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Abstract
Three‐hundred‐and‐sixty‐degree videos visualized through virtual reality (VR) technologies are recognized
as an effective tool for fostering positive attitudes towards environmental stewardship by immersing users
in persuasive storytelling narratives. However, a lack of an overarching framework hinders the
understanding of its role in promoting prosocial environmental behaviors, particularly its effects on
information processing and behavioral intentions. Notably, recent studies have suggested that feeling
transported into a VR environment (i.e., presence) could positively bias message evaluation and the way
people process information by activating heuristics connected to immersive experiences (i.e., the bias
hypothesis of the heuristic‐systematic model). Drawing on this proposition, this study conducted a
between‐subject design experiment (𝑁 = 60), comparing a 360‐degree pro‐environmental campaign video in
VR with that in a two‐dimensional format. Results from partial least squares structural equation modeling
indicated that a 360‐degree video in VR induced a higher sense of presence, yet heuristic evaluation of
message credibility decreased when a sense of presence was low. Moreover, message credibility was found
to be positively associated with the valence (consistency) of message‐relevant thoughts, but moderate
evaluation of message credibility buffered the generation of consistent message‐relevant thoughts. Finally,
the valence (consistency) of message‐relevant thoughts had a curvilinear relationship with the intention to
engage in pro‐environmental behaviors, albeit with a small effect size. Results suggest the complexity in
influencing behavioral intentions via 360‐degree videos in VR. Nonetheless, the findings support the
proposition that the immersive affordance of immersive storytelling content could prompt users to align
with campaign messages by activating a positive heuristic bias.
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1. Introduction

Advances in immersive technologies, such as 360‐degree videos (i.e., omnidirectional videos that allow the
panoramic view of scenery; Cinnamon & Jahiu, 2023) and virtual reality (VR), have sparked a wave of interest
from researchers in exploring their potential as tools for immersive storytelling. Notably, 360‐degree video
content has garnered significant interest from researchers for its capacity to immerse users in compelling
narratives and induce the sense of being part of realistic scenarios without incurring high costs compared to
VR content (Evens et al., 2023).

Although the efficacy of employing 360‐degree videos for immersive storytelling has been actively
examined by previous researchers across various domains such as advertising (Feng, 2018), historical
education (Pehlivanides et al., 2020), and safety training (Z. Ma, 2022), a considerable amount of research
has been focused on testing its effectiveness in the domain of environmental communication (e.g., Oh et al.,
2020; Oh, Jin, et al., 2021). Most of the previous studies examining the role of 360‐degree videos in
environmental communication seem to agree that storytelling environmental issues through a 360‐degree
video could significantly promote prosocial environmental behaviors compared to traditional videos
(i.e., non‐panoramic videos). Furthermore, numerous studies suggest that the effectiveness of 360‐degree
videos in storytelling could be amplified when persuasive narratives are visualized through a VR
head‐mounted display (HMD; Amrhein & Balaban, 2024; Breves & Heber, 2020; Cinnamon & Jahiu, 2023;
Fraustino et al., 2018). Nonetheless, we are still left with a few gaps in knowledge that hinder a clear
understanding of the cognitive mechanism underlying the role of 360‐degree videos in immersive
storytelling for promoting prosocial environmental behaviors.

First, we aim to test the potential of 360‐degree videos in immersive storytelling for promoting
pro‐environmental behaviors, with a particular focus on defining “immersiveness” as a key affordance of
360‐degree videos viewed through a VR HMD. This focus is informed by previous studies that often identify
“interactivity” as the primary affordance of 360‐degree videos compared to traditional video content
(e.g., Oh et al., 2020; Oh, Jin, et al., 2021), or overlook the potential for interactivity in 2D content filmed
with 360‐degree cameras (e.g., Breves & Heber, 2020). The increase in immersiveness, encompassing both
vividness and interactivity (Slater & Wilbur, 1997; Steuer, 1992), is known to induce a sense of spatial
presence, making users feel as if they are situated within the mediated environment (Wirth et al., 2007).
By defining immersiveness through the combined effects of enhanced vividness and interactivity afforded
by 360‐degree videos viewed through VR HMDs, we aim to gain a clearer understanding of how immersive
technologies can be leveraged to effectively design immersive storytelling content.

Second, given that there is a lack of an overarching framework that provides a clear understanding of the
underlying mechanism of the efficacy of 360‐degree videos in immersive storytelling, the current study
attempts to provide a theoretical explanation of how 360‐degree videos in combination with a VR HMD
used for storytelling environmental issues could influence the behavioral intentions of users. Specifically, the
current study aims to test the propositions of the four‐step model of persuasion by spatial presence (Breves,
2023), in which a sense of presence induced by the immersive affordance of a technology is predicted to
positively bias the persuasive effects of immersive technologies by positively biasing the heuristic evaluation
of messages and the way users process message‐relevant information (i.e., the bias hypothesis of the
heuristic‐systematic model; Chaiken & Maheswaran, 1994). The validation of the framework suggested by
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Breves (2023) may provide insights into a better understanding of the persuasion process underlying the use
of recent immersive technologies for storytelling.

Lastly, using a partial least squares structural equation modeling (PLS‐SEM) technique, we aim to provide
a nuanced understanding of the possible nonlinear relationship among the constructs included under the
four‐stepmodel of persuasion by spatial presence (Breves, 2023). The explication of the nonlinear relationship
among perceptual variables such as presence and credibility, and cognitive and behavioral variables such as
information processing and behavioral intentions may significantly advance existing scholarship by allowing a
clearer understanding of the contextual effects of immersive technologies and their relevant variables.

2. Literature Review

2.1. Three‐Hundred‐and‐Sixty‐Degree Videos, Immersive Storytelling, and Environmental
Communication

According to Cinnamon and Jahiu (2023), 360‐degree videos (i.e., omnidirectional or spherical videos
that allow the panoramic view of scenery) offer unique affordances and functionalities compared to
traditional video formats, whereby users can dynamically explore scenes from various directions and
angles through zooming and panning functions instead of having passive viewing experiences.
Three‐hundred‐and‐sixty‐degree videos have advantages over VR content in that they could be relatively
more easily and cheaply produced. While previous studies demonstrate and suggest that VR content can
also effectively immerse users in persuasive narratives (e.g., Ahn et al., 2014; Behm‐Morawitz & Shin, 2024;
Meijers et al., 2023), the difficulty in developing VR content, with respect to costs and time required, has
been considered one of the disadvantages of employing VR for immersive storytelling (Breves & Heber,
2020; Evens et al., 2023). Given this limitation, researchers and practitioners have been acknowledging
360‐degree videos as an effective alternative to VR content.

Among the various domains in which the effectiveness of immersive storytelling has been tested, numerous
studies have demonstrated a special interest in the use of 360‐degree videos within the realm of
environmental communication (Oh et al., 2020; Oh, Jin, et al., 2021). Supporting this, Cinnamon and Jahiu
(2023), through a scoping review study, found that 42 out of 165 publications published between January
2011 and June 2022 examined the role of 360‐degree videos in the context of environmental
communication. As such, previous researchers have increasingly witnessed and showcased the benefits of
using 360‐degree videos in addressing sensitive issues (e.g., climate change, natural disasters; Fraustino
et al., 2018; Oh et al., 2020). For example, Oh et al. (2020) found that 360‐degree videos could enhance
intentions to protect the environment compared to unidirectional videos in the context of environmental
communication about climate change. Furthermore, multiple studies have demonstrated the positive impact
of watching environmental issues through 360‐degree videos on factors such as commitment to the
environment (Breves & Heber, 2020), connection to nature (Sneed et al., 2021), interest in the
environmental cause (Nelson et al., 2020), and intention to recommend the video (Amrhein & Balaban,
2024). In line with these findings, global nonprofit environmental organizations, such as the UN Environment
Programme, have embraced this technology for immersive storytelling, recognizing its potential to engage
audiences and raise awareness of pressing environmental issues by placing them at the center of the
narrative (e.g., Virtual Reality/360 Video: Meet Your Carbon Footprint).
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2.2. Immersiveness

Although relatively more costly than visualizing 360‐degree content on‐screen (i.e., a computer screen),
previous studies demonstrate that the effectiveness of 360‐degree videos in storytelling could be amplified
when viewed through VR HMDs (Amrhein & Balaban, 2024; Breves & Heber, 2020; Cinnamon & Jahiu,
2023; Fraustino et al., 2018). The structural affordance of 360‐degree content, which involves immersion
through a panoramic view of scenery, suggests that its potential could be maximized when aligned with the
structural affordance of VR HMDs. This alignment provides a greater degree of freedom in sensory
(vividness) and motor (interactivity) engagement with immersive stimuli (Biocca, 1997), both of which are
known to enhance the level of immersion.

In line with this idea, previous studies demonstrate that both the “vividness” and “interactivity” of immersive
technology are important factors contributing to the level of immersion (Slater & Wilbur, 1997; Steuer,
1992). However, many studies investigating the impact of 360‐degree videos have often operationalized
“interactivity” as the primary feature of the technology, primarily comparing it with the static and
non‐interactive aspects of traditional video content (Oh et al., 2020; Oh, Jin, et al., 2021). Yet, 360‐degree
video viewed through VR HMDs also enhances the vividness of the experience by offering a greater degree
of realism (i.e., sensory depth; Lombard & Ditton, 1997) through natural sensory engagement with stimuli,
compared to 360‐degree content viewed on 2D screens.

In this regard, defining interactivity as the primary structural affordance of 360‐degree videos may not be
sufficient for fully understanding the comparative effects of 360‐degree videos viewed through VR HMDs
versus 2D screens. VR HMDs enable users to engage more naturally with stimuli within the mediated
environment, thereby enhancing the vividness of the experience. Additionally, while recent 360‐degree
videos viewed on computer screens also allow for some level of interaction (e.g., switching perspectives by
dragging a mouse), this has often been overlooked by previous scholars (e.g., Behm‐Morawitz & Shin, 2024;
Breves & Heber, 2020; Meijers et al., 2023). Given this, it is important to clarify how interactivity in
immersive storytelling using 360‐degree videos can be further enhanced through the use of VR HMDs.

Technically, 360‐degree videos viewed through VR HMDs can induce a stronger sense of vividness, as they
provide a greater level of realism in sensory experiences (i.e., sensory depth; Lombard & Ditton, 1997)
compared to 360‐degree videos viewed on 2D computer screens. This enhanced vividness is facilitated by
the panoramic view of scenery and higher screen resolution, which simulates the bodily visual experiences
we have in physical environments. Furthermore, 360‐degree videos viewed through VR HMDs should afford
a higher level of interactivity compared to those viewed on 2D computer screens, as they allow for more
natural interaction with the mediated environment through head rotation and controllers. Although
360‐degree videos on 2D computer screens provide some level of interaction through mouse dragging, the
interactivity provided by VR HMDs is likely to be more robust, due to factors such as speed (i.e., immediacy
of feedback), range (i.e., degrees of freedom), and mapping (i.e., naturalness) that determine the strength of
interactivity (Steuer, 1992). Specifically, motor engagement with mediated stimuli through VR HMDs should
be more immediate and natural, offering a greater degree of freedom and a larger number of possible actions
compared to engagement with the same stimuli through 2D computer screens. The stronger sense of
vividness and interactivity afforded by 360‐degree videos viewed via VR HMDs should, therefore, amplify
user immersion compared to 360‐degree videos viewed on 2D computer screens, regardless of the level of
interaction afforded by mouse movement on the latter.
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2.3. (Spatial) Presence

A considerable number of previous studies have predominantly suggested that at the heart of the enhanced
immersiveness through 360‐degree videos in HMDs lies the concept of presence (i.e., a sense of being
located in the midst of the mediated environment; Wirth et al., 2007). As seen in previous studies (e.g.,
Amrhein & Balaban, 2024; Breves & Heber, 2020), the sense of presence, induced by the immersiveness of
mediated experiences, provides useful guidance in understanding the underlying mechanism of the efficacy
of 360‐degree videos in immersive storytelling.

To describe the feeling of “being there” in a mediated environment, the concept of presence has been
developed (Sundar, 2008). Presence is a construct that has garnered significant attention from researchers
aiming to elucidate the cognitive mechanisms underlying the use of immersive media (e.g., Lee, 2004). In the
context of using 360‐degree videos for immersive storytelling, the definition provided by Wirth et al. (2007)
offers an intuitive understanding of the perceptual mechanisms underlying the sense of presence,
specifically as a sense of being situated in the midst of the mediated environment.

As explained earlier, immersion, which refers to the extent to which the user experiences the mediated
environment as vivid and interactive (Steuer, 1992), plays a crucial role in determining the sense of (spatial)
presence (Wirth et al., 2007). For instance, if a mediated experience is perceived as realistic, with high
sensory depth (e.g., a large field of view and high screen resolution), and provides immediate and natural
feedback to the user’s actions (e.g., an immediate change in perspective when looking in another direction),
users are likely to evaluate the mediated environment as immersive (Biocca, 1997; Steuer, 1992). When the
mediated experience is immersive, users are likely to feel as if they are in the midst of the environment, as
demonstrated by previous studies (Amrhein & Balaban, 2024; Breves & Heber, 2020). Consistent with this
notion, numerous studies examining the role of 360‐degree videos in enhancing (spatial) presence have
consistently shown that the vivid and interactive nature of 360‐degree videos can induce a greater sense of
presence compared to 2D video content (e.g., Fraustino et al., 2018; Oh et al., 2020). However, only a
limited number of studies have tested the efficacy of using VR HMDs for viewing 360‐degree videos
compared to using 2D computer screens with interactive features in the context of environmental
communication (e.g., Amrhein & Balaban, 2024). To assess the efficacy of using VR HMDs for viewing
360‐degree videos compared to 2D computer screens with interactive features (i.e., perspective switching
via keyboard and mouse dragging), we first propose the following hypothesis:

H1: Three‐hundred‐and‐sixty‐degree videos visualized through VR HMDs will induce a greater sense
of presence than 2D video content.

2.4. The Four‐Step Model of Persuasion by Spatial Presence

Although presence has often been employed to guide previous studies, it remains unclear how presence may
influence behavioral intentions in the context of immersive storytelling. This ambiguity arises from the fact
that various studies often utilize different theories and constructs to predict engagement with
environmental issues or behavioral intentions. Consequently, this diversity has led to mixed explanations
regarding the interpretation of the role of presence induced by the use of 360‐degree videos in engaging
with environmental issues (e.g., Oh, Jin, et al., 2021).
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Specifically, in the study by Oh, Jin, et al. (2021), presence was rather found to have a negative impact on
engagement with environmental issues, despite the general understanding that presence increases
engagement. This unexpected result suggests a need for further investigation and reveals a potential gap in
our current understanding of how presence operates in the context of immersive storytelling, particularly
concerning environmental issues. Employing a solid framework that integrates the role of presence and
various findings in the domain of immersive storytelling would enable researchers to systematically examine
the role of presence induced by the use of 360‐degree videos in engaging with environmental issues.

Notably, recent studies (e.g., Breves, 2021) have suggested that feeling transported into a VR environment
(i.e., presence) could positively bias message evaluation and the way people process information by
activating heuristics connected to immersive experiences (i.e., the bias hypothesis of the
heuristic‐systematic model; Chaiken & Maheswaran, 1994). This implies that exploring how presence
influences information processing in immersive storytelling contexts could provide valuable insights into the
mechanisms driving behavioral intentions.

The four‐step model of persuasion by spatial presence developed by Breves (2023) further details how
360‐degree videos, when combined with a VR HMD for storytelling environmental issues, could influence
the behavioral intentions of users. The model proposes that a sense of presence induced by the immersive
affordance of technology positively biases the persuasive effects of immersive technologies by influencing
the heuristic evaluation of messages and the valence (and the consistency) of processed information (i.e., as
in the bias hypothesis of the heuristic‐systematic model; Chaiken & Maheswaran, 1994). This theoretical
framework offers a structured approach to understanding the persuasive mechanisms behind the use of
immersive technologies, thereby explaining their potential impact on behavioral intentions.

The heuristic‐systematic model (Chaiken, 1980) suggests that users may often rely on cognitive shortcuts,
passively consuming messages without thorough cognitive processing. This model posits two modes of
information processing, heuristic and systematic, which can dynamically interact and influence each other.
The bias hypothesis of the heuristic‐systematic model (Chaiken & Maheswaran, 1994) illustrates how these
modes can affect each other, suggesting that initial evaluations of persuasive content are guided by certain
heuristics, potentially shaping subsequent systematic processing. For example, viewers’ perception of the
credibility of a 360‐degree video may impact their processing of its message.

Building on the propositions of the bias hypothesis of the heuristic‐systematic model (Chaiken &
Maheswaran, 1994), Breves (2023) further suggests that the sense of presence induced by immersive
technologies may activate a positive heuristic. This positive heuristic, such as “if something looks real, it
must be good” (Sundar, 2008), could lead users to appreciate the mediated experience and form positive
evaluations of the message conveyed, including perceptions of credibility and enjoyment. Supporting this
notion, Bracken (2005) demonstrated that the sense of spatial presence can serve as a heuristic for assessing
the credibility of the message source. Additionally, Breves (2021) provided direct evidence that the sense of
spatial presence can positively influence the evaluation of message source credibility. Although a different
outcome variable was tested, a recent study by Behm‐Morawitz and Shin (2024) also found that presence is
associated with positive perceptions of pro‐environmental video content.

However, the study by Greussing (2020), which compared the effects of 360‐degree photography with
video, still photos, and plain text, found a detrimental effect of adding the 360‐degree feature on message
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credibility. We suspect that this contradictory result stems from the implementation of 360‐degree
technology in photography, which may have afforded an unnatural interaction with the stimuli, leading to a
diminished sense of presence. Since photography is inherently static, adding a dynamic and interactive
feature to it may have backfired, negatively impacting the perceived credibility of the message source. Thus,
we argue that the alignment between the affordances of video and 360‐degree technology (i.e., both
dynamic) will yield different outcomes, as predicted by the theoretical propositions of Breves (2023) and the
relevant findings (Behm‐Morawitz & Shin, 2024; Bracken, 2005; Breves, 2021). Specifically, we posit that:

H2: The sense of presence will be positively associated with the evaluation of message credibility.

According to the four‐step model of persuasion, the subsequent valence of cognitive processing is expected
to be positively biased, aligning with the immersive experience when there is a positive evaluation of
message credibility influenced by the sense of presence. In this model, cognitive elaboration of message
content goes beyond the quantity of thoughts generated, encompassing their valence—specifically, whether
the thoughts are consistent (positive) or inconsistent (negative) with the message delivered by the immersive
media content. Given the likelihood of viewers positively evaluating the credibility of environmental issue
content conveyed through 360‐degree videos due to their immersive nature, this study suggests that the
positive heuristic evaluation may lead to a predominance of message‐relevant thoughts consistent with the
message conveyed within the 360‐degree video, thus supporting the bias hypothesis.

Albeit limited, a few studies provide empirical evidence that positive evaluations of media experiences can
lead to the generation of fewer negative message‐relevant thoughts (Breves, 2021; C. Ma et al., 2020). This
suggests that an increase in message credibility may encourage people to generate thoughts that are more
aligned with the central messages. Based on these theoretical considerations and relevant findings, the
following hypothesis is proposed:

H3: The evaluation of message credibility will be positively associated with the valence (consistency)
of message‐relevant thoughts generated via cognitive elaboration.

Finally, the four‐step model of persuasion proposes that the valence (i.e., consistency) of cognitive
elaboration, positively biased by heuristic evaluation of messages, can influence persuasion (e.g., behavioral
intention) in the same direction as the experienced bias. However, despite this theoretical framework,
previous studies have often failed to find a significant effect of immersive technologies on behavioral
intention (e.g., Plechatá et al., 2022). We suspect that the reason for these insignificant findings may lie in
the curvilinear nature of the relationship between cognitive processing of information and behavioral
intentions. In other words, there could be a threshold for the valence (consistency) of cognitive elaboration
above which people may start forming intentions to engage in pro‐environmental behaviors. Nonetheless,
the study of Hovick et al. (2011) suggests that information processing may positively influence behavioral
intentions. In addition, Behm‐Morawitz and Shin (2024) found the indirect effects of VR immersive video on
behavioral intentions in the context of pro‐environmental video content. Integrating these findings, the
current study posits that the valence (consistency) of cognitive elaboration may have a positive, yet
curvilinear, relationship with the behavioral intention to engage in pro‐environmental behaviors:

H4: The valence (consistency) of message‐relevant thoughts generated via cognitive elaboration will
have a positive, yet curvilinear, relationship with behavioral intention to engage in pro‐environmental

Media and Communication • 2024 • Volume 12 • Article 8602 7

https://www.cogitatiopress.com


behaviors, with behavioral intention expected to start increasingwhen the valence ofmessage‐relevant
thoughts becomes positive.

3. Methods

3.1. Experimental Design

A laboratory experiment with a two‐factor (mode of presentation: monoscopic 2D vs. stereoscopic VR)
between‐subjects design was conducted, having presence as an independent variable, message credibility
and cognitive elaboration as serial mediators, and intention to engage in pro‐environmental behaviors as a
dependent variable. Figure 1 presents a holistic view of the proposed research model.

Presence
H1 H2 H3 H4Visualiza on Mode

(2D vs. sterroscopic VR)
Message Credibility Cogni ve Elabora on Behaviour Inten on

Need for Cogni on

Disposi on to Trust

Familiarity with VR

Figure 1. Proposed research model.

3.2. Participants

A total of 60 participants were recruited through a research participant recruitment system and personal
invitations at a public university inWestern Europe. Due to the limitations of existing power analysis methods
in estimating the sample size for a mediation model with more than two serial mediators, the sample size
was determined based on the research design employed by Breves and Heber (2020). Using a two‐condition
between‐subjects design experiment (360‐degree video vs. monoscopic 2D) with a sample size of 56, Breves
and Heber (2019) found a large effect size regarding the effects of the mode of presentation (360‐degree
video vs. monoscopic 2D) on spatial presence (𝜂2 = .51) and commitment to the environment (𝜂2 = .16).
The descriptive statistics provided for the dependent variables used in the study were employed to estimate
the sample size. Results from an a priori power analysis using G*Power version 3.1.9.7 (Faul et al., 2007)
indicated that the required sample size for our study could range from a minimum of 12 to a maximum of 46,
with the power and alpha error probability set at 80% and .05, respectively.

The average age of participants was 28.85 years old (𝑆𝐷 = 12.72), ranging from 18 to 60. Among the
participants, 51.67% (𝑛 = 31) were female, and 48.33% (𝑛 = 29) were male. To mitigate potential gender
effects, participants were evenly distributed across conditions. Specifically, 15 females and 15 males
were assigned to the stereoscopic VR condition, while 16 females and 14 males were assigned to the
2D condition.

3.3. Stimuli

A video that depicted the impact of climate change on the island of Palau, titledCoral Compass: Fighting Climate
Change in Palau (Virtual Human Interaction Lab, 2019), was used as an experimental stimulus for this study.
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The video provided both 2D and stereoscopic VR (360‐degree) experiences. While the 2D condition allowed
users to adjust the viewpoint with the keyboard and mouse, the VR condition enabled the viewers’ head
movements with an HMD to experience the content. The HTC Vive was used in the VR condition.

The experience began with an introduction to the coral reefs of Palau, followed by a depiction of the coral
reefs that had been damaged by the tourism industry. It then transitioned to Palauan senators and marine
ecologists discussing restoration efforts and the use of taro farms as a solution to prevent sediment from
harming the reefs. The strategic placement of taro farms was initiated in order to prevent sediments from
reaching the oceans, as sediments can be disseminated by rainfall and have proven to be harmful to the coral
reefs. As a result, taro farms are shown to effectively block up to 90% of these sediments, playing a crucial
role in coral protection. The experience concluded with the presentation of a successfully restored coral reef,
illustrating that the role of humanity is critical for the recovery and conservation of nature. The example
scenes of the stimuli are presented in an OSF folder (https://osf.io/2yzrk/?view_only=aa6ef8cd78d84d
75a1851246526d4f9c).

3.4. Measures

Presence was measured using five 5‐point Likert scale items adapted from Makransky et al. (2017).
Participants were asked how much they perceived the sense of presence while experiencing the experiment
stimuli (e.g., “The environment seemed real to me”).

Message credibility was evaluated using four 5‐point Likert scale items adopted from Oh, Khoo, et al. (2021).
Participants were asked to indicate how they perceived the message of the campaign (e.g., “I believe the
content was believable,” “I believe the content was informative”).

Cognitive elaboration (the valence of message‐relevant thoughts) was assessed using a three‐minute
thought‐listing technique (Cacioppo & Petty, 1981). After exposure to the experimental stimuli, participants
listed their thoughts about the pro‐environmental content they recalled for three minutes. Once the listing
process was complete, two coders independently assessed whether the listed thoughts were relevant or
irrelevant to the content’s message. Only thoughts directly relevant to the message were counted as
message‐relevant, while those related to peripheral aspects, such as technical and aesthetic details,
were excluded.

Next, the number of message‐relevant thoughts (i.e., cognitive elaboration) was tallied and coded based on
thought valence: positive or negative. Following Step 3 of the four‐step model of persuasion (Breves, 2023),
thoughts consistent with the central messages of the content were coded as positive, while thoughts
inconsistent with the central messages were coded as negative. For example, thoughts that supported the
content’s message about climate change and encouraged pro‐environmental behaviors were coded as
positive elaborations. Conversely, thoughts that contradicted the message, such as questioning the
effectiveness of the campaign, were coded as negative elaborations.

Two independent coders used a coding scheme that included a brief description of valence and examples
from the first 20 coded sentences. The inter‐coder reliability, measured using Krippendorff’s alpha
(Krippendorff, 2018), was high, exceeding .80 for both positive and negative message‐relevant thoughts
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(positive elaboration: 𝛼 = .925; negative elaboration: 𝛼 = .997), indicating strong agreement between coders.
To determine the amount and valence of cognitive elaboration, the number of negative (inconsistent)
message‐relevant thoughts was subtracted from the number of positive (consistent) message‐relevant
thoughts and then divided by the total number of message‐relevant thoughts, following the method outlined
by Breves (2021). This calculation yielded a valence score ranging from −1 to 1, where positive and negative
values indicated the valence of message‐relevant thoughts generated after experiencing either the
360‐degree video or monoscopic 2D video. Examples of participants’ cognitive elaboration and the
corresponding coding results are presented in Table 1.

Intentions to engage in pro‐environmental behaviors weremeasured by five 5‐point Likert scale items adapted
from Oh et al. (2020). Participants were asked to rate their intentions to engage in specific pro‐environmental
behaviors, including efforts to reduce environmentally harmful actions (e.g., “I will become active in supporting
the government to pass stricter laws to stop climate change”).

Additionally, this studymeasured three covariates. First, familiarity with VRwasmeasuredwith a 5‐point scale
item (“How familiar are you with VR?”), ranging from not familiar at all (1) to extremely familiar (5; 𝑀 = 2.30,

Table 1. Examples of participants’ cognitive elaboration and corresponding coding results.

Cognitive elaboration The number of message‐relevant thoughts

Positive
(consistent)

Negative
(inconsistent)

There is a significant change in the environment. 1 0

It is a serious problem, and most people are unfamiliar with it and
its causes. It’s good to bring attention to it, but for me, this video
wasn’t particularly motivating. Additionally, the VR function using
a mouse didn’t play an additive role.

1 1

It is nice that you can see the ocean from left to right. My mind
didn’t stay on the voice because I got distracted.

0 0

I felt a bit like I was in the real world, and I was worried about
what will happen to the world due to climate change.

1 0

It seemed to me that we, as people, are ruining the planet, and
most of the time we don’t even notice. I also went snorkeling at
one point, and watching this video made me feel a bit guilty
about that because it felt like I also contributed to damaging
reefs and corals. It made me realize that we have a really
beautiful planet, and we should take better care of it.

3 0

The ocean is a beautiful place that should be preserved, and it is a
shame that it is currently not treated that way.

1 0

I had the same feelings as if I were watching a regular video.
Since I was still looking at a flat screen, the VR effect didn’t add
much for me. I didn’t feel immersed in an “alternate reality.” While
the video itself looked nice, the issues described felt distant and
didn’t emotionally engage me or motivate me to take any
specific action.

0 1

Notes: The grammatical errors in the raw answers were corrected to enhance readability; the complete data regarding the
coded answers are available at https://osf.io/2yzrk/?view_only=aa6ef8cd78d84d75a1851246526d4f9c.
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𝑆𝐷 = 1.03). This item was measured to control for the potential novelty effects that could confound the pure
impact of the VR experience (Fussell et al., 2019).

Disposition to trust was measured by eight 7‐point Likert scale items adopted from McKnight et al. (2002).
Given that participants’ pre‐existing tendency to trust could influence their receptivity to the messages in
the experimental stimuli (Gefen et al., 2003), disposition to trust was included as a covariate in the research
model. Participants were asked to assess their propensity to trust others (e.g., “In general, most folks keep
their promises”).

Need for cognition was measured and controlled using ten 7‐point Likert scale items adapted from Pacini
and Epstein (1999). In our research model, need for cognition was included as a control variable to account
for individual differences in cognitive information processing (Cacioppo & Petty, 1982) and its impact on
persuasion (Petty & Cacioppo, 1986). Participants were asked to evaluate how much they are usually
inclined to engage in effortful cognitive activities (e.g., “I try to avoid situations that require thinking in depth
about something”).

3.5. Procedure

Upon completing the informed consent process, participantswere invited to a university laboratory inWestern
Europe and randomly assigned to either the 2D or stereoscopic VR experimental condition. In each session,
only one participant at a time experienced the stimuli through either a 360‐degree video or a monoscopic 2D
video, depending on their assigned condition. After exposure to the stimuli, participants were instructed to
complete a questionnaire about their experience, which included questions on latent variables (e.g., presence,
message credibility), covariates, and demographic information. Upon finishing the survey, participants received
0.5 course credits in accordance with the university’s internal guidelines. The duration of each experiment was
approximately 30 minutes.

3.6. Data Analyses

Given the exploratory nature of the proposed hypotheses, this study employed PLS‐SEM. PLS‐SEM was
chosen for its suitability in handling complex structural models with relatively small sample sizes
(Goodhue et al., 2012). Additionally, previous studies have recommended PLS‐SEM as an alternative to
covariance‐based structural equation modeling when addressing concerns about sample size adequacy
(Hair et al., 2014, 2017). Furthermore, PLS‐SEM was used to examine the curvilinear relationships among
variables. WarpPLS 8.0 (Kock, 2022) was used as the analytical software for the analysis.

4. Results

4.1. Measurement Validity

Prior to the hypotheses testing, the validity of the measurement model was tested. The raw data were
standardized before testing the measurement and structural models. Based on the guidelines of Kock (2022),
this study examined whether (a) item loadings were equal to or greater than .50 and (b) the 𝑝 values of item
loadings were below .001. As a result, five items were removed due to having item loading below .50.
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To confirm convergent validity, the average extracted variance was evaluated to ensure it exceeded .50.
To ensure the discriminant validity, the Heterotrait–Monotrait ratio was assessed, with the requirement that
it be below .90. Next, internal reliability of the measurement items was ensured by testing both composite
reliability and that Cronbach’s 𝛼 exceeds .70 (Hair et al., 2014). Table 2 presents the results of the
measurement validity, including item loading, average extracted variance, and internal reliabilities. Table 3
shows the Heterotrait–Monotrait ratio.

Table 2. Item loading, average extracted variance, and internal reliabilities of constructs.

Construct Item Loading Average extracted
variance

Composite
reliability

Cronbach's 𝛼

Presence P1 .730*** .742 .856 .786
P2 .759***
P3 .515***
P4 .890***
P5 .764***

Message credibility MC1 .842*** .825 .865 .766
MC3 .826***
MC4 .808***

Behavior intention BI1 .633*** .687 .816 .718
BI2 .771***
BI3 .643***
BI4 .741***
BI5 .636***

Disposition to trust DT1 .704*** .682 .874 .835
DT2 .668***
DT3 .676***
DT4 .725***
DT5 .644***
DT6 .710***
DT7 .612***
DT8 .706***

Need for cognition NFC1 .747*** .699 .850 .787
NFC2 .789***
NFC3 .744***
NFC5 .612***
NFC9 .646***
NFC10 .636***

Notes: P = presence; MC = message credibility; BI = behavior intention; DT = disposition to trust; NFC = need for
cognition; *** 𝑝 < .001.

Table 3. Heterotrait–Monotrait ratio.

Construct Presence Message
credibility

Behavior
intention

Disposition to
trust

Need for
cognition

Presence
Message credibility .388
Behavior intention .366 .282
Disposition to trust .389 .171 .349
Need for cognition .273 .320 .334 .303
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4.2. Hypotheses Testing

H1 posited that 360‐degree video visualized through a VR HMDmay induce a greater sense of presence than
2D video content. Results of PLS‐SEM estimated a linear relationship between the variables and showed that
the 360‐degree video through a VR HMD (𝑀 = 3.79, 𝑆𝐷 = .52) induced a higher sense of presence than 2D
video (𝑀 = 3.03, 𝑆𝐷 = .79), 𝛽 = −.46, 𝑝 < .01. Familiarity with VR, as a covariate, did not have a significant
effect on the sense of presence (𝛽 = −.16, 𝑝 = .09). In total, the mode of presentation, together with the
covariate, explained 27% of the variance in the sense of presence (𝑅2 = .27). Therefore, H1 was supported.

H2 predicted that the sense of presence would be positively associated with the evaluation of message
credibility. PLS‐SEM estimated a non‐linear relationship between the variables as the best solution (see
Figure 2), indicating that the sense of presence is positively, yet curvilinearly, associated with the evaluation
of message credibility (𝛽 = .37, 𝑝 < .001). Disposition to trust did not have a significant impact on the
evaluation of message credibility (𝛽 = .05, 𝑝 = .35). The sense of presence, together with disposition to trust,
explained 14% of the variance in the evaluation of message credibility (𝑅2 = .14). To confirm whether the
curvilinear relationship was artificially influenced by outliers, we assessed whether the message credibility
values around the low scores of presence in the scatter plot (Figure 3) were outliers in the 2D condition.
According to the box plot analysis, none of these values were found to be outliers in the 2D condition,
suggesting that the results are less likely to be affected by outliers. Therefore, H2 was supported.

H3 predicted that the evaluation of message credibility would be positively associated with the valence of
thoughts generated via cognitive elaboration. Again, PLS‐SEM estimated a non‐linear relationship between
the variables as the best solution (see Figure 4), demonstrating that the evaluation of message credibility
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Figure 2. Curvilinear association between presence and message credibility.
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Figure 3. Scatter plot: Unstandardized relationship between raw scores of presence and message credibility.
Note: The curvilinear line represents the cubic relationship estimated between presence and message
credibility.
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is positively, yet curvilinearly, associated with cognitive elaboration (𝛽 = .36, 𝑝 = .001). Notably, need for
cognition as a covariate had a positive significant effect on cognitive elaboration (𝛽 = .27, 𝑝 = .01). Together
with need for cognition, the evaluation of message credibility explained 16% of the variance in the cognitive
elaboration (𝑅2 = .16). In sum, H3 was supported.

H4 predicted that the valence of thoughts generated via cognitive elaboration would have a positive yet
curvilinear relationship with behavioral intention to engage with pro‐environmental behaviors. As predicted,
PLS‐SEM estimated a non‐linear relationship between the variables as the best solution (see Figure 5),
demonstrating that the valence of thoughts generated via cognitive elaboration had a significant curvilinear
relationship with behavioral intention to engage in pro‐environmental behaviors (𝛽 = .25, 𝑝 = .02). However,
the pattern of the curvilinear relationship was different from our prediction. Therefore, H4 was not
supported. The cognitive elaboration explained 6% of the variance in the intention to engage in
pro‐environmental behavior (𝑅2 = .06). Figure 6 shows the results of the non‐linear model estimated
by PLS‐SEM.
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Figure 6. Results of non‐linear PLS‐SEMmodel. Notes: * 𝑝 < .05; ** 𝑝 < .01; *** 𝑝 < .001; n.s. = not significant.

4.3. Model Fit

For evaluating the fit and quality of the proposed model, we primarily tested the following: (a) the average
path coefficient, (b) the average R‐squared, (c) the values of the average variance inflation factor, and (d) the
average full collinearity variance inflation factor. These are suggested as classic model fit and quality indices
to be tested in PLS‐SEM (Kock, 2022). The results of the PLS‐SEM indicated that the proposed non‐linear
model had a better fit compared to the linear model. Details regarding the criteria for evaluating model fit and
quality indices, as well as additional indices, are provided in Table 4.

Table 4.Model fit and quality indices.

Criteria Linear model Non‐linear model

Average path coefficient 𝑝 < .05 .198 (𝑝 = .026) .274 (𝑝 = .006)
Average R‐squared 𝑝 < .05 .103 (𝑝 = .103) .157 (𝑝 = .051)
Average variance inflation factor ≥3.3 1.071 1.055
Average full collinearity variance inflation
factor

≥3.3 1.274 1.274

Tenenhaus goodness of fit medium ≥.25; large ≥.36 .270 .334
Simpson’s paradox ratio ≥.70 .857 1
R‐squared contribution ratio ≥.90 .994 1
Statistical suppression ratio ≥.70 .714 .857
Nonlinear bivariate causality direction ratio ≥.70 .786 .786

5. Discussion

5.1. Discussion of Findings

Overall, our study suggests the complex nature of understanding the persuasion processes underlying the
use of immersive media. Although the results of PLS‐SEM demonstrated that most of the hypotheses were
supported, the goodness of model fit was highest when a non‐linear relationship between presence,
message credibility, cognitive elaboration, and behavioral intentions was estimated. These findings
underscore the importance of considering the cognitive dynamics underlying persuasion processes and the
use of immersive technologies.

In support of our prediction, the results of our study confirmed that 360‐degree videos visualized through a VR
HMD indeed induce a greater sense of presence than traditional 2D videos. This finding adds to the validity of
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previous studies, which have also found a superior capability of 360‐degree videos in inducing a greater sense
of (spatial) presence (Amrhein & Balaban, 2024; Breves & Heber, 2020; Fraustino et al., 2018; Oh et al., 2020).
Furthermore, this finding advances the existing conceptualization and knowledge on the role of 360‐degree
videos, as our study controlled for interactivity by allowing participants in the 2D video condition to also
interact with 2D content (i.e., switching perspective, zooming) via dragging and spanning using the mouse.
The findings of our study suggest that the immersiveness of 360‐degree videos viewed through a VR HMD,
determined by the combination of both vividness and interactivity (Steuer, 1992), significantly enhances users’
sense of presence.

Interestingly, a threshold effect was found in the relationship between presence and subsequent message
evaluations (i.e., credibility perceptions). Specifically, we observed that credibility evaluation increased
significantly only when the sense of presence surpassed a certain threshold (see Figure 2). This nonlinear
relationship highlights the nuanced interplay between immersive technologies and user responses,
challenging conventional linear models. This finding suggests that users may begin evaluating immersive
experiences positively and linearly only when the subjective rating of presence reaches a point close to the
midpoint of a 5‐point Likert scale (i.e., approximately 2.5). Based on this finding, we may speculate that
perceptual evaluation of media experiences, including immersive storytelling, may ensure positive
perceptions from users upon successfully eliciting at least a moderate sense of presence. In other words, our
findings suggest that a non‐careful integration of presence‐evoking technologies or design of immersive
content may lead to a boomerang effect, resulting in users rating their experience and messages rather
poorly upon the failure to induce at least a moderate sense of presence. Nonetheless, the overall linear trend
found between presence and message credibility is in line with previous findings drawn from the modality,
agency, interactivity, and navigability model (Sundar, 2008), as well as the relationship predicted in the
four‐step model of persuasion (Breves, 2023) adopted as a framework for this study. Our finding also
supports the idea that the detrimental effect of adding the 360‐degree feature to photography on message
credibility (Greussing, 2020) could have been caused by the unnatural mapping of a static image with a
dynamic and interactive feature. Although the relatively small sample used in our research raises some
concern regarding the influence of outliers on the curvilinear relationship between the sense of presence
and message credibility, the assessment of the scatter plot (Figure 3) and the results of the box plot analysis
mitigate this concern.

Contrary to linear assumptions, we found that the valence of cognitive elaboration (i.e., the consistency of
message‐relevant thoughts) shows a curvilinear relationship with credibility evaluation under specific
conditions, suggesting the sensitivity of human cognition to the message’s quality. The curvilinear
relationship between message credibility and cognitive elaboration suggests that as the consistency of
message‐relevant thoughts increases, there may be a slight congestion upon reaching an interval where
participants had rated the message as quite strongly credible, yet not to a full spectrum (see Figure 4).
Nonetheless, the overall picture of this finding aligns with the proposition of Breves (2023) and her previous
findings (Breves, 2021), demonstrating the sensitivity of valence and the amount of cognitive elaboration in
response to message evaluation, as proposed by the bias hypothesis of the heuristic‐systematic model
(Chaiken & Maheswaran, 1994).

The observed fluctuations in behavioral intentions further underscore the complexity and challenges in
predicting behavioral responses to persuasive messages. The curvilinear relationship between the valence
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(consistency) of cognitive elaboration and intention to engage in pro‐environmental behaviors, visualized in
Figure 5, demonstrates that the intention to engage in pro‐environmental behaviors starts to drop and then
only begins to increase again when the valence of message‐relevant thoughts almost reaches the positive
end of the cognitive elaboration continuum. While this finding may seem complicated to interpret, the
curvilinear pattern suggests that an increase in thoughts consistent with the persuasive message might
have led participants to remain defensive towards accepting the message (i.e., their intention to engage
in pro‐environmental behaviors) due to the relatively weak argument quality provided in the
persuasive content.

It is worth noting that the spherical content used for our experiment presented information indirectly
(e.g., depicting the efforts of scientists and politicians to protect Palau, showing the damaged coral reefs),
rather than conveying direct or strong messages in an attempt to persuade. Considering that argument
quality is suggested as an important factor in predicting the valence of cognitive elaboration and subsequent
behavioral intentions (Breves, 2023), this finding suggests that the weak argument quality might have led
people to hesitate from engaging in pro‐environmental behaviors even when their thoughts had increasingly
become consistent with the message. Nonetheless, the graph shows that when the valence of thoughts has
almost reached the end of the positive spectrum, behavioral intention begins to increase again as a result of
biased processing of information. This finding emphasizes the importance of taking into account the role of
message quality, as suggested by Breves (2023).

5.2. Implications

Our study suggests several theoretical and practical implications. First of all, by elucidating the threshold
effect of presence and the intricate dynamics of heuristic evaluation and information processing, the current
study offers valuable insights into the design and evaluation of immersive technologies. For example, our
study highlights a previously overlooked aspect in presence research: the non‐linear effects of presence.
While previous researchers have shown limited interest in the possible non‐linear effects of presence on
user perceptions, our study emphasizes their significance. This finding underscores the importance of
considering both linear and non‐linear effects of presence in the research and design of presence‐evoking
technologies and content. By recognizing and understanding the threshold effect of presence, designers can
develop more effective strategies for creating immersive experiences that elicit positive evaluations from
users. This implication emphasizes the need for a nuanced approach to designing immersive technologies,
taking into account the complex interplay between presence and user experience. Moreover, our study
also provides insights into understanding the relatively overlooked curvilinear relationship between
cognitive elaboration and behavioral intention within the realm of social scientific research. This finding
presents an opportunity for future researchers to explore the nuanced relationship between cognitive and
behavioral constructs.

Another implication pertains to the fact that our study validated the robustness of the four‐step model of
persuasion by spatial presence (Breves, 2023). Our findings suggest that the novel framework could serve as
an overarching guide applicable across various domains, from education to environmental communication
and beyond. The findings of our study, based on the framework, offer meaningful guidance on leveraging
immersive technologies for storytelling. Specifically, our study suggests that a proper use of immersive
technologies such as 360‐degree videos may prompt audiences to positively think along with the message
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due to the activation of positive heuristics related to the sense of presence. By providing a roadmap for
leveraging immersive storytelling for effective communication strategies, our research offers practical
insights for practitioners across various domains.

5.3. Limitations and Future Directions

Despite the significant contributions of our study, it is essential to acknowledge its limitations. One such
limitation concerns the lack of control for issue involvement and prior attitudes towards climate change.
Previous studies employing the heuristic‐systematic model (e.g., Breves, 2021) have demonstrated that issue
involvement, or the personal importance of an issue, could potentially influence user evaluations of
immersive content and subsequent information processing. Similarly, participants’ prior attitudes towards
climate change may influence their reactions and evaluations. Although none of the participants in our
experiment indicated prior knowledge of the climate change issue in Palau, which mitigates concerns related
to not measuring issue involvement and prior attitudes to some extent, future researchers would benefit
from measuring and controlling such variables to ascertain the validity of our findings.

Additionally, it is important to acknowledge that the subjective nature of the thought‐listing technique
(Cacioppo & Petty, 1981) used in our study should not be considered free from potential biases or
inconsistencies in data coding, although the significant inter‐coder reliability calculated in our study resolves
these concerns to some extent. Notably, while the current study adopted the original methods of coding the
mode of information processing suggested by Cacioppo and Petty (1981), Breves (2021) suggested a
relatively new approach called “subjective rating” to address issues related to low inter‐coder reliability and
mis‐coding of information (i.e., having participants rate and count the number of their thoughts). Future
researchers may consider adopting the subjective rating method to confirm if the findings of our study
remain the same and also to address inter‐coder reliability issues. Additionally, albeit costly, future
researchers may also consider employing psychophysiological measures to add objective evidence and
ensure the validity and generalizability of our findings.

Moving forward, we suggest that future researchers explore additional factors that may moderate the
effects observed in our study. One avenue for future investigation involves comparing the effects of
immersive storytelling through 360‐degree videos with that through VR content. Acknowledging that VR
content allows for a greater amount of interactivity within the virtual environment, thus offering a greater
possibility to engage with the content (as in Cho & Park, 2023; Pimentel & Kalyanaraman, 2023), future
researchers may consider examining if conveying the same messages via VR content will induce a more
positive impact on user perceptions and persuasion than that via 360‐degree video contents. Through this
investigation, we would be able to better understand if the efficacy of employing 360‐degree videos for
storytelling would be comparable to that of VR content and indeed be regarded as an effective alternative to
VR content, which is considered less affordable and accessible than 360‐degree video content.

Nonetheless, recent studies (e.g., Ahn et al., 2022) often demonstrate that VR content may induce a
negative impact on user cognition and information processing. The cognitive theory of multimedia learning
(Mayer & Moreno, 2003) suggests that the novel stimuli signaled within the virtual environment can lead
users to allocate cognitive resources in processing surrounding information using multisensory systems,
thereby depleting the available cognitive resources to process central messages. Such findings imply the
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possibility that the virtual nature of VR content may result in an inferior effect on persuasion compared to
360‐degree video content. Future researchers may conduct a comparative study to ascertain if immersive
storytelling via 360‐degree video content could indeed be an effective alternative to VR content by reducing
the cognitive load imposed by virtual elements in VR content. Building on this notion, future researchers
may further explore whether the combination of 360‐degree and VR content (i.e., similar to mixed‐reality
content) may overcome the negative aspects of using VR content for storytelling.

Lastly, although our study’s sample size was justified based on a power analysis, we recommend that future
researchers use a larger sample size to verify whether the curvilinear relationship among the variables in our
study holds true. It is noteworthy, however, that our findings align well with those of recent studies that
employed either larger (e.g., Amrhein & Balaban, 2024; Meijers et al., 2023) or similar sample sizes (e.g.,
Behm‐Morawitz & Shin, 2024; Breves & Heber, 2020) to compare the effects of 360‐degree videos or VR
content with 2D videos or traditional media (e.g., text‐based articles). This suggests that recent immersive
media are robust compared to traditional media in inducing positive user perceptions. Given this implication,
we encourage future researchers to explore potential moderators that could amplify or diminish the impact
of immersive technologies on user perceptions and behaviors. Such exploration could provide deeper
insights into how we might better leverage immersive media technologies for storytelling.
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