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Spherical video-based virtual reality (SVVR) creates immersive and
interactive user environments using 360-degree video. Although some
studies systematically review SVVR in education, few studies pay attention
to the interactive use of SVVR for learning support. Thirty-eight articles
published in the recent five years (2019-2023) were identified for this review.
This study focuses on Human-Computer Interaction (HCI) including Object
Manipulation, Test Scaffold, and Voice Scaffold within SVVR environments.
The HCI aspects are summarized to emphasize the significance of
interactive use in SVVR-based learning and encourage the exploration of
novel interaction types for an enhanced SVVR experience.

Introduction
Spherical video-based virtual reality (SVVR), a subset of immersive VR (Jong, 2022), is also known as spherical video,
panoramic video, 360-degree video (360°video), or omnidirectional video in the literature (Li et al., 2023). 360-degree video
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technology is a method of capturing the real environment with special cameras that can record the entire surrounding scene
either from a static position or from a dynamic movement (Ranieri et al., 2022; Rosendahl & Wagner, 2024). SVVR can be
conveniently utilized with a mobile phone and inexpensive cardboard goggles (Jong, 2022). In other words, SVVR has the
advantages of being cheap and user-friendly. It is suitable for teachers who may not be "tech-savvy" but want to offer
immersive learning experiences with technological support for their students during teaching (Chien et al., 2020; Jong et al.,
2020). SVVR finds extensive application in education in recent years (Wu et al., 2023). To date, SVVR is used for delivering
content and factual knowledge through direct instruction, and its instructional use has been designed with limited interaction
as providing scaffolding and assessment within the video were lacking (Li et al., 2023).

Interactivity is a crucial aspect of VR experiences (Roussou et al., 2006). It involves the ability to freely navigate a virtual
environment, experience the “reality” firsthand from various perspectives, make modifications, control parameters, and
respond to cues, feedback, and affordances within the environment. According to Nelson and Erlandson (2012), the design of
educational virtual worlds should prioritize the facilitation of learner intentionality. Merely creating a virtual world and placing
students within it without a clear learning objective is insufficient. Each virtual world should be meticulously crafted to
integrate curricula, tasks, and interactions that enable learners to actively and consciously pursue clearly defined goals.
Essentially, this involves aligning the virtual world and its embedded activities with the desired learning outcomes, thereby
necessitating learners to make thoughtful and deliberate choices as they engage with the educational content. To foster
authenticity, virtual reality must be responsive to user actions (Sherman & Craig, 2018). Sharp et al. (2023) provide a detailed
description of the five types of interaction, noting that they are not mutually exclusive. Specifically, the first type is instructing,
where users issue instructions to the system through various means. The second type is conversing, where users engage in a
dialogue with the system. The third type is manipulating, where users interact with objects in virtual or physical spaces by
performing actions like opening, holding, closing, or placing them. This allows users to apply their existing knowledge of
interacting with objects. The fourth type is exploring, where users navigate through virtual environments or physical spaces.
Virtual environments include 3D worlds, augmented reality, and virtual reality systems, while sensor-based technologies enable
navigation in physical spaces like smart rooms and ambient environments. This type of interaction allows users to utilize their
familiarity with the environment. The fifth type is responding, in which the system initiates the interaction and the user decides
whether to respond.

Literature Review
The number of reviews pertaining to the application of SVVR in education has been steadily increasing in recent years, with
Snelson & Hsu (2020) being the earliest (Schroeder et al., 2023). These reviews exhibit a certain degree of overlap in research
objectives, primarily focusing on exploring the scope and characteristics of research related to 360°video (Snelson & Hsu,
2020), examining its applications in general or specific educational contexts (Li et al., 2023; Rosendahl & Wagner, 2024), and
analyzing the effects of educational SVVR (Ranieri et al., 2022; Schroeder et al., 2023). Upon further analysis of these reviews,
it is evident that these reviews highlighted the significance of interactivity in SVVR-based educational learning systems but did
not provide any substantial descriptions of how interactivity was achieved. Meanwhile, the interactive features of SVVR, which
are primarily limited to changing observational directions and angles through users' head movements, present constraints that
hinder its effectiveness in facilitating teaching strategies or supporting learning exercises. As Jong (2023) claims, future
research is needed to explore the feasibility of integrating effective learning scaffolds and enhanced interactivity in SVVR for a
constructivist-oriented educational shift.

Method
This scoping review adhered to the PRISMA-ScR guidelines (Tricco et al., 2018) and the methodological framework for scoping
reviews proposed by Arksey & O'Malley (2005) to interpret the evidence. Peer-reviewed journal papers were included if they
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were: published between 2019 to 2023, written in English, clearly mentioned the ways that SVVR is used in learning content,
and related to the education field. Searches used two electronic databases: Scopus and Web of Science. Thirty-eight articles
were identified for this review. Search terms included SVVR terms ‘spherical video based virtual reality’, ‘svvr’, ‘360-degree
video’, ‘360° video’, and ‘panoramic video’ with “OR” (Boolean relationship), and Education terms ‘education’, ‘learning’, ‘school’,
‘primary school’, ‘elementary school’, ‘secondary school’, ‘middle school’, ‘high school’, ‘higher education’ and ‘professional
training’ with “OR” to ensure that the studies met the inclusion criteria captured.

Discussion and Conclusion
While Sharp et al. (2023)'s summary covers general forms of interaction, it does not account for the specific patterns of HCI
usage in the context of current SVVR learning, nor does it consider the intended effects associated with interaction design.
Consequently, this paper integrates the findings from the reviewed literature to provide more concrete summary and definition
of the three primary categories of HCI usage within SVVR learning (see Table 1).

Table 1

Types of HCI interaction usage in the SVVR learning

Interactive design in
the SVVR system

Definition Achieve effect

Instructing +
Manipulating +
Exploring
(Object Manipulation)

Users interact with the prompts (objects or
icons) in the SVVR environment

To trigger the corresponding text or image
form, or to achieve scene conversion and audio
playback

Instructing +
Responding
(Test Scaffold)

Users interact with questions showing on the
screen (choice questions, matching, or fill-in-
the-blank)

To enhance knowledge acquisition and recall,
or to achieve scene conversion

Instructing +
Conversing
(Voice Scaffold)

Users interact with the voice scaffold showing
on the screen

To listen to audio learning materials or record

Research on VR training has demonstrated the effectiveness of interactive activities, particularly in enhancing spatial
knowledge acquisition and recall (Arthur & Hancock, 2001). Similarly, Burdea and Coiffet (2003) summarized that the user's
sense of immersion and feeling like they are a part of the action on the screen is facilitated by interaction and its mesmerizing
power. Moreover, the presence experienced by users in VR has often been associated with the level of interaction and
feedback provided, highlighting the significance of user control over the virtual environment (Jelfs & Whitelock, 2000). In
conclusion, this study stands out from other reviews in the educational SVVR field by specifically examining HCI in the
educational SVVR use. Object Manipulation, Test Scaffold, and Voice Scaffold, are summarized to emphasize the significance
of interactive use in SVVR-based learning and promote the exploration of new interaction types to enhance the SVVR
experience. Theoretically, it responds to the gaps that future research should emphasize the importance of add-ons for optimal
SVVR learning experiences claimed by Evens et al. (2023). Practically, the findings enable a comprehensive understanding of
SVVR interactions and offer valuable references for front-line teachers designing SVVR materials and preparing SVVR-
supported classes.
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