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Abstract 

Can three-dimensional (3D) sound in a virtual concert affect the relational evaluation of 

performers? Although previous studies demonstrate that realistic auralization (i.e., 3D sound) in 

virtual environments can foster perceived realism, whether sound itself can affect the formation 

of an interpersonal relationship between users and media personas has yet to be empirically 

examined. To further investigate the power of sound in virtual environments, a 2 x 2 factorial 

design experiment (N = 44), having sound as a within factor (3D vs. 2D) and visualization source 

as a between factor (Virtual reality vs. TV), was conducted. Specifically, we examined the 

effects of auralization on social presence, parasocial relationship, enjoyment, and intent of 

supportive action as well as the moderating effects of the visualization source on social presence. 

The results from the consecutive analyses indicated that auralization had a significant effect on 

social presence, and that heightened social presence, in turn, positively influenced parasocial 

relationship, enjoyment, and intent of supportive action. In addition, social presence was found 

to be a significant mediator for the relationship between auralization and the dependent variables. 

The findings have an implication for the future design of virtual reality contents. 

 Key words: Three-Dimensional sound, virtual reality, social presence, parasocial 

relationship, enjoyment, intent of supportive action. 
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1. Introduction 

 Does sound make a difference to the formation of interpersonal relationships in virtual 

environments (VEs)? While virtual reality (VR) is supposed to be a multimodal system, which 

comprises vision, sound, tactile and haptic stimuli, VR is often deemed a tool which enables 3D 

visualization (Vorländer, 2008, p. 414). In line with this idea, a high volume of VR studies (Hu et 

al., 2000; Kim, 2005; Loomis & Knapp, 2003; Pan et al., 2006; Slater et al., 2010; Welch et al., 

1996) tended to focus on whether visual simulation of reality can elicit a sense of being in VEs 

(Biocca et al., 2003). One of the reasons prior studies have mainly focused on the role of realistic 

visualization might be related to the idea that visual sensation is the most dominant of all the 

sensory systems (Colavita, 1974).  

The paucity of prior empirical evidence makes it hard to predict whether 3D sound will 

have an impact on the formation of an interpersonal relationship ― especially when it comes to a 

context, such as a concert experience, in which sound may potentially play a crucial role. 

Although they have not been directly examined in a virtual concert setting, past studies on 

presence (Hendrix & Barfield, 1996; Larsson et al., 2001; Väljamäe et al., 2004) and parasocial 

interaction (Jin, 2010; Lee, 2013; Lee & Jang, 2013) imply that 3D sound may potentially 

influence the formation of an interpersonal relationship through the mediating role of social 

presence, that is, a sense of being with another (Biocca et al., 2003). Because the formation of an 

interpersonal relationship with a media personality can potentially affect the purchase intention 

of consumers by making them desire to meet media performers (Rubin et al., 1985), it becomes 

very intriguing to examine how realistic sound in a virtual concert can contribute to the 

formation of an interpersonal relationship. 
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In the current study, we investigate whether 3D sound in a virtual concert will influence 

the formation of an interpersonal relationship. Specifically, we explore whether 3D sound 

compared with 2D sound in a virtual concert will significantly heighten a sense of (a) social 

presence, (b) parasocial relationship, (c) enjoyment, and (d) intent of supportive action. In 

addition, we also examine if the degree of realism in visualization (i.e., VR vs. TV) will exert a 

further influence over social presence, when accompanied by either 2D or 3D sound. A 

conceptual model, employing the Social Presence theory (Biocca et al., 2003; Short et al., 1976) 

as a theoretical framework, was proposed to account for the mechanism underlying the formation 

of an interpersonal relationship between a performer and an audience in a virtual concert.  

2. Related work 

2.1. Background on sound research 

Although the role of visualization in VEs, rather than auralization, has been mainly at the 

center of scholarly discussion, some studies note that, sometimes, sound can be more effective 

than visual information in changing human perceptions (Neumann et al., 1991; Reeves et al., 

1993; Stein et al., 1989). Such findings are in support of the earlier hypothesis suggested by 

Starch (1908). According to Starch (1908), the aural sense has evolved to localize sound sources 

because the eyes are only able to see a fraction of the world around a viewer, and vision could be 

hampered in darkness. While visual sense enables us to localize the sound sources only with the 

support of surrounding light, aural sense enables us to localize the sources regardless of the 

surrounding light. In addition, aural sense works in all directions to varying degrees of accuracy, 

while visual sense works in a restricted way.  

Such a mechanism for localizing sound sources underlies the Head-Related Transfer 

Function (HRTF). HRTF demonstrates that humans identify the location of sound sources by 
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comparing the discrepancy between the sound delivered to right ear and left ear. Because HRTF 

explains the sensorial mechanism of how humans perceive sound, researchers have been 

attempting to implement HRTF in VEs (Begault, 2000; Sanchez-Vives & Slater, 2005; Väljamäe 

et al., 2004; Vorländer, 2007). For instance, Begault (2000) applied HRTF to VEs and argued that 

HRTF seems to be the most accurate means to produce a spatial sound cue in 3D VEs. By 

emulating the mechanism of aural perceptions in the real world, researchers believed that HRTF 

would enhance the perceived realism of VEs (Larsson et al., 2004). In line with this belief, it has 

been empirically found that HRTF can add much to perceived realism (i.e., a sense of being in 

VEs) (Ikei et al., 1997; Larsson et al., 2002; Lombard & Ditton, 1997; Lombard et al., 2000; 

Ozawa et al., 2003). Technically, binaural audio recording technologies have been proposed as a 

means of implementing HRTF in VEs. 

Interestingly, some researchers suggest that the effects of binaural audio recording 

technologies will become even more powerful in situations in which room acoustic properties 

play a critical role in enhancing a sense of being inside VEs ― in a virtual concert hall context 

(Larsson et al., 2007, 2009; Vorländer, 2008). According to Larsson et al. (2007), while 

enhancing the quality of sound in certain situations ― e.g., a ride in a rally car ― might not 

always be beneficial, a high quality of sound may be necessary in a large concert hall context 

because incorrect reflections of room acoustic properties may inhibit a sense of being inside VEs. 

In a similar vein, practitioners in the current market are showing interest in developing a virtual 

concert using a 360-degree camera and binaural audio recording technologies (Huopaniemi, 

2016; Milk, 2013). Such interests suggest that implementing realistic visual and aural modes in a 

virtual concert has the potential to change user perceptions because such an implementation can 

enhance the extent to which a virtual concert experience represents reality. Nonetheless, little to 
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nothing is known about whether sound can contribute to the formation of an interpersonal 

relationship. 

2.2. 3D sound and social presence 

The concept of social presence was first developed by Short et al. (1976) in order to 

account for the extent to which people perceive “the degree of salience of the other person in the 

interaction and the consequent salience of the interpersonal relationships” (p. 65). A classical 

interpretation of social presence explains that communicators may perceive a certain 

communication medium as more or less “sociable, warm, sensitive, and personal” (p. 66), 

depending on the ability of a medium to convey multiple sensory cues, or media richness (Daft 

& Lengel, 1986).  

Later, social presence was redefined as “a sense of being with another” in a mediated 

communication (Biocca et al., 2003). When people perceive counterparts in a mediated 

communication as a “real person” instead of an “abstract, anonymous person” (Kreijins et al., 

2004, p. 160), social presence increases as a byproduct of the illusion of non-mediation 

(Lombard & Ditton, 1997). Past studies indicate that media richness seems to be the most 

decisive factor in contributing to a sense of social presence (Daft et al.,1987; Short et al.,1976). 

In general, richer modality cues provided in VEs can predict a heightened sense of presence (e.g., 

Lombard et al., 2000).  

While a relatively small volume of research has been conducted with regard to the 

potential effects of 3D sound in VEs (Slater, 2005), there are some notable findings, which 

support the idea that providing additional sensory cues in VEs can be meaningful and that three- 

dimensional (3D) sound can heighten a sense of presence (Ikei et al., 1997; Larsson et al., 2001; 

Lombard & Ditton, 1997; Ozawa et al., 2003; Väljamäe et al., 2004). Specifically, it was found 
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that spatialized sound (Lombard & Ditton, 1997), moving sound (Ozawa et al., 2003), and live 

sound (Ikei et al., 1997) can elicit a higher sense of presence (i.e., a sense of being in VEs). Such 

findings consistently emphasize that 3D sound can add much to a sense of presence in VEs.  

However, when it comes to predicting the relationship between 3D sound and the 

formation of an interpersonal relationship, to our knowledge, there have been, surprisingly, no 

studies which examined if 3D sound can foster a sense of being with counterparts, leading to the 

formation of an interpersonal relationship in VEs. Given that a sense of social presence increases 

by the progression of multiple sensory cues, we may speculate that adding 3D sound to VEs 

should lead to a heightened sense of social presence. In other words, a sense of being with 

counterparts in VEs should be elicited by adding another sensory cue into VEs. Furthermore, 

previous empirical findings on social presence and parasocial interaction imply that 3D sound 

may also affect the formation of an interpersonal relationship among interactants in VEs. 

2.3. Social presence and parasocial relationship 

Because social presence connotes the feeling of social warmth towards a counterpart or a 

sense of being with another in a mediated interaction, it has been deemed a crucial factor in 

predicting the formation of interpersonal intimacy in the domain of technology-mediated 

communication (Jin, 2010; Lee, 2013; Lee & Jang, 2013). Considering that a mediated 

communication often engages in a one-sided social interaction, the concept of parasocial 

interaction (PSI) is frequently employed in accounting for the formation of possible relationships 

between audiences (i.e., users) and media personas.  

The concept of PSI was first coined by Horton and Wohl (1956) to demonstrate that 

audiences may develop one-sided relationships with media personalities even when reciprocal 

interaction is lacking. The validity of PSI has been tested under various contexts such as “soap 
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characters, comedians, TV shopping hosts, and favorite television personalities of any type” (for 

a review, see Giles, 2002, p. 281). In addition, many subsequent studies have been conducted 

under the paradigm of the uses and gratifications approach, and empirical evidence has 

consistently indicated that PSI in mediated communications underlies similar mechanisms that 

are found in face-to-face (FtF) interactions. (Giles, 2002). Rubin and Perse (1987) argued that 

PSI can originate from the altruistic human instinct to form attachments with others. Empirically, 

Rubin et al. (1985) found that affinity (that is, a media user displaying a liking towards a 

mediated figure) and PSI are significantly correlated. Based on the previous claim that the 

concept of PSI and parasocial relationship (PSR) can be interchangeably treated (Rubin et al., 

1985), the current study does not necessarily make a distinction between the two concepts and 

uses them interchangeably.   

Recently, researchers (Jin, 2010; Lee, 2013; Lee & Jang, 2013) have shown that various 

media channels ― e.g., social network sites and avatar-based interaction in 3D VEs ― can elicit 

a feeling of imagined intimacy (i.e., PSI) toward media personalities such as celebrities and 

avatars, by the mediating role of social presence. These findings resonate well with the notion 

that social presence can affect the formation of PSR (Lombard & Ditton, 1997). While the effects 

of 3D sound on the formation of an interpersonal relationship were not yet empirically 

investigated by earlier scholars, previous findings ― e.g., that realistic auralization in VEs can 

exert an influence over the sense of presence, and that presence can affect the feeling of intimacy 

― enable us to speculate that 3D sound in VEs may potentially influence the formation of an 

interpersonal relationship through the mediating role of social presence.  
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3. Research model 

3.1. Effects of HRTF and VR on social presence 

3.1.1. How 3D sound can foster a sense of social presence  

As noted earlier, it was found that media richness seems to be the most decisive factor 

that can influence a sense of social presence (Daft et al., 1987; Short et al.,1976). Moreover, past 

research indicates that interactivity (Lombard & Ditton, 1997; Lowry et al., 2009; Steuer, 1995) 

or feedback (Walter et al., 2015) in a mediated communication can also foster a sense of social 

presence. However, it normally seems hard to render such an interactivity or feedback in media 

content, where a one-sided social interaction is assumed (e.g., a soap opera, news broadcast or a 

virtual concert) because allowing audiences to engage in reciprocal interactions might be 

perceived as unreal to them. In consuming such media contents, the audience members usually 

view themselves spectators or third-persons in the performance, although they may project 

themselves onto media personalities. Thus, providing interactive functions obtrusively might 

cause them to withdraw from sensing social presence. However, such a withdrawal might not be 

the case ― and the sense of social presence might even be promoted ―  if the interactivity is 

provided unobtrusively to the audience of such media content. 

If we consider that HRTF allows perceivers to localize sound sources by comparing the 

discrepancy between the sound delivered to the right ear and the left ear, HRTF might play a role 

as an interactive or feedback function in VEs. HRTF in VEs allows the sound cognition to vary 

with head movements resembling sound perception in the real world, and people may perceive 

such a function as a cue of interactivity or feedback. Given that interactivity is defined as ‘‘the 

extent to which source and receiver are interchangeable roles’’ and ‘‘the ability to influence the 

presentation of content’’ (Walther, Gay, & Hancock, 2005, p. 640), HRTF may work as a source 
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that plays an interchangeable role with audiences. That is, while it is hard to implement an 

obtrusive interactive function in one-sided media content as in a reciprocal media content, HRTF 

may play a critical role as an unobtrusive interactive function that could enhance the sense of 

social presence. As such, in the context of the current research, considering that the musical 

concert is often understood as an event which entails a one-sided social ― or nonverbal ― 

interaction between the performer and the audience through musical sound, HRTF in VEs may 

foster social presence by enabling media richness and providing perceived interactivity, rather 

than by enabling direct interaction between a performer and audiences. Based on these 

arguments and previous findings (Ikei et al., 1997; Larsson et al., 2002; Lombard & Ditton, 

1997; Lombard et al., 2000; Ozawa et al., 2003), we propose: 

 H1a: HRTF (i.e., 3D sound) will result in a higher sense of social presence than 2D 

sound. 

3.1.2. Effects of visualization (VR vs. TV) on social presence 

In order to enhance the sense of being inside VEs, the mapping of visual and aural 

information should be taken as crucial. In other words, aural cues should coherently resemble the 

spatial characteristics of a visual space to enhance perceived realism. According to Biocca and 

Delaney (1995), the replication of the spatial characteristics of sounds is required to enhance 

aural realism. Empirically, it has been found that social presence can be heightened when the 

sound matches the spatial characteristics of an environment. For example, Hendrix and Barfield 

(1996) and Larsson et al. (2001) found that a sense of presence can be increased when auralized 

sound mimics the reverberation that occurs in a visual environment. As such, the match between 

visual and aural sources may come into play in fostering a sense of being inside a virtual concert.  
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However, although VR systems have drawn attention from both academia and the 

industry recently, the dissemination of VR devices is still insufficient to allow consumers to 

benefit from the power of stereoscopic visualization. In this respect, it would be intriguing to 

investigate if the addition of HRTF to the traditional, and yet the most popular, visualization 

source ― i.e., TV screen ― would be more or less effective. Considering that a 2D visualization, 

the TV screen, does not spatially match the sound sources provided by 3D auralization, we may 

postulate that visualization through VR systems with HRTF would induce a greater synergy 

effect on social presence than would visualization through TV screens with HRTF. Specifically, 

we predict that the difference in the rating of social presence will be greater in VR visualization 

(i.e., 3D) than in TV screen visualization (i.e., 2D). In addition, based on the previous findings 

which indicate that a realistic visualization of VEs can significantly enhance a sense of presence 

(Hu et al., 2000; Kim, 2005; Loomis & Knapp, 2003; Pen, 2006; Slater et al., 2009; Welch et al., 

1996), we posit: 

H1b: VR will result in a higher sense of social presence than the TV screen. 

H1c: Visualization sources will moderate the relationship between auralization and 

social presence. 

3.2. Effects of social presence on PSR and perceptual evaluations of a virtual concert 

3.2.1. Social presence and the formation of PSR 

 A number of studies demonstrate that perceived realism may account for significant 

variance in PSI (Alperstein, 1991; Rubin et al., 1985; Rubin & Perse, 1987). Such studies argue 

that the authenticity of media personas can affect PSI. If we further extend these claims, we may 

speculate that the authenticity of a virtual experience may also exert influence over PSI by 

making the audience perceive a performer as more being authentic. Based on the claim that 
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social presence refers to the extent to which a counterpart in a mediated communication is 

perceived as a real person rather than an abstract person (Kreijins et al., 2004) and that the 

extent to which a media persona is perceived as real (i.e., authentic) determines the formation of 

PSR, a heightened sense of social presence through HRTF may affect PSR. In addition, the 

relationship between social presence and PSR is well established (Jin, 2010; Lee, 2013; Lee & 

Jang, 2013; Lombard & Ditton, 1997) to further hypothesize the relationship between social 

presence and PSR. Taken together, we predict:      

 H2: Social presence will positively influence parasocial relationships. 

3.2.2. Effects of social presence on enjoyment 

Nowak et al. (2009) argue that enjoyment should be taken as critical in terms of testing 

the effectiveness of a technology because the feeling of enjoyment often overrides the perceptual 

evaluation of the effectiveness. In general, it was found that experiencing greater presence 

predicts greater arousal and enjoyment (Heeter, 1992). Such a finding is in line with the notion of 

Lombard and Ditton (1997): “the most prominent psychological impact of presence is enjoyment 

and delight.” Accordingly, the relationship between social presence and enjoyment has been 

empirically well established (Heerink et al., 2008; Heeter, 1995; Lee et al., 2011; Lombard & 

Ditton, 1997; Park et al., 2010). Taken together, we hypothesize: 

H3: Social presence will positively influence the feeling of enjoyment. 

3.2.3. Effects of social presence on intent of supportive action 

Lee (2013) argues that a heightened sense of social presence may also affect the 

consequent appraisal of the target. Past research indicates that presence can often lead people to 

positively judge targets (Lee & Shin, 2012; Skalski & Tamborini, 2007). For example, Lee and 
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Shin (2012) found that social presence, induced by the highly interactive Twitter page of a 

politician, positively affected the intention to vote for the candidate, and Lee et al. (2011) found 

that social presence in an online educational game affected the positive evaluation of learning. 

Cyr et al. (2007) also note that perceived realism may affect the intention to reuse contents or to 

purchase contents. Likewise, if social presence indeed leads people to form positive evaluations 

of the target, the consequent evaluation and intent of supportive action should also be positive. 

Given that social presence can lead to a stronger intent of supportive action (hereinafter ISA) 

towards a movie star (Lee & Jang, 2013), the current study examines whether social presence 

will influence the ISA (i.e., the willingness to pay for the music played by a performer). Such an 

examination has a practical implication for the future design of virtual contents in that the 

willingness to pay for media content may potentially affect the success of recent virtual contents 

with 3D sound in the current market. Taken together, we propose: 

H4: Social presence will positively influence the intent of supportive action. 

3.3. The relationship between PSR and enjoyment and ISA  

3.3.1. Effects of parasocial relationship on ISA 

 Parasocial relationship may also directly affect the ISA. A number of past studies indicate 

that the formation of PSI can affect impulsive buying behavior (Li et al., 2016; Park, 2004). In 

addition to these findings, Rubin et al. (2000) also showed that PSI can positively influence 

planned exposure to a favorite talk show radio host. As such, the formation of PSR can 

potentially foster the ISA towards a performer in a virtual content by eliciting a positive 

appraisal. Taken together, we investigate the generalizability of such findings: 

  H5: Parasocial relationship will positively influence the intent of supportive action. 
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3.3.2. Effects of enjoyment on ISA 

 Not only are there findings which imply that PSR can influence the intention of 

supportive action, but there is empirical evidence that indicates the potential effects of enjoyment 

on the ISA. Notably, most of the findings were examined under the theoretical framework of the 

Technology Acceptance Model (Davis et al., 1989). For example, empirical evidence 

consistently indicates that enjoyment can significantly influence the intention to use technology 

(Suki & Suki, 2011; Teo & Noyes, 2011), intention to purchase virtual goods in a game (Hamari, 

2015), and intention to shop online (Ramayah & Ignatius, 2005). Such findings imply that a 

feeling of enjoyment in a mediated communication can be a significant predictor of supportive 

action. Thus, we hypothesize: 

H6: Enjoyment will positively influence the intent of supportive action. 

3.4. Conceptual model: The mediating role of social presence  

 Taking all the hypotheses together, the current study proposes a conceptual model which 

investigates the mediation paths outlined in Figure 1. In detail, we examine the mediating effects 

of social presence on PSR, enjoyment, and ISA. As noted earlier, social presence can lead people 

to positively judge targets (Lee & Shin, 2012; Skalski & Tamborini, 2007) as well as experiences 

(Lee et al., 2011). Guided by the previous empirical findings which have shown that social 

presence can be a significant mediator for PSR (Jin, 2010; Kim & Song, 2016; Lee, 2013; Lee & 

Jang, 2013), enjoyment (Heerink et al., 2008; Park, Lee, Jin & Kang, 2010), and ISA (Lee & 

Jang, 2013), we predict that social presence will mediate the effects of 3D sound on PSR, 

enjoyment, and ISA: 

H7(a/b/c): Social presence will mediate the effect of HRTF on (a) parasocial 

relationships, (b) enjoyment, and (c) intent of supportive action. 
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However, the paucity of past research makes it hard to predict if social presence and PSR, 

social presence and enjoyment will sequentially mediate the effects of auralization on the ISA. 

Thus, the following research question investigates the effects of auralization on the ISA, having 

social presence and parasocial relationship, and social presence and enjoyment as serial 

mediators: 

RQ(a/b): Will (a) social presence and parasocial relationship, and (b) social presence and 

enjoyment sequentially mediate the effects of auralization on the intent of supportive 

action? 

4. Experimental method 

4.1. Experimental Design  

A 2 x 2 factorial design with a between-subject factor (Visualization source: VR vs. TV) 

and a within-subject factor (Sound: 3D vs. 2D) was employed in order to examine the effects of 

3D sound and visualization source on social presence, PSR, enjoyment, and ISA. The main 

reason we employed a within-subject design for the sound dimension was the relevance of past 

research which indicates that the individual differences in the perceptual mechanism of the 

HRTF are often very hard to control: the difference in body structures (i.e., head and ear shapes) 

makes it hard for people to immediately localize sound when their ears are replaced by another 

person’s ears (Hofman et al., 1998). In detail, it was found that auditory system patterns, such as 

enhancement and cancellation, are individualized, and it takes several weeks for people to adapt 

to new HRTF. So et al. (2010) and Martens (2003) also demonstrate that inter-subject variability 

in the ability to differentiate stimuli (i.e., 2D sound vs. HRTFs) is hard to control. Given the 

previous research, we employed a within-subjects design for the sound dimension to reduce and 

control for individual differences in the HRTF. In addition, the order of the task (3D sound vs. 
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2D sound) was randomly assigned and balanced across the participants in order to prevent 

potential order effects. 

 

4.2. Participants 

46 university students in the United States who had no impairments in visual or aural 

perception were initially recruited for the research in return for a monetary reward using a 

convenience sampling method. Two participants were excluded from the analysis because they 

indicated that they were not able to identify the difference between 3D and 2D stimuli. As a 

result, a total of 44 samples were used for the data analysis. The ages of the participants ranged 

from 19 to 35 (M = 24.68, SD = 4.09), and the gender was balanced in order to prevent any 

possible gender effects. The participants consisted of 21 males (52.3%) and 23 females (47.7%). 

The results of Chi-square testing showed that the gender is well balanced across the between 

conditions (i.e., VR vs. TV), χ2(1) = .82, n.s. None of the participants had previous experience 

with the HRTF function and VR. 

4.3. Apparatus and Stimuli 

The stimuli were created by capturing video and audio footage of a piano performance 

held in a small concert room at a chapel within the university campus. We used a rectangular 

shaped concert room of a size that could accommodate fifty people for the experiment based on 

the previous finding that the sound of rectangular halls can have a greater impact on psycho-

physiological responses and subjective ratings of experience (Pätynen & Lokki, 2016). Three 

musical piano solos in different genres were played by the performer: a classical piece (i.e., 

Mozart Sonata No.330), a popular cinematic soundtrack (i.e., Over the Rainbow), and a 

previously unheard number by an independent composer. We varied genres to prevent genre-
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specific experience or effect, as the emotional (Eerola, 2011) and cognitive (Shevy, 2008) 

perception of music can be dependent on genre. The numbers and the instrument ― i.e., piano 

solos ― were chosen so that they did not carry profound arousal potential in themselves, which 

otherwise could result in a confounding effect. 

The audio was recorded using the Tascam DR-05 portable digital audio recorder. The 

video was captured using a set of 24 GoPro Hero4 cameras. Then the videos captured by each 

camera were seamlessly stitched together using Unity software to create a 360-degree video. The 

video was approximately ten minutes long. The implementation of HRTF was previously time-

consuming work but the Unity software now enables the easy use of such a function, and the 

software was tested to see if it could result in a meaningful change in human perceptions. The 

audio spatializer SDK plugin in Unity was used to implement the general HRTF and head-

tracking function in both VR and TV screen conditions. In order to implement the HRTF, we 

mapped the sound module (the gray box in Figure 2) to the spot where the piano was located in 

the virtual space ― the sphere which visualizes the 360-degree virtual concert (see Figure 2).  

In terms of the audio settings, the spatial blend ― an effect implemented by the 3D 

engine to calibrate the directionality of the sound orientation ― parameters were set differently: 

zero for the 2D condition and .90 for the 3D condition. A 3D spatialization parameter close to 

zero implements 2D sound, while calculations close to one implement 3D sound. This effect 

enables the head-tracking function in VR and increases the spatiality of the sound. In addition, 

the reverberation of the two conditions was differentiated based on the previous findings 

(Hendrix & Barfield, 1996; Larsson et al., 2001). Other than the settings, all other parameters 

were set to be equivalent across the conditions to remove any possible confounding factors (see 

Figure 3 for more details). 
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As for visualization sources, the 3D videos were presented using Oculus Rift 2 head-

mounted display (HMD), and the 2D videos were presented on a 40-inch LG LCD television at 

1080p. Participants in the 2D video condition (TV screen) wore the HMD unit on their forehead 

but this did not hinder their view of the television so that HRTF could be applied.  

4.4. Procedures 

Participants were invited to come to a laboratory that is dedicated to experimental studies 

for human subjects. Upon arrival, the experimenter gave basic information about the purpose of 

the study and asked the participants to complete a consent form. Before starting the experiment, 

we asked the participants to concentrate on the sound of the content to have them identify the 

difference between the two different stimuli (i.e., 3D & 2D). Except for the instruction, no other 

information was given to prevent any possible demand characteristics. After completing the 

consent form, the participants were escorted to the part of the room where the HMD was located 

and given the task of experiencing a virtual concert. Participants in the 2D visualization source 

condition sat 120 cm from the television screen so that the perceived distance between the 

participant and the performer within the video was similar to that in the 3D visualization 

condition. 

Specifically, the experiment consisted of two sessions ― watching 2D and 3D content ― 

and right after each session, survey questionnaires were given to the participants. As mentioned 

earlier, the order of the tasks was counterbalanced to control for order effects. The length of a 

virtual concert was about 12 minutes, and it took about 30 minutes for each participant to finish 

the experiment. After the session, compensation of $15 was given to the participants together 

with debriefing information. 
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4.5. Measures 

 Social Presence was measured by seven bipolar adjectives adapted from the Temple 

Presence Inventory (Lombard et al., 2009). The items consisted of “remote/immediate,” 

“unemotional/emotional,” “unresponsive/responsive,” “dead/lively,” “impersonal/personal,” 

“insensitive/sensitive,” and “unsociable sociable.” The composite score was used for the final 

product, and higher scores indicated a higher sense of social presence (2D sound: 𝛼 = .86; 3D 

sound: 𝛼 = .90; Overall: 𝛼 = .89). 

Parasocial Relationship was measured by seven items adapted from the Parasocial 

Interaction Scale (Rubin & Perse, 1987). A 10-point Likert Scale (1 = strongly disagree to 10 = 

strongly agree) was used. We removed three items from the original measure because the items 

appeared to presuppose regular exposure to the media personality (e.g., “If the person has 

appeared on another television program, I would watch that program,” and “I miss seeing the 

person when he or she is on vacation”) or a specific media content (e.g., “When the newscaster 

reports a story, he or she seems to understand the kinds of things I want to know”). The seven 

items retained were: “I will feel sorry for the performer when he or she makes a mistake,” “The 

performer makes me feel comfortable, as if I am with friends,” “I see the performer as a natural, 

down-to-earth person,” “I look forward to watching the performer on media,” “If there is a story 

about the performer in a newspaper or magazine, I would read it,” “I would like to meet the 

performer in person,” and “I find the performer to be attractive” (2D sound: 𝛼 = .73; 3D sound: 𝛼 

= .80; Overall: 𝛼 = .77).  

Enjoyment was measured via six adjective items extracted from the study of Tamborini et 

al. (2010). The items we used were: “Entertaining,” “Interesting,” “Enjoyable,” “Fun,” 

“Exciting,” and “Satisfying.” A 7-point response scale (1 = “Not at all” to 7 = “Extremely”) was 
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used. Higher scores indicated a greater feeling of enjoyment (2D sound: 𝛼 = .92; 3D sound: 𝛼 

= .95; Overall: 𝛼 = .94). 

Intent of supportive action (i.e., willingness to pay for the music) was measured by a 

single item: “How much are you willing to pay for the music if it is released? (You may pay up 

to a maximum of $5).” The amount of money closer to $5 indicates a stronger intent of 

supportive action.  

4.6. Data Analysis 

Three consecutive steps were used for the data analysis. First, a repeated measures 

ANOVA was used to examine the effects of 3D sound and visualization source on social 

presence (H1). Second, structural equation modeling via WarpPLS 6.0 (Kock, 2017) was used to 

validate the relationship between social presence and other dependent variables (H2-H6). 

WarpPLS is known to be unaffected by the normality assumption, sample size, and complex 

structures of a model (Chan et al., 2015). Difference scores (i.e., 3D sound score minus 2D sound 

score) were used in testing the relationship between social presence, PSR, enjoyment, and ISA. 

Before examining the relationship between the variables, the actual variability in the difference 

of the variables was tested via a repeated measures ANOVA. Last, for the test of mediation 

effects, we used the MEMORE macro (Montoya, 2017) in IBM SPSS 21 (H7 & RQ). MEMORE 

supports the running of a mediation analysis in a repeated measures design. 

5. Results 

Self-reported measures were used in the current study, and common method bias (CMB) 

was tested to ensure the quality of our data. Harman's one-factor test (Cenfetelli et al., 2008; 

Podsakoff & Organ, 1986) was conducted, having all the 21 items included into a factor analysis 

using the maximum likelihood extraction and varimax rotation methods. More than one single 
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factor extracted from the data indicates that CMB is not present in a dataset (Podsakoff & Organ, 

1986; Cenfetelli et al., 2008; Liang et al., 2007). Because we had a within-subjects factor, the 

factor analysis was conducted towards the 2D sound and 3D sound conditions, and the full data, 

respectively. The results from the Kaiser criterion (i.e., Eigenvalues > 1) indicated a six-factors 

solution for the 2D sound (30.64% variance explained by the first factor) and a five-factors 

solution for the 3D sound condition (38.86% variance explained by the first factor), respectively. 

In addition, the results from the factor analysis with the full data indicated a four-factors solution 

(36.19% variance explained by the first factor). Thus, the results showed that our data did not 

appear to have CMB. 

In order to ensure the construct validity of our measures, item loadings for each indicator 

(see Table 1) as well as the internal consistency reliability (Cronbach’s Alpha) were also 

evaluated. All of the items loadings were above .50 and they were statistically significant at the 

level of P-value below .001, which indicates a desirable reliability for reflective indicators 

(Kock, 2017). In addition, as shown in Section 4.5, the internal consistency reliability for all the 

constructs was acceptable (i.e., above .70).  

We also included three items for the purpose of a manipulation check of sound 

discrepancy: “How much did the auditory aspects of the environment involve you?” “How well 

could you identify the sound?” and “How well could you localize the sound?” The items related 

to sound localization were extracted from the presence questionnaire developed by Witmer and 

Singer (1998). The three items were composited for the manipulation check. In support of our 

manipulation, the results showed that participants who were exposed to the 3D sound condition 

(M = 5.43, SE = .17) were better at localizing the sound sources than participants who were 

exposed to the 2D condition (M = 4.45, SE = .21), F(1, 43) = 20.35, p < .01, ηp
2 = .32). In sum, 



22 

 

the results suggested that we could move forward to test the current study’s hypotheses and 

research questions. 

5.1. Effects of HRTF and visualization on social presence 

H1a predicted that 3D sound equipped with HRTF would result in a higher sense of 

social presence than 2D sound. Consistent with our hypothesis, the results of a repeated measures 

ANOVA indicated that the participants had a higher sense of social presence when they were in 

the 3D sound condition (M = 4.88, SE = .16) than when they were in the 2D sound condition (M 

= 4.04, SE = .14), F(1, 42) = 27.27, p < .001, ηp
2 = .39. The results of Box’s test were not 

significant, F(3, 317520) = 7.33, n.s. Therefore, H1a was supported. 

H1b predicted that VR visualization would result in a higher sense of social presence than 

TV screen visualization. The results showed that the participants reported a higher sense of social 

presence when they were exposed to VR visualization (M = 4.74, SE = .18) than when they were 

exposed to TV screen visualization (M = 4.18, SE = .18), F(1, 42) = 4.92, p < .05, ηp
2 = .11. 

Thus, H1b was supported. However, contrary to our prediction, there was no significant 

moderating effect of visualization on auralization, F(1, 42) = .08, n.s., ηp
2 = .00. Therefore, H1c 

was not supported. 

5.2. The relationship between social presence, PSR, enjoyment, and ISA 

As difference scores were used to test the relationship between social presence, PSR, 

enjoyment, and ISA, we first tested whether the actual variability in the difference of the 

measured variables is statistically significant. Along with the significant difference found in 

social presence, the results from a repeated measures ANOVA show that the variability in the 

difference of other measured variables is also significant: PSR, F(1, 43) = 5.27, p < .05, ηp
2 
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= .11; Enjoyment, F(1, 43) = 8.98, p < .01, ηp
2 = .17; and ISA, , F(1, 43) = 5.07, p < .05, ηp

2 

= .11, respectively. 

To test the relationships between the measured variables in our model, we used partial 

least squares (PLS) structural equation modeling. In terms of the model fit, we examined the 

average path coefficient (APC), average R-squared (ARS), average variance inflation factor 

(AVIF) and average full collinearity VIF (AFVIF) values. AVIF and AFVIF values below 3.3, 

and the significant APC and ARS indicate a good model fit (Kock, 2017). Overall, the results 

showed that the proposed conceptual model has a good model fit: APC = .37, p < .01; ARS = 

0.32, p < .01; AVIF = 1.53; and AFVIF = 1.55. The results of the average adjusted R-squared 

(AARS) score indicated that 29% (p < .01) of the variance in the dependent variable was 

explained by the independent variables in our model. 

The results of the path analysis showed that social presence is a significant predictor for 

PSR (H2) and enjoyment (H3). However, social presence is not a significant predictor for ISA 

(H4). In terms of the relationship between PSR and ISA (H5), the results indicated that PSR 

significantly and positively affects ISA. Another finding which was inconsistent with our 

prediction was the relationship between enjoyment and ISA (H6). The results indicated that 

enjoyment does not significantly predict ISA. The coefficients of determination (R2) for each 

endogenous variable were moderate to substantial (Cohen, 1988): .23 (PSR), .38 (enjoyment) 

and .35 (ISA). Therefore, H2, H3 and H5 were supported, whereas H4 and H6 were not (Figure 

4). 

5.3. Mediation Effects 

H7 and RQ were tested using the MEMORE macro (Montoya, 2017). The bias-corrected 

bootstrap method was used with 5000 bootstrap replicates. Consistent with our prediction, the 
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effect of auralization on PSR, enjoyment, and ISA was significantly mediated by social presence: 

PSR, 95%CI [.10 ~ .67]; enjoyment, 95%CI [.26 ~ .74]; and ISA, 95%CI [.05 ~ .48]. Thus, H7 

was supported. 

RQ(a/b) tested the mediation effects of the “social presence ->PSR” and the “social 

presence -> enjoyment” paths. The results showed that the effects of auralization on ISA were 

sequentially mediated by the “social presence -> PSR” path, 95%CI [.02 ~ .48]. However, the 

“social presence -> enjoyment” path did not sequentially mediate the effects of auralization on 

ISA, 95%CI [-.12 ~ .50] (see Table 2 for more details). 

6. Discussion 

6.1. Discussion of results 

In the current research, we investigated how 3D sound could make a difference to social 

presence, the formation of an interpersonal relationship, enjoyment, and the intent of supportive 

action when accompanied by either 2D or 3D visual footage of a concert. Overall, the results 

revealed that 3D sound could be a significant factor that could predict a sense of social presence. 

This finding is directly in line with the idea that media richness can play a critical role in 

encouraging the sense of social presence (i.e., Short et al., 1976). Sequentially, heightened social 

presence led people to form an intimate relationship with the media personality, and, in turn, led 

to a stronger intent of supportive action (i.e., an evaluation of the performance). In addition, the 

findings also showed that social presence, elicited by 3D sound, can lead people to enjoy virtual 

content more. Such results suggest that eliciting a sense of being inside VEs through 3D sound 

can be critical in affecting the formation of an interpersonal relationship as well as consumer 

behaviors (i.e., intent of supportive action). 
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In general, there are a number of studies that provide a plausible explanation as to why 

and how social presence, elicited by 3D sound, might have influenced the formation of an 

interpersonal relationship with the media figure, enjoyment, and the intent of supportive action. 

For example, the MAIN model (Sundar, 2008) proposes that the perceived realism or a sense of 

being inside a media environment can elicit a positive evaluation of the experience. Previously, it 

was found that social presence (or realism heuristic) may activate heuristic information 

processing (Kim & Sundar, 2015; Skalski & Tamborini, 2007), and can thereby lead people to 

make a judgment based on mental shortcuts (e.g., “if something seems realistic, then it must be 

good”; Kim & Sundar, 2015, p. 47). As such, we may speculate that the enhancement of 

perceived realism and the sense of being inside VEs via 3D sound might have led audiences to 

rate the virtual experience positively ― i.e., more enjoyable and more willing to support the 

performer ― by making them rely on the realism heuristic. 

The visualization source also had a significant impact on the sense of social presence, 

which is in line with prior findings (Hu et al., 2000; Kim, 2005; Loomis & Knapp, 2003; Pen, 

2006; Slater et al., 2009; Welch et al., 1996). However, inconsistent with our prediction, the 

visualization source did not significantly moderate the effects of auralization on social presence. 

On the one hand, such results might be interpreted as a sign that the degrees of realistic 

visualization are comparably meaningful in enhancing a sense of social presence as much as 

auralization, regardless of the match between sound and visualization. In other words, there 

might exist a synergy effect in the match between 3D sound and stereoscopic visualization (i.e., 

VR) but realistic sound and visualization may play their respective roles in affecting the sense of 

social presence. On the other hand, the fact that we had subjects who did not have previous 

experiences with VR systems, calls into the question the possibility of a novelty effect. Although 
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we aimed to include subjects who had previous experiences with VR systems for the current 

study, limitations of the sampling pool have worked as a hindrance in controlling for potential 

novelty effects. If previous experiences with VR systems were controlled, we cautiously predict 

that the results might have been consistent with our hypothesis that the match between HRTF 

and stereoscopic visualization will engender a synergy effect. 

As noted earlier, social presence has been consistently found to be a crucial factor in 

predicting the formation of PSR (Jin, 2010; Lee, 2013; Lee & Jang, 2013; Lombard & Ditton, 

1997) and enjoyment (Heerink et al., 2008; Heeter, 1995; Lee et al., 2011; Lombard & Ditton, 

1997; Park et al., 2010). The results of the current research suggested that previous results found 

in other contexts can also be extended to the domain of auralization ― i.e., HRTF technology. 

Although the results showed that social presence did not directly affect ISA, the relationship 

between the auralization and ISA became significant when mediated by social presence. Such a 

finding resonates well with the empirical evidence examined by Lee and Jang (2013): social 

presence can mediate the effects of a communication channel (i.e., SNS vs. News) on willingness 

to watch a movie featuring the actor introduced by the respective media sources. 

In addition to the findings, it merits notice that providing an unobtrusive interactivity 

through the head-tracking function could also be meaningful in eliciting a sense of social 

presence. The results suggest that an unobtrusive way of providing interactivity through HRTF 

may be an alternative tool in positively affecting consumer behaviors, in situations where a one-

sided social interaction with media personalities is necessary. Previously, Walter et al. (2015) 

found that the feedback function in media technologies can be useful in eliciting social presence, 

which can positively affect the degrees of perceived trustworthiness, enjoyment, and usefulness 

of feedback. In a similar vein, the results of the manipulation check revealed that providing 
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HRTF made participants perform better at localizing the sound sources; we surmise that HRTF 

has rendered more realistic experiences, and thereby made participants perceive the feedback ― 

i.e., interactivity function ― as more useful. Given that the feeling of enjoyment often overrides 

the perceptual evaluation of effectiveness (Nowak et al., 2009), the significant relationship found 

between social presence and enjoyment leads us to make such a speculation. 

Moreover, the results further suggested that the formation of PSR should be considered 

crucial in predicting the degrees of ISA. As found by previous scholars, intimate feelings towards 

a media personality turn out to play a critical role in positively affecting consumer behaviors (Li 

et al., 2016; Park, 2004; Rubin et al., 2000). That is, rendering a more realistic experience 

through 3D sound may potentially make audiences perceive a media figure as more real and 

close, and, consequently, form an intent to support the media figure. The results of a mediation 

analysis, having social presence and PSR as mediating variables, also ascertained the critical role 

of PSR on ISA.   

Unexpectedly, enjoyment was not significantly associated with ISA, although a number 

of previous studies indicated that enjoyment can positively affect the willingness to use agents 

(Al-Natour et al., 2011), visit websites (Hassanein & Head, 2007), use technology (Suki & Suki, 

2011; Teo & Noyes, 2011), intend to purchase virtual goods in a game (Hamari, 2015), and 

intend to shop online (Ramayah & Ignatius, 2005). The results of a mediation analysis, with 

social presence and enjoyment as mediating variables, were also insignificant. Similarly, 

relatively recent research conducted by Walter et al. (2015) found an insignificant relationship 

between perceived enjoyment and perceived feedback usefulness in the context of computer-

mediated communication feedback systems. Such previous findings, in line with the current 

research, raise a question about the relationship between enjoyment and intention to accept and 



28 

 

support media content as well as a technology. We speculate that the findings in respect to the 

significant relationship between enjoyment and the acceptance of media are not domain-general 

but rather hinge on the context. 

In regard to the practical implications of our research, the findings provide a future 

direction for the design of entertainment media contents. Although the performer and the 

audience intentionally had zero acquaintance prior to participating in the current research, 

enhancing the quality of sound significantly affected the formation of intimacy towards the 

media figure. That said, if favorite media figures are featured through HRTF and stereoscopic 

visualization, it might result in a greater impact on consumer behaviors by fostering attachment 

towards media personalities. Thus, future studies should consider incorporating HRTF (i.e., 3D 

sound) as an interactive function. Furthermore, the results of the effects of visualization imply 

that adding HRTF to the TV screen may also be meaningful in fostering a sense of social 

presence. As noted earlier, the dissemination of VR devices still lags behind in popularity, 

although the power of such a tool has been extensively ascertained by past research. In this way, 

the addition of HRTF to 2D media contents might be one of the alternatives to overcome such 

limitations in their dissemination. Based on the results of our research showing that the HRTF 

can be meaningful even when accompanied by TV screens, practitioners may search for ways to 

implement HRTFs in 2D contents, using portable mobile devices, instead of VR HMDs. 

6.2. Limitations and future directions 

Our study has a few limitations. First, the fact that the current study employed a musical 

concert as a stimulus confines the generalizability of the findings. That is, the findings might be 

only applicable to the realm where replication of room acoustic properties may play a critical 

role. In line with the suggestion made by Biocca and Delaney (1995), realistic sound may rather 
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inhibit a sense of being inside VEs in certain situations where sound may discourage the level of 

immersion, such as in virtual car driving. Additionally, although we varied the musical genre, the 

type of performance was limited to piano solos, which suggests that the findings of this study 

might be limited to a specific type of performance (i.e., piano without vocals). Therefore, future 

studies should further test if the findings are viable in other contexts considering both music 

genres as well as content types.  

Second, the current study inevitably employed a general-purpose HRTF to investigate 

the effects of auralization. As mentioned earlier, past research on HRTF has revealed that 

individual differences in body structure are hard to control and it requires a considerable amount 

of time of some weeks for people to get used to a new HRTF (Hofman et al., 1998). The study by 

Sanchez-Vives and Slater (2005) suggests a way to solve the problem in adaptation via 

explaining the concept of person-specific HRTF. By implementing the person-specific HRTF, it 

is presumable that 3D sound may result in a stronger effect on the dependent variables. However, 

obtaining person-specific HRTF is known to be a time-consuming method (Sanchez-Vives & 

Slater, 2005), and this constrained us to employ the general-purpose HRTF instead. It would be 

intriguing to see how the results might unfold when individualized HRTF is employed.  

Third, our research failed to consider the potential effects of previous experiences with 

VR technologies. We speculate that the results related to the visualization sources might unfold 

in different ways if prior experiences with VR technologies are taken into account.  

Although the findings are not directly related to the current study’s domain, there are a 

number of studies which found that the match between sound and visual information can 

significantly affect human perceptions in various ways: social presence (Lee & Nass, 2003), 

persuasiveness (Zanbaka et al., 2006), and empathy (Collins, 2011). Given that the 
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conceptualization of anthropomorphism relates to the degree of perceived realism, it would be 

meaningful to further investigate if realistic sound may affect other perceptual dimensions such 

as trustworthiness and persuasiveness of media contents. Put in another way, it would be 

intriguing to see if the realism of sound itself could affect people’s social response towards 

artificial entities such that human reactions are evoked by the visual realism of these entities.   

6.3. Conclusions 

Despite the importance of sound in our everyday life, the role of sound has been 

underestimated by scholars. Such a trend might reflect the idea that there is a huge individual 

difference in people’s ability to distinguish the differences in aural stimulation (Martens, 2003). 

However, our study suggests that sound may play a crucial role in terms of enhancing the overall 

quality of media experiences.  

In this regard, we believe that our study has made a cornerstone contribution to extending 

the previous findings related to the effects of 3D sound on interpersonal relationships and the 

acceptance of media content. As the effects of visual realism are well established by scholars, it 

is time to move forward to investigate the role of sound and the effects of multimodal systems on 

human perceptions. As a final remark, we believe that our study will help scholars and 

practitioners who are working hard on the issue of development and application of VR to have a 

better understanding of how 3D multimodal VR content, especially sound, could be adopted by 

consumers. 
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Tables 

Table 1 

Item loadings 

SP  Item Loading PSR  Item Loading Enjoyment Item Loading ISA Item Loading 

SP1  .64*** PSR1  .50*** EJ1 .68*** ISA 1.00*** 

SP2  .74*** PSR2  .64*** EJ2 .81***   

SP3  .79*** PSR3  .65*** EJ3 .78***   

SP4  .71*** PSR4  .52*** EJ4 .85***   

SP5  .71*** PSR5  .52*** EJ5 .71***   

SP6  .78*** PSR6  .65*** EJ6 .77***   

SP7  .73*** PSR7  .54***     

Note. SP = Social Presence, PSR = Parasocial Relationship, ISA = Intent of Supportive Action 

***p < .001 
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Table 2 

The results of a mediation analysis 

    Confidence Intervalb 

Mediation Path Ba SE Lower CI Upper CI 

Auralization → Social Presence → PSR .36 .14 .11 .67 

Auralization → Social Presence → Enjoyment .47 .12 .27 .76 

Auralization → Social Presence → ISA .23 .11 .05 .49 

Auralization → Social Presence → PSR → ISA .12 .07 .03 .31 

Auralization → Social Presence → Enjoyment → ISA .05 .10 -.13 .25 

Note. PSR = Parasocial Relationship, ISA = Intent of Supportive Action  

aUnstandardized path coefficient 

bBias-corrected 95% confidence interval 
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Figures 

 

Figure 1. Conceptual model 
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Figure 2.  Mapping of the Audio Module via Unity 
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Figure 3. Audio Setting in Unity (2D & 3D Audio Setting) 
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Figure 4. PLS model results 

 


