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Abstract

As a teaching and learning medium, 360° videos offer new teaching-learning expe-
riences. Through the possibility of immersion, individual 360° panoramic images,
multi-perspective viewing options and interaction possibilities, they extend the
advantages of conventional video technology. To understand the potential of using
360° video technology for educational processes, a systematic literature review ana-
lyzed previous scientific articles (N=44) about the interdisciplinary use of 360° vid-
eos according to PRISMA guidelines. In the systematic literature selection, particu-
lar emphasis was placed on the conceptual distinction between virtual reality and
360° videos. By the authors, 360° videos are understood as a specific video format
that has characteristics of virtual reality but is to be distinguished from virtual reality
by the necessary real recording situation without programmed virtual environments.
The results show a use of 360° videos mainly for three teaching-learning purposes:
presentation and observation of teaching—learning content, immersive and interac-
tive theory—practice mediation, and external and self-reflection. Combined with
the added value of conventional video technology and other immersive technology
such as virtual reality, five added value categories for its use as a teaching—learn-
ing medium were identified: To increase learning motivation and interest, to learn
in authentic and realistic learning scenarios, for immersive and interactive learn-
ing experiences, for multi-perspective observation opportunities and for individual
learning. These consisted primarily of positive motivational effects for authentic or
immersive learning experiences.
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1 Introduction

New teaching and learning experiences become possible with 360° videos. While the
use of videos in teacher education is already well-established, the further development
of video technology allows immersive and interactive applications in education which
have a positive impact on motivation in learning processes (Kavanagh et al., 2017). In
the past, financial costs and time-consuming systems limited the implementation of high-
quality virtual reality and augmented reality applications in education. These barriers can
be overcome nowadays due to increasingly cost-effective technology providers (Jensen &
Konradsen, 2018) and new video technologies (Kavanagh et al., 2017). In particular, 360°
videos provide a low-cost opportunity for video-based teaching (Kavanagh et al., 2016;
Roche et al., 2021), which extends the advantages of traditional videos via immersion and
multi-perspective reflection. Immersive experiences can now be sustainably implemented
in the classroom using 360° videos in combination with desktop PCs, smartphones or
even smartphones with low-cost head-mounted-displays such as cardboard.

The confusion and lack of differentiation between the terms 360° videos and virtual
reality is addressed by Snelson and Hsu (2020) in their scoping review. Similarly, Roche
et al. (2021) argue for a clear conceptual separation, e.g., due to the design process of
both applications. They used a SWOT analysis to identify the strengths of 360° videos
in teacher education. Ranieri et al. (2022) conducted a scoping review to investigate the
uses and potentials of clearly defined 360° videos in education. In their search term, they
exclusively used different spellings of the term 360° video. Therefore, it cannot be ruled
out that due to the lack of a conceptual distinction between 360° videos and virtual reality
in the literature, thematically relevant contributions were not recorded by the authors. In
addition, no reference to conventional video technology could be established. However,
we see the link to traditional video technology as necessary, as we understand 360° vid-
eos as a specific video format and agree with the argumentation of Roche et al. (2021).

Different video techniques and their use in teaching, for example for explanation or
viewing classroom videos in teacher education (Gaudin & Chalies, 2015) have been
analyzed until now. We recognize a systematic linking of the educational potentials of
conventional video technology with those of 360° videos as well as a sharp differentia-
tion of 360° videos from virtual reality as an important addition to existing reviews (e.g.,
Pirker & Dengel, 2021; Ranieri et al., 2022; Dhimolea et al., 2022). To avoid future mis-
understandings between 360° videos and virtual reality and to clarify the potentials of
360° video technology, we conducted a systematic review of 360° videos in education,
building on the scoping reviews by Snelson and Hsu (2020) and Ranieri et al. (2022), as
well as the systematic reviews by Kavanagh et al. (2017) and Pirker and Dengel (2021).

2 Definition of terms
The 360° video technology enables the video recording of the real environ-
ment with special video cameras (Ranieri et al., 2022). As with conventional

video technology, a video image of the real environment is created. The deci-
sive common criterion is the video recording. A 360° video camera records the

@ Springer



Education and Information Technologies (2024) 29:1319-1355 1321

environment around it both statically at a fixed point and from a dynamically
moving camera position. With 360° videos the user can freely choose his viewing
angle in a 360° angle around the camera (Roche et al., 2021). These individually
controllable options are called degrees of freedom (DoF). Three-hundred-and-
sixty-degree-videos predominantly allow three DoF of rotation on the X, Y and Z
axes around the fixed camera point (Griffin, Langlotz & Zollmann, 2021). Thus,
the viewing perspective can be freely selected up or down, left or right, or in tilt.
By freely choosing the viewing direction, viewers interact with the medium, but
the recorded action cannot be manipulated when compared to programmed vir-
tual reality (VR) scenarios (Roche et al., 2021). However, 360° videos can also
be viewed via different playback media with different degrees of immersion, thus
picking up on an important characteristic of virtual reality: immersion.

Immersion is the feeling of reality in a non-physical world (Ranieri et al.,
2022). Different immersive technologies and their definitions complement each
other and cannot be completely distinguished (Kaplan-Rakowski & Gruber,
2019). For example, Pirker and Dengel (2021) distinguish in their systematic lit-
erature review between 360° VR-videos and real VR. Pellas et al. (2021) were
able to include articles about 360° videos in their systematic review, although
they only used the terms "immersive technology" or term variations of VR in
their search term.

The definition of VR is not undisputed (Jensen & Konradsen, 2018; Kaplan-
Rakowski & Gruber, 2019). Kavanagh et al. (2017) state a minimum consensus
definition of VR is a digital representation of a three- dimensional object and/
or environment. Unlike 360° videos, programmed VR applications enable action
control in a virtual world. The digital environments and actions are programmed,
unlike 360° videos, while 360° videos record real environments and actions. In
VR, other control options are offered in addition to action control. Thus, transla-
tional movements forward or backward, to the side or up and down are possible
(Griffin et al., 2021). Accordingly, six DoF are characteristic for VR applications.
The necessary requirements for the creation process of VR applications is thus
higher than for 360° videos (Kavanagh et al., 2017).

360° videos and VR can be systematized according to the kinds of media used
and their degree of immersion (Kaplan-Rakowski & Gruber, 2019, Kucher Dhi-
molea et al., 2022). Low-immersive VR is defined as applications controlled with
keyboard or mouse on the desktop, while high-immersive VR is defined as appli-
cations controlled with a head-mounted display (HMD), among others.

In general, 360° videos can be viewed or controlled in a low immersive manner
on the desktop or in a highly immersive way with head-mounted-displays (HMD)
and are also categorized under the term VR (Kucher Dhimolea et al., 2022; Pellas
et al., 2020, 2021; Rupp et al., 2016, 2019). On one hand, 360° videos are associated
with the medium of video in general due to the recording and sequencing of moving
images. On the other hand, it is associated with VR because of its immersive possi-
bilities. We agree with the necessary terminological separation of both technologies
proposed by Roche et al. (2021) and define 360° video as a specific video format that
combines features of VR with conventional video technology.
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3 State of research

In general, digital media present new ways of teaching and learning. Traditional vid-
eos already offer extensive possibilities for visualization and reflection in education.
Immersive technology offers the opportunity for more authentic learning processes.
Due to the classification of 360° videos as a specific video format, conventional vid-
eos as a teaching-learning medium will be first analyzed and potentials identified
(3.1) followed by an overview of research on immersive technologies such as VR
(3.2). For a condensed presentation, primarily reviews were considered. Since 360°
videos are considered to be video technology but also exhibit properties of immer-
sive technologies, the potentials that need to be examined in this review are finally
derived (3.3).

3.1 Traditional videos in education

Yousef et al. (2014) were able to identify video benefits in process learning in their
systematic literature review of video-based learning (rn=76); in particular to pre-
sent and visualize content in an attractive and realistic way. However, they were also
able to determine no difference in learning success between teaching with videos as
compared to other methods. In contrast, Gaudin and Chalies (2015) identified high
motivational potential and authentic presentation possibilities through videos and
the advantages they provide in enhancing the perception of teaching situations with
reflexive learning processes. Based on their analysis of 255 articles, in a systematic
literature review on the use of video in teacher education, videos have advantages in
problem-oriented presentations, provide multi-perspectivity to illustrate theoretical
and practical content in contrast to text. Noetel et al. (2021) confirmed the poten-
tial video has for a more authentic and realistic way of learning. They analyzed the
effects of video on learning in higher education with a systematic literature review
(n=105). As a result, they found strong benefits in the learning process were exhib-
ited through a combination of video learning and traditional learning methods.

3.2 Immersive technology in education

Immersive technology such as VR applications are already used as a teaching—learn-
ing medium in higher education contexts, depending on the discipline (Kavanagh
et al., 2017). In a systematic literature review, Kavanagh et al. examined 379 papers
for their use of VR applications in higher education and their influence on learn-
ing motivation. They conclude that VR applications positively influence motivation
in the learning process because of their immersive and interactive possibilities. In
their systematic literature review (n=18), Radianti et al. (2020) also mention the
high realistic display capabilities of immersive technologies. VR applications enable
interactive and realistic learning experiences based on discovery learning or learning
by doing in an authentic and realistic virtual environment (ibid). Pellas et al. (2020)
reached similar conclusions in their scoping review (n=41). VR allows students
to access realistic, high-quality educational resources with authentic simulations
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generated by computing devices. Due to the higher sense of authenticity in a realis-
tic virtual environment combined with the interactivity they provide, students favor
higher immersive virtual reality applications (Kaplan-Rakowski & Gruber, 2019).
It is assumed the novelty effect cannot be ruled out, because VR applications offer
a new way of learning (ibid.). In another systematic review on the use of highly
immersive VR in language learning (n=32), Dhimolea et al. (2022) found positive
effects on motivation and learning engagement as well as on the reduction of speak-
ing anxiety through VR. However, the authors also mentioned the effect sizes were
related to both students’ experiential use of the technology and technology accept-
ance. Longer experiences with VR and especially higher levels of immersion have
more positive effects on learning outcomes (ibid). Besides the motivational impact
of learning process and realistic learning experiences, Jensen and Konradsen (2018)
summarized in their review (n=21) that VR applications provide protected learning
spaces for timeless learning experiences without spatial constraints.

However, the widespread implementation of VR applications as a learning
medium is difficult because it requires knowledge in programming and computer
science (Kavanagh et al., 2017). The increased resource requirements for VR appli-
cations as a learning medium are confirmed by the findings of Jensen and Konradsen
(2018). High resource requirements combined with unclear positive impact on learn-
ing outcomes lead to low usage of it as a teaching—learning medium (ibid). Radianti
et al. (2020) arrive at a similar conclusion. Due to the high technical component
of highly immersive VR, mobile VR can be used as a cost-effective alternative for
educational processes, as it also provides experiences which are independent of spa-
tial and temporal constraints (Pellas et al., 2020). Similar to Kavanagh et al. (2017),
Jensen and Konradsen (2018) suggest the resource-efficient use of 360° videos.

3.3 360° videos in education

Three potentials of 360° videos as a teaching—learning medium were identified in a
scoping review by Snelson and Hsu (2020) (n=12). They are multi-perspective reflec-
tion, increased engagement and motivation. Mohd Adnan et al. (2020) also found a
high positive evaluation of 360° videos and VR as a teaching—learning medium in
their study (n=560) especially for students’ learning enjoyment. Independent, repeat-
able practice time is also mentioned alongside the immersive and interactive possi-
bilities of 360° videos and VR (ibid.). Although VR has great potential for education
due to the immersion and interaction it allows, Kavanagh et al. (2016) stated that its
implementation is difficult due to its high cost and large quantity of resources it requ-
ries. In their case study, they proposed 360° videos as a cost-effective alternative to
VR technology. However, the effectiveness of 360° videos as a learning medium still
needs to be investigated. Snelson and Hsu (2020) confirm the call for studies on the
effectiveness of 360° videos. They note most studies are rather exploratory and make
few statements about learning effects, which are seen to greatly differ especially in
terms of effectiveness. In their systematic review (n=64), Pirker and Dengel (2021)
examined the potential of both 360° videos and VR for educational processes. So far,
the authors have found increased use in the medical field (28.1%), followed by history
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and social studies (12.5%). In general, 360° videos generate interest, especially in
STEM subjects, enable discovery learning in different disciplines, and can be viewed
with different output media, especially mobile devices (ibid.) The playback media
have an influence on the perceived immersion content and thus on the perceived real-
ity and authenticity. Ranieri et al. (2022) confirmed in their scoping review (n=29)
the positive effects of 360° videos on motivation, attention, information intake, and
knowledge transfer. In particular, 360° videos can be used to link theory with practice,
illustrate learning content, and develop learning scenarios. However, no clear evidence
of a positive effect of 360° videos could be found for pure theory transfer, e.g. in the
form of lectures (ibid). In addition to the medical field (n=8), 360° videos are also
used in teacher education (n=4) (ibid). For example, in an exploratory study, Cross
et al. (2022) used 360° videos in teacher education to perceive classroom situations.
In contrast to conventional videos, the complexity of the classroom can be presented
from multiple perspectives in a 360° video. In their SWOT analysis on the use of 360°
videos in teacher education, Roche et al. (2021) recognize a high potential for obser-
vational learning processes to improve teaching skills, explore teaching situation and
reduce anxiety in classroom (ibid). Due to the low resource requirements of 360° vid-
eos, 360° videos can be used as a teaching-learning medium. However, despite a clear
distinction from VR, the authors also note a that high level of immersion is also possi-
ble with HMD (ibid) and that further research is needed on immersive playback media
in 360° video.

By using the VR term for 360° videos and systematically categorizing applica-
tions according to their immersive content, the potentials of VR and 360° videos are
blended. However, it results in the need to specifically investigate the previous uses of
360° videos in order to analyze their potential. Only through comprehensive findings
on their potentials can their effectiveness be verified. This systematic literature review
is therefore intended to help. The findings of Snelson and Hsu (2020), Pirker and Den-
gel (2021), Roche et al. (2021), and Ranieri et al. (2022) are combined using a clear
conceptual definition of 360° videos and VR and linked to the potential of traditional
videos as a teaching-learning medium.

4 Methods

The aim of the review is to analyze areas of application of 360° videos in educa-
tion and to present and discuss their potential for teaching and learning processes.
Because of limited research about 360° videos as an educational medium, we focus
on three broad research questions (RQ):

1. Which disciplines can be categorized using 360° videos as a teaching—learning
medium?

2. What purposes can be categorized using 360° videos as a teaching—learning
medium?

3. What potentials of 360° videos as a teaching—learning medium can be identified
or derived from the categorized results?
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A systematic literature review will be carried out to examine the areas of applica-
tion, purposes and potential of using 360° videos as an educational medium. The
approaches are based on the PRISMA statement and the recommended protocol
(Moher et al., 2015) (Fig. 1).

4.1 Search strategy

The previous reviews of 360° videos in education, which show the state of research,
are supplemented by the search with a clear distinction from VR in order to show
the potential of 360° videos more clearly. In particular, 360° videos became popular
with the technical possibility of 360° videos on social media platforms and video
portals between 2015 and 2017 (Ranieri et al., 2022). Roche et al. (2021) noted that
360° videos in teacher education have become more prominent in research, espe-
cially from 2018. Therefore, the period of selection in the search is limited to publi-
cations from the last 5 years: 2017— May 2022.

In order to obtain many studies of 360° videos as an educational learning medium
and ensure quality, only peer reviewed papers in the English language will be
included using the Education Resources Information Center (ERIC) and the Aca-
demic Search Premier EBSCOhost.

5 ERIC, Academic Search phrase: ("360° video" OR "360 degree video" OR
s Premier Search Ebsco "spherical video* OR ,,Virtual Reality*) AND (education OR
e Host > learning OR teaching)
|
o
= N =4485 Filters: reviewed articles and research articles;
published between 2017 and 31th May 2022
S iR s af Exclusion criteria:
o0 creened Records after 1) no mention of 360°
.g : Records excluded
§ duplicates removed > video, 360°-VR,
g _ 360°-image, VR-
2 _ n=4215 ’
“ n=4362 video, immersive
B video or spherical
video in title or
. abstract
> Full-text articles :
= P 2) focused on virtual
i screened for eligibility . 4
B real%ty, augmepte
= 0= 147 reality or gaming
3) no full-text in open
v access available
2 Articles included in amally added stud 4) focused on technical
=2 qualitative synthesis | g Y Y devglopment or
i < design
= n=43 n=1 5) no 360° video used
— 6) no study with 360°

video for learning
7) subjects n <20

Fig. 1 PRISMA-Flowchart for identification and selection of research articles
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4.2 Keywords

The first step to obtain an initial overview of 360° videos in education was to con-
duct an unsystematic preliminary search of 360° videos on Google Scholar based on
a funnel model. An unclear classification of 360° videos into sub-concepts, catego-
ries and synonyms emerged, as presented in the previous chapter. Reviews of VR
(Dhimolea et al., 2022; Pellas et al., 2020) also address 360° videos. However, we
understand 360° videos as a specific video format which has characteristics of VR
but is to be distinguished from it due to the creation process or the predominantly
limited DoF. The focus of our research was therefore to include only articles which
clearly address a use of 360° videos for educational processes. Because it could be
expected that only a small selection of relevant contributions would contain the term
"360° video" as a single keyword, "Virtual Reality," under which 360° videos can
also be categorized due to their lack of a clear definition, was added as a keyword. In
addition, other terms such as "spherical videos" were added, which were found dur-
ing the unsystematic preliminary search. The literature search was extended to the
setting of education or teaching and learning purposes in a Boolean search string:

4.3 Data extraction

Using ERIC and Academic Search Premier EBSCO databases between April 2021
and 15 June 2022, a total of 4485 articles were identified. After duplicates were
removed, 4362 studies were reviewed for thematic relevance based on their titles
and abstracts by two independent coders. By using the additional search term "Vir-
tual Reality", a large number of articles were found, but neither the title nor the
abstract showed a thematic match to our exclusive research focus of 360° videos for
education. In order to clearly distinguish 360° videos from VR and to prevent con-
ceptual confusion, only articles which clearly used the term 360° video or term syn-
onyms (360° VR, 360° image, VR video, immersive video, spherical video) either
in the title or in the abstract were included as potentially relevant articles in our full-
text analysis. For a further detailed analysis, articles with full-text availability were
required. 147 contributions were considered relevant and analyzed in more detail.
Articles that did not apply an empirical study or focused on technical aspects, cam-
era technology, network transmission or the design of 360° videos were excluded.
In 57 articles, both coders were able to establish a clear thematic reference to 360°
video in the title or abstract. For 69 articles, both coders could not rule out the pos-
sibility that it was 360° video on the basis of the title or summary, even though
the terms "360° VR", "360° image", "VR video", "immersive video" or "spherical
video" were used. One study was added after studying literature references (Mohd
Adnan et al. 2020). The verification of the coding agreement of the titles and sum-
maries according to their thematic assignment and relevance by the two coders
showed an agreement of 98%. The adjusted reliability estimate with the Cohens-
Kappa coefficient was K=0.81, which can be classified as a moderate agreement.
After the full text analysis, 44 articles (Table 1) could be included in the review as
relevant for an overview of areas of use (RQ1) and purposes (RQ2) of 360° videos
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in education. Articles using 360° video technology as a teaching-learning medium
within a study were evaluated as relevant. To minimize exploratory concept ideas,
study relevance was determined with more than 20 subjects. First, included articles
were inductively categorized according to the different disciplines and purpose of
360° videos in education. Second, the potentials of 360° video technology for teach-
ing and learning processes are discussed on the basis of the categorized application
areas and purposes in connection with the current state of research (RQ3).

5 Results

The focus was initially on identifying individual subject disciplines in order to
obtain an overview of the use of 360° videos as a teaching-learning medium. Sub-
sequently, the intended uses of 360° videos were inductively categorized. As per the
third research question, the potentials were inductively derived from the analyzed
studies.

5.1 Disciplines using 360° videos as a teaching-learning medium

After a numerical count of the frequency of use of 360° videos within different dis-
ciplines, the individual studies were divided into different categories depending on
their content. After analyzing the 44 articles, the main disciplines that use 360° vid-
eos as a teaching—learning medium (RQ 1) are medicine (n=9), language (n=8),
teacher education (n=7) and natural science (n="7) as shown in Table 1. However,
the separation of the individual categories was not always clearly definable. For
example, a first-aid course to learn cardiopulmonary resuscitation (Barsom et al.,
2020) can be assigned to both the medical category and general education, while
traffic education measures (Bari¢ et al., 2020), such as alcohol consumption in road
traffic (Ma, 2020), were assigned to the area of general education. Articles with dif-
ferent publication dates or publication media were counted individually, even if their
literature indicated that they were the basis of large, comprehensive studies (Boda &
Brown, 2020a, b; Ferdig & Kosko, 2020; Kosko et al., 2019; Theelen et al., 2019,
2020a, b).

The language category included all the main topics dealing with language com-
prehension (e.g., Huang et al., 2020; Repetto et al., 2021), actual speaking and
reducing anxiety to speak in front of an audience (e.g., Vallade et al., 2021). Reduc-
ing speech anxiety is also addressed with 360° videos in the separate category of
teacher education (e.g., Theelen et al., 2020a), where contributions to improving
classroom perception were also summarized. Studies using 360° videos in geog-
raphy (Barnidge et al., 2022; Chang et al., 2020; Jong et al., 2020) were assigned
to the natural sciences category to illustrate theory and practice (Boda & Brown,
2020a, b) or to realistically present learning content in authentic environments (Bar-
nidge et al., 2022; Chang et al., 2020; Jong et al., 2020). The authenticity of 360°
videos is also used for cross-cultural learning (Chien & Hwang, 2022; Shadiev
et al., 2021). In addition, singular disciplines such as history (Calvert & Abadia,
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2020), engineering (Chen et al., 2021), media management (Hebbel-Seeger et al.,
2021), religion (Johnson, 2018), social work (Lanzieri et al., 2021), business (Lee
et al., 2017), sports (Pagé et al., 2019), and education (Rupp et al., 2019) could be
identified.

5.2 Purposes of using 360° videos as a teaching-learning medium

In summary, our analysis a total of three different purposes for 360° videos: obser-
vation and presentation of learning content in a 360° video scenario (e.g., Barnidge
et al., 2022; Jong et al., 2020), immersive and interactive theory-practice teaching
(e.g., Boda & Brown, 2020a, b; Ros et al., 2021), and self and peer-reflection (e.g.,
Johnson, 2018; Theelen et al., 2019, 2020a, b).

The all-round view makes 360° videos particularly suitable for observational
learning. Most studies compare the use of different teaching—learning media such as
text, conventional videos, 360° videos or VR and their impact on learning motiva-
tion and success (e.g., Chang et al., 2019; Chao et al., 2021; Hwang et al., 2022; Tak
et al., 2022). Some studies found a positive impact on learning engagement and moti-
vation (e.g., Calvert & Abadia, 2020; Chang et al., 2019; Chen et al., 2022; Lee et al.,
2020; Yang et al., 2021), while other studies found no difference in learning motiva-
tion despite the use of different teaching—learning media (Chang et al., 2020; Huang
et al., 2020). Similarly, no clear positive or negative effect on learning success can be
identified through the use of 360° videos. For example, Dolgunsoz et al. (2018) found
higher learning motivation with of 360° videos compared to traditional videos but
no difference in learning success in language learning. In contrast, Yang et al. (2021)
found both higher motivation and higher learning success in Chinese learning. These
divergent statements on the influence on learning success and learning motivation are
also based on learners’ previous experiences with 360° video technology. Although
360° videos offer a panoramic view, the opportunity can also be distracting and have
a negative impact on learning success, while learning motivation could be more posi-
tive due to the novelty of the technology (Hebbel-Seeger et al., 2021). In addition to
pure observation, 360° videos can be provided with additional tasks which can be
used both during and after observation (e.g., Barsom et al., 2020).

Three-hundred-and-sixty-degree-videos can also be used to present content in an
immersive way to increase interest in science and research and motivation to learn
(e.g., Boda & Brown, 2020a, b). They can be viewed on a desktop with a low immer-
sion level or experienced with a highly immersive HMD (e.g., Barnidge et al., 2022;
Han et al., 2022; Lee et al., 2017). The immersion level of the playback media influ-
ences both the immersive experience and the learner’s motivation to learn. Highly
immersive 360° videos seem to promote learning motivation and the immersion
experience more strongly (Han et al., 2022; Lee et al., 2020; Ma, 2020). In particu-
lar, for foreign language learning, 360° videos enable immersion in foreign cultures
and regions and allow students to apply language skills in real digital environments
(e.g., Huang et al., 2020; Yang et al., 2021). The interaction capabilities of 360° videos
beyond controlling gaze direction or solving integrated tasks were identified in one
article (Vallade et al., 2021). Participants were able to interact with the 360° video
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scenario in combination with HMD, using the immersion effect to learn a language
and reduce the anxiety of speaking in front of a virtual audience. Participants inter-
acted not only with the learning content, but also with the technology itself. Realistic
and authentic learning scenarios may also be implemented with 360° videos to reduce
prospective teachers’ classroom anxiety and allow student teachers to practice teach-
ing (Theelen et al., 2020a). Due to the multi-perspective presentation possibilities and
immersion through low and high immersive playback media, learning scenarios can
be designed more authentically, realistically and more immersive compared to conven-
tional videos (e.g. Chao et al., 2021; Hwang et al., 2022; Pagé et al., 2019).

In addition to observation and interaction, 360° videos are also useful for reflec-
tion. Theelen, van den Beemt and den Brok (2019) used 360° videos to identify
teaching situations of prospective teachers and found an improvement in their per-
ceptual ability. Ferdig and Kosko (2020; Kosko et al., 2019) also showed improved
perceptions of prospective teachers through reflections on classroom situations. Out-
side of teacher training, Pagé et al. (2019) were also able to achieve an improvement
in recognizing and deciding tactical game situations in basketball with 360° videos.

5.3 Potentials of 360° videos as a teaching-learning medium

The analysis of the included articles reveals 360° videos have a high potential for
illustrating theory and practice through observation or reflection, increasing motiva-
tion and interest, creating authentic and realistic learning experiences and fostering
interactive and immersive learning processes. However, it is also important to point
out the limitations and restrictions of 360° videos as a teaching—learning medium.

In particular, 360° videos for observing and acquiring knowledge content are espe-
cially well suited to illustrate theory and practice (Ros et al., 2021). Theory-practice
linkage has been demonstrated in the studies of Boda and Brown (2020a, b) on the use
of 360° videos for scientific phenomena and experiments in naturalistic settings. They
can also be used to practically demonstrate single theoretical steps or theoretical pro-
cedures, e.g., for first aid (Barsom et al., 2020) or surgery (Ros et al., 2021). Reflective
possibilities of 360° videos in combination with knowledge transfer in lectures can
also be applied to illustrate social skills and interpersonal skills of the teacher—student
relationship in a practical teacher education setting (Theelen et al., 2020b).

The studies also show the high learning motivation potential of 360° videos. Even
if the suitability of 360° videos to increase learning motivation cannot be clearly
demonstrated, the majority of studies do indicate higher learning motivation through
its use (e.g., Chen et al., 2021; Lee et al., 2017, 2020). However, there are also some
studies that found no difference in learning motivation through 360° videos (Chang
et al.,, 2020) when compared to other learning media (Huang, Hwang & Chang,
2020). Only in medicine did Ulrich et al. (2021) find negative satisfaction and evalu-
ation of 360° video technology as a teaching—learning medium for knowledge trans-
fer compared to conventional physical therapist training.

The 360° video technology enable authentically perceived observation, inter-
action and reflection of recorded learning situations due to their all-round view.
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Learning content such as in social work (Lanzieri et al., 2021), can be illustrated in a
realistic learning environment using video recordings of future workplaces. Perspec-
tive changes, for example the perception of patients in medical training courses, can
also be conveyed more realistically with 360° videos (Lee et al., 2020; Taubert et al.,
2019).

Compared to traditional video, the individually selectable 360° panoramic view
increases the viewer’s sense of presence, both on the desktop and with HMD. The
vast majority of studies show significantly higher sense of presence and sense of
realism ratings for 360° videos compared to traditional videos (e.g., Barnidge et al.,
2022; Ferdig & Kosko, 2020; Lee et al., 2020; Pagé et al., 2019; Singh et al., 2020).
Compared to programmed VR, which can still evoke higher immersion due to inter-
action possibilities and action manipulations, the study by Vallade et al. (2021) cites
the realistic representation of people in a 360° video as an important added value
of immersion and the perception of realism, although no action manipulations are
possible. The immersion can be used to train presentations in front of an audience,
reduce speech anxiety (ibid., Chen & Hwang, 2020) or prepare teaching situations
in teacher training (Theelen et al., 2020a). The degree of immersion of the playback
media has a significant impact on the effect of 360° videos as a teaching-learning
medium, e.g. on the motivation to learn, the realistic and authentic feeling or even
the learning success. Therefore, 360° videos with different immersion levels have
been used in some studies (e.g., Ferdig & Kosko, 2020; Han et al., 2022; Kosko et
al., 2019; Lee, et al., 2017, Ma, 2020). Regarding the immersion effect, Rupp et al.
(2019) found a positive correlation between viewer engagement with the learning
material and their interest in watching 360° videos through playback media with
increasing immersion levels.

However, the immersive potential of 360° videos is positively evaluated even at
low levels of immersion (Calvert & Abadia, 2020; Johnson, 2018; Lanzieri et al.,
2021), especially when compared to traditional videos (e.g., Ferdig & Kosko, 2020,
Hwang et al., 2022) that are also viewed through the same playback medium, e.g.,
an HMD (Chao et al., 2021).

In addition to the analyzed potentials, however, the limitations of 360° video
technology must also be considered. Besides there being no clear statements on the
influence on learning success, it is also necessary to select the appropriate learning
arrangement. For example, Hebbel-Seeger et al. (2021) found in their experiment
that teacher-centered lecture recordings with 360° videos have no added value when
compared to conventional video recordings, despite their high authenticity and real-
ism, because the desired camera focus is mostly frontal and the possible all-round
view of 360° videos is not used. Theelen et al. (2020b) were also unable to identify
any added value from 360° videos for pure theory teaching. Likewise, Ulrich et al.
(2021) showed that the predominantly positive motivational potential of 360° vid-
eos as a teaching—learning medium does not necessarily apply to a practice-oriented
physiotherapy education. For a targeted use of 360° videos as a teaching—learning
medium, it is therefore imperative that suitable didactic concepts are developed on
the basis of potentials, which, depending on the subject discipline, also take into
account the teaching arrangement. The degree of immersion of the playback media
also plays an important role within the didactic concept in the evaluation of learning
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success. For a high learning success in observation tasks, a playback medium with a
high degree of immersion is basically not always necessary.

As with other media, there are technical points of conflict and potential complica-
tions with 360° video technology. In addition to visual artifact issues or distortion
within the 360° graphic video display, network and signal interference with play-
back media, as well as physical negative effects of the technology, are also possible
(Azevedo et al., 2020). Despite the potential for immersion, the effect of potential
motion sickness in users must be considered, which was also rated as a negative
feeling by study participants (Hebbel-Seeger et al., 2021; Johnson, 2018; Rupp
et al., 2019; Ranieri et al., 2022).

6 Discussion

The included articles show that 360° videos can be used for different purposes and
disciplines and have specific potentials. In addition to the potentials we have already
been mentioned from the literature analysis (see Chap. 5), further opportunities of
360° videos as a teaching—learning medium can be derived from the previous state
of research on traditional videos and VR (see Chap. 3). In addition to the previous
reviews, the potentials of 360° video technology can be derived with both traditional
video technology and VR. On the one hand, 360° videos as a specific video format
taps the potential of traditional video technology; on the other hand, 360° videos can
also be viewed with immersive playback media equipment such as HMD, and the
potentials of VR can be tapped into. Combining the four analyzed potentials of 360°
videos as a teaching—learning medium from Chap. 5 and the presented potential of
traditional videos and VR from Chap. 3, a total of five categories of 360° video tech-
nology potentials in the context of education can be discussed.

6.1 Motivation and interest

In their systematic literature review, Gaudin and Chalies (2015) attest to videos’
high motivational potential due to the authentic presentation possibilities of conven-
tional video technology. Kavanagh et al. (2017) also find high motivation potential
in VR due to its immersion and interaction possibilities. Authentic presentation,
immersion and interaction possibilities are all exhibited in 360° videos. Chen and
Hwang (2020) report a higher motivation score when using 360° videos to reduce
anxiety when speaking in front of an audience. Dolgunséz, Yildirim and Yildirim
(2018) report that viewing and summarizing a documentary in 360° video format
leads to higher motivational values than traditional video technology due to greater
authenticity and immersion. In contrast, Huang et al. (2020) did not find any motiva-
tional differences between traditional video technology and 360° videos in language
learning, although 360° videos were rated more highly as a learning medium. How-
ever, the vast majority of studies in our analysis attest high motivational potential
and higher learner interest and engagement to 360° video technology (Calvert &
Abadia, 2020; Lee et al., 2020) and confirm the findings of existing research (Pirker
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& Dengel, 2021; Ranieri et al., 2022; Snelson & Hsu, 2020). The influence on learn-
ing motivation can be explained not only by the actual subject interest of the learner,
but also by the degree of immersion of the playback medium. A high degree of
immersion obviously leads to higher learning motivation (Lee et al., 2017, Rupp
et al., 2019). Since 360° videos have a higher immersion than conventional videos
even with low immersive playback media, learning motivation can be increased in
comparison to traditional videos (Chang et al., 2019, Chao et al., 2021, Yang et al.,
2021).

6.2 Authenticity and realism

Yousef et al. (2014), Gaudin and Chalies (2015) and Noetel et al. (2021) address
the potential of realistically and authentically presenting learning content using
traditional video technology. Kaplan-Rakowski and Gruber (2019) and Radi-
anti et al. (2020) also see the strengths of VR in the realistic representation and
action controls that it allows. 360° videos do not allow direct action control, but
the all-round view they provide makes it possible to create and perceive film
locations even more realistically (Bari¢ et al., 2020). Boda and Brown (2020a,
b) used 360° videos to present scientific experiments outside of research labora-
tories in familiar surroundings. According to the authors, the authentic and real-
istic recreation of the experiments led to a higher interest in the participants in
scientific research. The possibilities of such learning experiences through 360°
video recordings are also used by Lanzieri et al. (2021) for social work and by
Lee et al. (2020) in the medical-therapeutic field to design digital learning situ-
ations that are as close to work as possible. Especially with HMD, 360° videos
have the ability to create learning experiences that appear far more realistic than
traditional videos (Lee et al., 2017; Pagé et al., 2019).

Unlike programmed VR, 360° video, like traditional video technology, cap-
tures footage of the real environment. The depiction of the real environment
achieves a high sense of reality for learners (Roche et al., 2021; Vallade et al.,
2021). Compared to traditional videos, 360° videos offer a more realistic pres-
entation of learning content and, through HMDs, take advantage of VR to add
even more authenticity.

6.3 Immersion and interactivity

Immersion and interaction, such as action control in VR, enable participa-
tion in the learning medium that is perceived as realistic and have positive
effects on learner motivation and engagement (Kavanagh et al., 2017; Kaplan-
Rakowski & Gruber, 2019; Radianti et al., 2020). To evaluate the immersion
potential of 360° videos, a distinction of immersion levels is necessary. Kucher
Dhimolea, Kaplan-Rakowski and Lin (2022) show in particular the effects of
highly immersive applications in language learning. Particularly positive moti-
vating effects with highly immersion playback media can also be identified

@ Springer



Education and Information Technologies (2024) 29:1319-1355 1349

in the included studies (Chang et al., 2019; Chen & Hwang, 2020; Lee et
al., 2020). Three-hundred-and-sixty-degree-videos enable multiple levels of
immersion depending on whether users choose to view them on a desktop or
through HMD. With HMD, the sense of presence is perceived as highly immer-
sive (e. g. Barnidge et al., 2022; Calvert & Abadia, 2020; Ferdig & Kosko,
2020), although action control is not possible as it is in VR. The high motiva-
tion potential of perceived real participation in the VR learning medium (com-
parison with Chap. 3) is also present in 360° videos (Dolgunsoz et al., 2018;
Rupp et al., 2019). The sense of presence and participation is evaluated to be
positive (e. g. Bari¢ et al., 2020; Johnson, 2018) and increases in combination
with immersive HMD (Barnidge et al., 2022; Rupp et al., 2019).

However, it is also important to note that in addition to using different
immersive output media, 360° videos typically have a lower number of DoF
compared to VR which in turn also affects immersion (Huang et al., 2017).
Unlike conventional videos, 360° videos nevertheless enable immersive teach-
ing—learning experiences and use the resulting motivational effects as in VR.
Although the six DoF, and thus interaction, in VR is greater than in 360° vid-
eos, which typically feature only three DoF but allow for choice of viewing
direction or control of camera focus, these possibilities can also be used for
discovery-based learning.

In general, the degree of immersion seems to influence the motivation to
learn as well as the perception of realism and has to be taken into account in
conceptual didactic considerations for the use of 360° videos as a teaching-
learning medium.

6.4 Observation and reflection with multi-perspectivity

Both Gaudin and Chalies (2015) and Yousef et al. (2014) mention the potentials of
conventional video technology for reflection processes. With videos, multiple per-
spectives with different video footage can be viewed to reflect on actions. The 360°
all-round view expands the observation possibilities (Bari¢ et al., 2020; Ferdig &
Kosko, 2020; Kosko et al., 2019; Pagé et al., 2019; Theelen et al., 2019, 2020a, b).
With text panels or buttons, which can also be implemented within the 360° videos
as with conventional videos, attention and visual focus can thus be directed in the
360° panoramic view and thus support the learning process (Boda & Brown 2020a,
b; Tauber et al., 2022). For instance, in teacher education, 360° videos can be used
to record one’s own teaching units and reflect on the reaction of the learners. Like-
wise, subject-specific learning content can be represented, which is acquired through
observation, for example.

6.5 Individuality and learning control

Both conventional video technology (Noetel et al., 2021) and VR (Jensen & Konrad-
sen, 2018; Radianti et al., 2020) offer the possibility of adapting learning content to
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individual pace and progress, for example, through the option of repeating content
without a time limitation. As a specific video format, 360° videos also have individ-
ual control options and can adapt to the individual learning process especially when
it comes to the repetition of educational content in a safe, authentic and realistic
environment without risk. For instance, 360° videos are suitable for first aid courses
(Barsom et al., 2020) or for driving lessons in driving schools (Bari¢ et al., 2020).
In addition to the individual playback options of conventional videos, the panoramic
view of 360° videos also offers greater individual observation, reflection and analy-
sis options. The 360° video technology thus enables greater individual learning pro-
cesses and is not limited to a predefined camera focus within the video recording.

6.6 Limitations

While a positive effect on learning motivation and student engagement through 360°
video technology has been substantiated by the analysis, there is no clear evidence
for the use of 360° videos or its advantages with regard to learning success. Positive,
consistent and negative effects on learning success were all found through the use of
360° videos as a teaching—learning medium. In addition, no clear statements can be
made about the effect of immersive content and different degrees of immersion on
learning success either.

The different study designs, learning prerequisites and learning objectives in the
various disciplines, as well as different expectations and prior experience in deal-
ing with 360° videos, also make it difficult to compare learning outcomes. A cross-
disciplinary statement about the effects on learning success is therefore not possible.

For a targeted study of whether 360° videos improve learning success, didactic
concepts will be needed that implement their potential in suitable learning arrange-
ments. It is noticeable that 360° videos already used as a teaching-learning medium
are less based on a specific learning theory but are rather used exploratively. It
is not just a matter of trying out 360° video technology on the basis of technical
enthusiasm, but rather of making good use of its possibilities and potential from a
pedagogical perspective. For example, the multi-perspective viewing possibilities of
360° video technology can be used both for observational learning processes in the
sense of a cognitivist learning theory or also to open up learning environments in an
individual constructivist way. Three- hundred-and-sixty-degree-videos can be used
for illustration and understanding of learning content or they can instruct in the con-
text of demonstration and imitation. For a comprehensive statement on 360° videos
and their influence on learning success, a differentiated consideration of the relevant
didactic concepts is necessary.

It is also important to clearly define the teaching-learning objectives to be
achieved. For example, 360° videos can be used to acquire content-related learning
skills as well as process-related skills such as independent exploration.

Depending on the subject discipline and learning task, both highly immersive and
low-immersive playback media can be used for 360° videos. For observational tasks,
a highly immersive playback medium does not seem to be necessary to achieve high
learning success. In order to be able to make clear statements in the future about the
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potentials and effects on the learning effects of 360° videos and to compare them
with other teaching-learning media, it is necessary to consider not only a clear defi-
nition and classification of 360° videos, but also the degree of immersion of the
playback media and the possible DoF.

Likewise, the experience with 360° video technology as a teaching-learning
medium itself and the duration of use must be taken into account in making clear
statements about the learning success.

7 Conclusion

We deliberately chose to exclusively present the potentials and possible uses of 360°
videos as a teaching and learning medium in order to clearly differentiate them from
VR even though the research field on VR as a teaching-learning medium offers
interesting approaches. Our analyzed articles show a variety of potentials of 360°
videos as a teaching—learning medium. It can be used across disciplines for observa-
tional, reflective or interactive learning, to illustrate theory and practice to increase
learning motivation or for immersive learning experiences.

For further discussion and research of 360° videos as a teaching—learning
medium, it is also advisable to use the term clearly and distinguish it from VR. VR
enables a higher degree of interaction and action manipulation, which can have an
impact on learning processes. The extent to which these advantages of VR can also
be compensated for by appropriate methodological-didactic concepts with 360° vid-
eos must be investigated in further studies.

As an advanced video format, 360° videos enhance the motivational potential of
conventional videos and offer design options for authentic teaching—learning sce-
narios which can be experienced realistically. Even though 360° videos allow less
interaction due to the lower DoF in contrast to VR, they still have an increased moti-
vation potential compared to conventional video technology. A significant added
value when compared to conventional video technology is the individually control-
lable omnidirectional view of 360° videos.

However, the results of our systematic literature review also reveal a lack of
empirical engagement with 360° videos as a teaching and learning medium to
date, most statements about learning success are premature. While some studies
have demonstrated learning success through the use of 360° videos, these cannot
be generalized or applied to other contexts. For a valuable use of 360° videos as
a teaching—learning medium, methodological-didactic concepts are therefore neces-
sary which take up the identified potentials and implement them in suitable learning
arrangements on the basis of corresponding learning theories such as observational
or discovery learning.
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