
     The main objective of this research was to 
understand the relationships between social presence, 
changes in emotion, and novelty across two CMC 
technologies: 2D video and audio, and 3D hologram 
and audio. 2D videoconferencing is a popular 
conventional CMC used frequently. Utilizing this 
technology as a condition assists in determining how 
concepts relationships may change with the new use of 
3D CMC and to what extent.  
 
4.1 Procedure 
 
     A flow of the study is shown in Figure 2.  

 

     Participants were assessed with the Watson & 
Clark's [30] PANAS-X as part of a pre-survey to 
establish a baseline of positive and negative affect. 
Similar to the PANAS, the PANAS-X scale measures 
the general dimension, basic negative emotions, basic 
emotions, and other affective states. Additionally, to 
provide valence, arousal, and dominance domain, the 
Self-Assessment Manakin (SAM) was given in the 
post-survey [10].   
     At the conclusion of the pre-survey was an 18- 
question true/false assessment was established as a 
performance task for participants to receive feedback. 
The questions were meant to involve critical thinking 
and creative thought. Following the pre-survey, 
participants were randomly assigned to one of either 
the 2D or 3D CMC condition for a feedback session. 
This feedback session involved a confederate telling 
the participant that they achieved a high score on the 
questionnaire and was designed to elicit positive 
emotion. The feedback session was scripted and went 
through a manipulation check by approximately 11 
graduate and undergraduate. 
     Social presence was evaluated within the post-
survey. The Networked Minds Inventory was adapted 
to facilitated one-way and measure how an individual 
feels immediately after the feedback session to 
evaluate the degree of social presence of the CMC 
technology condition. The questionnaire to measure 
the different underlying constructs within the post-
survey using an adapted version from Biocca et al [3]. 
An additional consideration with this study was the 
effect of novelty, and how the user may react to a 3D 
video call, as it is a very new experience. Novelty is 
discussed more as a limitation in the study, as the 
concept can vary depending on the context of the 
individual and their experiences. To assess novelty of 
the participant’s 3D communication across the CMC 
technologies, a simple 3-item questionnaire that was 
adapted to the CMC technologies from Wells et al 
[31]. Furthermore, it was adapted to be a 5-point Likert 
Scale. The adapted questionnaire explores 
measurements of how novel the experience to a user, 
how “new” or “refreshing” the technology was, and if 
the form of communication was novel to them.  
 
4.2 Apparatus 
 

Figure 2. Study design 
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     To assess and compare concepts across the 
different conditions, we built several LVAH kiosks 
that are capable of creating a real-time 3D digital 
projection of a Google Hangouts Call. To allow 
flexible data collection, a desktop computer with an 
IntelRealSense camera and Logitech headset were 
used to administer real-time feedback.  

 
4.3 Sample 
 
     The experiment used ninety-eight (98) participants 
between the ages of 19 to 49 with the average age of 
approximately 22-23 years of age. Of the 98 
participants, 42 were male and 56 were female. Refer 
to Table 2 for the overall sample demographics of the 
study and conditions.  
 

Table 2. Sample demographics 

 
2D Condition 
Participants 

3D Condition 
Participants 

Number Male 20 22 
Number Female 28 28 
Minimum Age 19 20 
Maximum Age 41 49 
Average Age 22 22.74 

 
     Participants were students from the College of 
Business Administration. This sample was targeted 
with the assumption that the participants learn a 
combination of technology and communication skills 
that are necessary to enter the workforce.  
 
5. Results 
 
     To ensure that adapted questionnaires were 
measuring the same concept, the questions’ Cronbach 
alpha was used to ensure the reliability of internal 
consistency. Cronbach [7] developed the alpha to 
understand if the items were measuring the same 
concept or construct; expressed between 0 and 1. With 
0 showing low internal constancy and 1 showing high 

internal constancy, the adapted questionnaires of 
social presence, emotions, and novelty were analyzed 
with this metric.  
   With multiple facets within social presence, it was 
necessary to find the internal consistency of the 
subgroups. The adapted questions within the 
subgroups are ‘co-presence,’ and ‘psycho-behavioral 
accessibility.’ These constructs showed high internal 
consistency, as the Cronbach’s alphas for copresence 
was 0.87, psycho-behavioral accessibility was  0.83, 
emotional interdependence was 0.79, comprehension 
was 0.76, and behavioral interdependence was 0.81.  
     Regarding emotions, the adapted PANAS-X scale 
used data to measure two constructs: general positive 
affect and general negative affect. The construct 
general positive affect had high internal consistency, 
as the Cronbach’s alphas for the pre-survey was 0.91 
and 0.92 for the post-survey. The construct general 
negative affect also had high internal consistency, as 
the Cronbach’s alpha for the pre-survey was 0.85 and 
0.81 for the post-survey. The same questionnaire was 
used twice to establish what has changed in emotion 
after the task and feedback session. Data used from the 
scale focused on attempting to understand significant 
changes in means from the 10-question general 
positive affect questions.  
     Lastly, the construct of ‘novelty’ showed high 
internal consistency as determined by Cronbach’s 
alpha of 0.88.  
 
5.1 Effects on Social Presence 
 

The initial objective was to understand the degree 
of social presence from the user’s perspective. We 
used Networked Minds Inventory to understand the 
sense social presence between the video call and 
hologram call conditions. Accordingly, we conducted 
a within-interactant subjective symmetry analysis.  
Correlation of values of the perception of self and 
perception of other were measured. Within-Interactant 
Symmetry values ranging closer to “0.00,” are 
considered weak correlation coefficients, and values 
closer to “1.0” being a strong correlation coefficient. 
After correlations values were found, we performed a 
Fischer Z-Transformation which allow us to transform 
the symmetry correlation values of “r,” to a Z score by 
which we can test significance.  The results of this 
analysis show that overall, social presence did not 
differ between the video call and hologram call.  Only 
the measurement of “co-presence” proved to be 
significant between the two conditions. 

 
Table 3. Networked Minds Inventory 

 Video 
call (z) 

Hologram 
call (z) p 
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Behavioral 
Independence 
 

0.91 0.86 0.08 

Comprehensive 
Construct 
 

0.66 0.59 0.14 

Emotional 
Interdependence 
 

0.82 0.89 0.08 

Attentional 
Engagement 
 

0.54 0.57 0.40 

Co-Presence 0.22 0.90 0.001** 
 
     The graphs that show the symmetry co-relations for 
co-presence measurement for the hologram and video 
calls are shown in the figures below. As is shown, the 
degree of co-presence symmetry is much stronger in 
the hologram rather than the video call.  Likewise, 
there are other indicators that show that Behavioral 
Independence and Emotional Interdependence are 
affected. With behavioral interdependence being 
greater in video and emotional interdependence being 
greater in the hologram call.  
 

Figure 3. Co-Presence symmetry for hologram call 

 
 

Figure 4. Co-Presence symmetry for video call 

 
 
5.2 Effects on Core Affect 
 
     Research question two looked to compare emotions 
between the two conditions. Changes within the 

constructs of general positive affect and general 
negative affect across 3D and 2D conditions were 
compared. An independent-samples t-test was run to 
determine if there were differences in the mean 
changes between the 3D and 2D conditions. For the 
construct of general positive affect, the 3D condition 
elicit a lesser change in emotions (M = 0.312, SD = 
0.44) than the 2D condition (M =0.3521, SD = 0.53), 
no statistically significant difference, M = -.04008, 
95% CI [-0.2352,0.1955], t(96) = -0.408, p = .684. For 
the construct of general negative affect, the 3D 
condition elicit a larger change in emotions (M = -
0.1220, SD = 0.25) than the 2D condition (M =-
0.0833, SD = 0.32), no statistically significant 
difference, M = -.03867, 95% CI [-0.1544,0.0771], 
t(96) = -0.663, p = .509. 
     For the construct of valence, the 3D condition elicit 
a larger change in means (M = 4.36, SD = 0.66) than 
the 2D condition (M = 4.25, SD = 1.24), no 
statistically significant difference, M =0.11, 95% CI [-
0.163,0.383], t(96) =0.799, p = 426. For the construct 
of arousal, the 3D condition elicit no change in means 
(M = 03.50, SD = 1.07) than the 2D condition (M =3.5, 
SD = 1.24), no statistically significant difference, M = 
0.00, 95% CI [-0.464,0.464], t(96) = 0.00, p = 1. For 
the construct of dominance, the 3D condition elicit 
larger means (M =3.22, SD = 0.82), than the 2D 
condition (M = 03.00, SD = 0.97) no statistically 
significant difference, M = 0.22, 95% CI [-.138, 
0.578], t(96) = 1.219, p = 0.226.   
 
5.3 Effects on Novelty 
 
     Research question three explored the construct of 
novelty of interactions between the 3D and 2D 
conditions. Within the overall construct of novelty, 
measurements of novelty experience, technology 
novelty, and novelty of communication were 
observed. For novelty of experience, an independent-
samples t-test was run to determine if there were 
differences between the 3D and 2D conditions. The 3D 
condition elicit a larger experience of novelty (M = 
4.56, SD = 0.71) than the 2D condition (M =3.81, SD 
= 1.08), there was a statistically significant difference, 
M =0.748, 95% CI [0.3822, 1.1128], t(96) = 4.062, p 
> 0.001. For novelty of technology, an independent-
samples t-test was run to determine if there were 
differences between the 3D and 2D conditions. The 3D 
condition elicit a larger feeling of novelty of the 
technology (M = 4.30, SD = 0.8391 ) than the 2D 
condition (M =3.67, SD = 1.1730), there was a 
statistically significant difference, M =0.633, 95% CI 
[0.22566, 1.041], t(96) = 3.084, p > 0.003. For novelty 
of communication, an independent-samples t-test was 
run to determine if there were differences between the 
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3D and 2D conditions. The 3D condition elicits a 
larger feeling of novelty as a way to communication 
(M = 4.40, SD = 0.8571) than the 2D condition (M 
=4.06, SD = 1.0398), there was no statistically 
significant difference, M =1.921, 95% CI [-0.0439, 
0.7189], t (96) = 3.084, p = 0.003. For a summary of 
findings, refer to Table 4. 

 
Table 4. Novelty significance 

Novelty Category p-Values 
This technology was a 
novel experience. 

p < .010  

This technology was 
“new” or “refreshing.”  

P < 0.01 

This technology was a 
novel way to 
communicate. 

p = 0.479 

 
6. Discussion 
  
     The focus of the first research question was to build 
an understanding of social presence around 3D 
communication. Results found that the degree of 
social presence rose or at least the facet co-presence 
rose. Co-presence is the degree to which others feel 
more aware and detected within an environment. The 
assumption is that the experimental 3D condition 
increased the degree of social presence by satisfying 
the first level within The Networked Minds Inventory. 
The rise in social presence is slight, as there were 
mixed correlations and no significance within the 
second level of psycho-behavioral accessibility. 
However, this may be task-dependent.  
     This experiment also focused on performance 
feedback, which limited the communication context. 
Social presence rose; however, there was no 
significance within emotional interdependence 
between the two conditions. This means our CMC 
types did not maximize or minimize social presence 
effect on emotions. This was additionally validated 
with the other metrics of the PANASX, valence, 
arousal, and dominance scales. The experiment 
showed how changes in general positive & negative 
affect are present, yet they are not significant. Valence, 
arousal, and dominance also exhibited changes, but 
when statistically compared, there was no significance 
across the 2D and 3D conditions. 
     Despite this, psycho-behavioral accessibility, 
attentional engagement and emotional 
interdependence display higher correlations of 3D 
than 2D. Attentional engagement measure behavior 
and responses to attention. The assumption is that 
within a 3D environment the participant was more 
attentive, not significantly different.  

    The results within the metrics of novelty support the 
3D condition being significantly higher in the 
experience and the technology itself. However, 
novelty as a form of communication resulted in no 
significant difference between the conditions. This 
supports the notion that 3D communication is a new 
and novel experience and a “refreshing” technology; 
however, it is not a new form of communicating. 
     Cultural entertainment in science fiction, fantasy, 
or action stories have introduced holograms and 3D 
communication. Exploratory research suggests that 
science fiction media fuels the inspiration of 
interactive technologies [12], in addition to temporal 
context and product context [22]. The speculation is 
that multiple decades of cultural diffusion showing the 
form of 3D communication has decreased the novelty. 
Existing literature such as Marcus [17] and Mubin et 
al., [18] exhibits support for a novel technology to be 
inspired by science fiction. Our findings suggest that 
facets of novelty may be affected, but this is an 
assumption. Future research around this concept is 
necessary to make this assumption stronger and well 
supported.  
 

7. Conclusion 
 
      Overall, within this context of research, there 
seems to be facets of social presence that display 
higher correlation within a 3D condition and other 
facets within a 2D conditions. There is a slight increase 
in the degree of social presence in the form of the 
perceptual level. Awareness and detection are 
substantially stronger within 3D condition than the 2D 
condition. Additionally, two facets of novelty of 3D 
were substantially different from 2D. These facets 
being the experience of 3D communication and the 
perception that the technology is “new” and 
“refreshing.”  
 

Table 5.  Lessons learned 
Concept Lessons Learned 
Social 
Presence  

Facets of social presence varied across the 
different technology conditions; however, 
the 3D condition had a significantly higher 
level of perceptual awareness and 
detection. Thus, raising the degree of 
slightly social presence. 

Emotions Emotions may depend entirely on the 
context of communication, or the task at 
hand. There was no significant difference 
between the two technology conditions. 
Additionally, whom one communicates 
with may influence our emotions. 

Novelty Two dimensions of novelty were higher in 
the 3D condition; these being the 
experience, and the technology. However, 
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the “form” of 3D communication was not 
novel. This may give merit to the temporal 
factor within novelty.  

     We understand that social presence is similar 
between video and hologram, while affect differs; 
however, one limitation was that the positive feedback 
given during the calls could have altered the 
participants’ reactions. Second, the individual 
differences of the participants could account for the 
differences. Lastly, the nature of the experiment used 
trivial True/False questions.  
     In the future, research should change the type of 
feedback given. Future research should also consider 
the individual differences (e.g., the Big Five) and how 
they alter one's reaction to the technologies and social 
presence. Lastly, future research should also consider 
exploring different scenarios for the calls, such as 
solving a business problem or making a hiring 
decision. Additionally, future research should look to 
develop the communication context of groups of 
participants to understand mutual social presence. The 
Networked Minds Inventory was adapted within this 
research context to identify individual social presence. 
One future research idea is to incorporate a metric 
around the concept of propinquity, and the effect is 
may have on social presence and emotions. 
Communicating with a stranger in a laboratory setting 
gives some insight, yet stronger data may exist within 
field of measuring these concepts between kin or those 
with strong relationships.   
     Future research should use the shell of this 
experiment to identify and improve upon areas of 
interest. These areas of interest may change depending 
on context; however, the methodologies and analysis 
around social presence, emotions, and novelty were 
imperative to building an additional understanding of 
these concept’s relationships within a 
telecommunication context. Furthermore, as 
telecommunication rapidly evolves, and attitudes 
change, it is important to understand psychological 
concepts, such as presence, emotions, and novelty to 
understand their effect on users. Understanding their 
relationships ultimately contributes to the “why” and 
the “how” they’re adopted and used. Leading to 
advances and improved forms of communication. 
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