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ic available at the end of the presents related studies. Moreover, the methodology, the tools and the analysis process
article used to comparatively analyze social media data are presented and the results that

arose are showcased. The use of 360° video in education is discussed and directions for
future research are given. Based on the data from the last 10 years, the main findings of
the study show that 360° video and its use in educational settings are recognized posi-
tively by the public who mostly express anticipation, trust and joy when referring to it.
Nonetheless, teachers are unfamiliar with 360° video and do not have the necessary
technical skills to develop educational material using it or incorporating it into teach-
ing activities. Finally, 360° video is proven to be an effective educational tool which
satisfies the emerging educational needs, enriches the teaching and learning process
and promotes students’ motivation, active participation and engagement, rendering,
thus, learning more effective.
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Introduction

As it was aptly described over a decade ago, today’s students are no longer the people
our educational system was designed to teach (Prensky, 2001). Therefore, education
methods should be adapted in such a way as to accommodate these evolving and var-
ying learning styles and emerging educational needs and requirements (DiLullo et al.,
2011). In order to improve the quality of education to meet these new requirements
and adjust to the new conditions, Information and Communication Technologies
(ICT) have been integrated into education and technology-enhanced learning meth-
ods have been implemented (Alexander et al., 2019; Henard and Roseveare, 2012).
Moreover, technology-enhanced learning has become a fundamental part of 21st
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century education as it allows easy and rapid access to information and services and
renders the creation of immersive virtual learning environments feasible. Based on a
study conducted by European University Association, 91% of European Higher Edu-
cation institutes have already delivered blended and distance learning courses (Gaebel
et al,, 2014).

Furthermore, the recent advances in ICT and Extended Reality (XR) technologies
as well as the emphasis on pedagogy in student-centered learning have paved the way
for using immersive technologies in educational activities. XR technologies involve
immersive technologies such as augmented reality and virtual reality. Virtual real-
ity refers to environments or realities created by computers designed to simulate a
person’s physical presence in specific real or artificial environments which perceptu-
ally surround users and are presented in such a way that they can be regarded to be
true. It is differentiated from augmented reality which refers to technological appli-
cations of computer units that enrich and enhance users’ physical environment with
additional information and virtual objects in real time (Lampropoulos et al., 2020).
In order to create highly interactive and immersive educational environments and
experiences, the use of 360° video, augmented reality and virtual reality are becoming
more and more popular as they enable users to directly experience and interact with
virtual contents and environments. This immersive nature blends well with exist-
ing educational pedagogies such as those rooted in constructivist ideals since they
facilitate communication, interaction, collaboration and enhance engagement (Huang
et al., 2010). Dede (2009, p. 66) defined immersiveness as “the subjective impression
that one is participating in a comprehensive, realistic experience” and in a subsequent
study he highlighted the potentials of immersive environments as a means to improve
learning outcomes by promoting situated experiences, various perspectives as well as
communication and knowledge acquisition and transfer (Dede, 2009). Additionally,
the engagement, motivation and active participation of students are regarded as key
contributors to the learning and teaching process as well as towards learning and aca-
demic success (Appleton et al., 2006; Fredricks et al., 2004; Hew, 2016; Roorda et al.,
2011; Wang and Fredricks, 2014) and they can all be reinforced through the use of
immersive technologies which offer richer virtual environments and more vivid expe-
riences irrespective of users’ location (McKenzie et al., 2019; Rupp et al., 2016). The
sense of presence within a virtual environment is a topic which has attracted a lot
of interest. Although the terms presence and immersion seem to be alike, there is
a significant difference between them as presence refers to subjective psychological
response of a user experiencing a virtual environment while immersion to the objec-
tive level of sensory fidelity (Slater, 2003). Particularly, presence can be defined as a
sense of being within a virtual world or as a perceptual illusion of being in a place that
you are aware of not being there (Slater et al., 1994; Slater, 2018).

The remainder of this paper presents the main aims, motivations and incentives of this
study, goes over recent related work and showcases the concept of 360-degree video and
its application in educational settings. Furthermore, it analyzes the methodology fol-
lowed and the results drawn based on a comparative social media data analysis of the last
decade. Finally, it summarizes and discusses the main findings and drawn conclusions,
goes over the challenges and limitations and provides directions for future research.
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Aims, motivations and incentives

Our motivations and incentives derive from the concept of crowd wisdom in which the
aggregation of information of public groups yields more efficient results while leverag-
ing the collective knowledge and decisions of a group of individuals instead of relying on
a handful of experts’ opinions (Surowiecki, 2004). That is the reason why we opted to base
our work on the public’s viewpoints and attitudes. This type of data retrieval and analysis
can be regarded as a form of crowdsourcing. Crowdsourcing is the act of outsourcing a
task or a job conventionally carried out by a definite agent to an undefined public (Howe,
2006) and is based on the fact that a higher value is created when people work collectively
in virtual and physical networks and not independently. Nowadays, both concepts of crowd
wisdom and crowdsourcing are ubiquitous due to the technological advancements and the
development of user-centered applications. Moreover, the rise of social media and their
continuously increasing number of users have led to the creation of an immense volume
of data, known as Big Data, which is exponentially increasing daily (Wu et al., 2013). Social
media enable users to publicly share their opinions and viewpoints in real time. Addition-
ally, these platforms provide useful tools such as Application Programming Interfaces (API)
to make the available open data easily accessible. It goes without saying that social media
along with the tools they offer can be used to extract invaluable knowledge regarding the
public’s opinion on certain matters.

For the purposes of this study, the Twitter’s API was used to access and collect open raw
data of text (tweets) that users chose to share publicly. Analyzing the text contents of the
tweets in order to generate new knowledge and results was its main focus. This specific
platform was selected since it is regarded as the go to platform for people to share their
opinion on matters as soon as they occur or on breaking news and it urges them to be con-
cise and precise in their posts due to the limited amount of characters per tweet (Bruns
et al,, 2012; Java et al., 2007; Phuvipadawat and Murata, 2010).

Furthermore, this study expanded over the related Twitter data of the last decade so as
to have a better understanding and provide a more complete overview of the changes, evo-
lution and advancements of this innovative technology both in general as well as in the
educational sector in particular. Specifically, this study involved the identification and the
collection of Twitter data from January 2010 to December 2020 regarding (1) the general
use of 360° video and (2) the use of 360° video in education as well as the processing, analy-
sis and visualization of the retrieved data in order to better comprehend the related public’s
viewpoints and attitudes and answer our two main research questions which are:

+ RQ1: What public attitudes and perspectives about and towards the use of 360° video in
general are evident in social media (Twitter) posts?

« RQ2: What public attitudes and perspectives about and towards the use of 360° video in
education are evident in social media (Twitter) posts?

360-degree video

The exponentially increase in online content, the more affordable and cost-effective
technologies as well as the drastic improvements afforded to mobile technologies,
have brought about an interest in the use of 360° video and immersive technologies in
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education. In contrast to conventional videos which offer a very restrictive perspec-
tive, 360° video provides a spherical view with multiple viewing angles and perspec-
tives. Moreover, the contents of 360° video are in an omnidirectional form and can
either be computer generated or captured from the real world and as a result, users
are able to view everything within the camera range, thus more interactive, immer-
sive, engaging and realistic experiences can be created. Furthermore, 360° video
aligns well with existing pedagogical approaches and due to their immersive qualities,
students perceive being physically present in a virtual environment and thus, they
become more absorbed and engaged in learning activities (Rupp et al., 2016). Addi-
tionally, 360° video can affect students’ emotional response to the learning climate in
a positive way (Ulrich et al., 2021).

Existing evidence suggests that 360° video has the potential to offer interactive learn-
ing experiences so it is highly likely that the positive learning aspects will be increased
while the negative ones will be reduced through an interactive design and development
process (Preece et al., 2015). Furthermore, along with the advancement of lower cost
technologies, the increased online video content and the progressive integration of 360°
video in social media platforms has led to the creation of an exponentially growing col-
lection of online 360° videos (Snelson and Hsu, 2020). Additionally, as 360° video pro-
vides users with spherical views and renders their interaction and communication with
the virtual world around them feasible, it enhances the feeling of immersion (Ranieri
et al.,, 2020) and through the illusion that the experience perceptually surrounds them,
they feel a sense of presence within it (Hodgson et al., 2019). 360° video affects the emo-
tional response to the learning climate positively, it is cost-effective and it can increase
the effectiveness of e-learning (Ulrich et al., 2021). Due to the visual and auditory immer-
sion which is provided by 360° video, distraction that may impede the effectiveness of
learning and teaching may be overcome and practical skills training can be enhanced.

Ranieri et al. (2020) noted that research into the use of 360° video in educational
setting is at its very early stages. Therefore, given the limited empirical evidence for
360° video as an effective educational tool, the present study aims at comprehend-
ing the general public’s viewpoints and attitudes regarding the use of 360° video as
a whole as well as their utilization in educational settings through the lens of social
media. In that view, the main aims of this study are to analyze the public’s opinion
regarding the use of 360° video as well as their specific use in education through the
analysis of the publicly available and user-generated content on social media. Con-
sequently, 360° video, either on their own or in combination with other immersive
technologies, help students explore new interactive environments and perspectives
as well as experience emotions and situations which would be impossible otherwise.
When used in conjunction with XR technologies, contemporary virtual learning envi-
ronments, which enable students to experience and interact with virtual content, can
be created. These environments provide students with engaging, realistic and authen-
tic scenarios and experiences in which they can explore, interact and communicate
with virtual contents while simultaneously offering them a sense of embodiment and
a feeling of belonging (Kilteni et al., 2012). Therefore, 360° video can be regarded as
an innovative pedagogical practice which, when applied in educational settings, can
yield a number of merits and increase students’ overall engagement.
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Related work

Rupp et al. (2016) carried out a study in order to assess the immersiveness of educa-
tional 360° video as well as their future VR expectations on subjective experiences. Their
experiment involved sixty-three (63) participants (aged 18—30) who viewed a 360-degree
educational video from various devices having as a main goal to gain as much knowl-
edge as possible. They highlighted that immersive experiences might enhance the learn-
ing experience by increasing interest in the learning content. Their findings showcased
that the feelings of presence were greater when the experiences were more immersive.
However, they quoted that the novelty of such experiences might overwhelm learners
and lead to less information retention. Roche and Gal-Petitfaux (2017), investigated the
use of 360° video in physical education teacher education so as to describe preservice
teacher activity in a workshop. Particularly, they tried to pinpoint what kind of activity
the students would deploy while viewing 360° video and based on the chosen activity
which design would be the most useful for a video-enhanced teacher learning environ-
ment for learning to teach physical education. Their study followed the course-of-action
theory (Theureau, 2003) and was based on the hypothesis of situated action Suchman
1987 and situated cognition Hutchins 1995. Based on their results, 360° video consti-
tutes a novel way to utilize video in teacher training as it allows preservice teacher to
live an immersive experience. Finally, they quoted that designing 360° video enhanced
environments can lead to the development of immersive situations that work well for
learning to teach physical education but in order to comprehend the situation in depth,
360° video should utilize wide angles or points of view.

Aiming at reaping the benefits of 360° video in language learning, Berns et al. (2018)
developed an application which offers students an immersive and fully interactive learn-
ing environment. More specifically, in order to foster learners’ language competen-
cies, they looked into the potentials of chatbots and 360° video applications in creating
immersive experiences. A Technology Acceptance Model based questionnaire (Liu et al.,
2017) was used to assess their application effectiveness and gather information regard-
ing students’ learning experience and attitudes. Based on their results, students, in their
assessment, neither denied nor questioned the potentials of their application and had
a positive attitude towards it due to its attractiveness and impressiveness and not due
to the effect of novelty. With a view to evaluating the effect that 360 operative videos
have on information retention and attentiveness in surgical education, Harrington et al.
(2018) conducted a cross-over study in which they appraised 360° video in comparison
to two dimensional (2D) ones based on students’ perspectives. In total forty (40) preclin-
ical undergraduate students (mean age 23.2) took part in their experiments. Their results
showcased that compared to 2D video 360° video offered significantly higher engage-
ment and attentiveness benefits but there were no significant variances in information
retention. It is worth noting that the participants of this experiments expressed that
when it came to 360° video, the overall experience was more immersive and character-
ized it as both entertaining and beneficial to learning. Moreover, Hodgson et al. (2019),
examined the use of 360° video in immersive VR applications in higher education. Their
experiment involved students from two undergraduate courses that had adopted VR
as a classroom learning method. According to the results of their questionnaire, stu-
dents assessed 360° video and VR in a positive manner and expressed greater learning
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satisfaction while also experiencing more opportunities for professional skill rehearsal.
Finally, they pinpointed that interaction through these means interest and curiosity
can be promoted and professional competence reinforced. Aiming at comprehending
the impact that the incorporation of 360° video into class content and educational set-
tings have on students and teachers, McKenzie et al. (2019) presented an exploratory
case study regarding the use of 360° video in educational settings. More specifically, they
conducted experiments in the classroom using 360° video to determine if they have an
impact on students’ feelings of presence with class content as well as how the inclusion
of 360° video affects the teaching experience. In their study, they used both quantitative
and qualitative aspects. Their results showcased that 360° video can constitute an alter-
native immersive content presentation means for students as well as help them improve
their sense of presence. Additionally, they stated that these interactive and immersive
experiences might distract students’ attention from the teaching staff and the image
quality and file size that the given learning environment requires should be taken into
account. Finally, they stated that the small number of participants that viewed the 360°
video was a limitation to their study.

Violante et al. (2019) investigated the use of 360° video and interactive virtual tech-
nologies in engineering education. Their main aim was to assist in identifying a method-
ology for designing and using 360° video as interactive learning contents that encourage
greater student engagement. Moreover, they utilized a quantitative survey, in which
thirty (30) students (aged 20-24) participated, to rate students’ perceived levels of
engagement in regard to behavioral, cognitive and emotional engagement. According to
their results, the students evaluated the use of 360° video as highly immersive and engag-
ing and as a means that increased their involvement, initiation and action. In addition,
students also reported feeling more creative and less worried and being less distracted
as they focused and concentrated more on the contents of the 360° video. Finally, when
using 360° video, students expressed higher levels of interest, enjoyment and concentra-
tion which according to Shernoff et al. (2014) foster optimal learning. In their research,
Ulrich et al. (2021) presented reports regarding the use of 360° video in healthcare edu-
cation which involved a controlled experiment in which eighty-one (81) physiotherapy
students participated. Their approach used a 3 x 3 factorial design with three treatment
groups and measured their academic performance, the perceived user satisfaction and
their perception of learning climate. In order to assess academic performance, the stu-
dents were tested before and after each treatment while for the assessment of user sat-
isfaction and perception of learning climate the instrument presented in Chou and Liu
(2005) was adapted. According to their findings, there were no differences regarding the
academic results among 360° video, regular video and traditional teaching. However, in
regard to learning satisfaction as well as internal and external perspectives of the stu-
dents’ learning satisfaction, traditional teaching was equal or better than both 360° video
and regular video. Finally, they highlighted that even though 360° video offered more
presence compared to regular video, neither of them contained any interactivity which
resulted in them being either just as effective or outperformed by traditional teaching.

When it comes to 360° video, the way audiences process information may be affected
since it contains new audiovisual grammar (Dooley, 2017). With the aim of coping with
this issue, (Barreda-Angeles et al., 2020) went over the significance of the immersion in
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the audiences’ cognitive access to information which according to Dunaway and Soroka
(2021) is closely related to learning as it facilitates information acquisition and process.
In order to analyze how immersion affects information processing as well as the medi-
ating effects of arousal and presence, they conducted an experiment which included
psychophysiological and self-report methods and which involved thirty-seven (37) vol-
unteers (aged 19—-43). Their results showcased that immersive presentation of narrated
events through 360° video brought about feelings of presence and emotional arousal.
Finally, they highlighted that in order to create immersive narratives that not only inform
audiences but also engage them, a careful design of the overall experience would be of
great significance. Furthermore, Snelson and Hsu (2020) conducted a scoping review
through a systematic process to identify trends in peer-reviewed research journal arti-
cles about the emerging research of educational360-degree video in VR. With the aim
of displaying the extent and nature of research regarding 360° video as well as the gener-
ated educational benefits and drawbacks, they identified and analyzed twelve (12) arti-
cles that met their research criteria and which included nine (9) different content areas
that promoted immersive learning. Based on their results, the most important aspect of
360° video in education was immersiveness as every one of the involved studies included
some type of immersive VR experience. In addition, the results of a word frequency
query revealed that the word immersive or some variant was one of the most used words
within these articles. Thus, they indicated that the concept of immersiveness and the
role of VR are closely related to the use of 360° video in educational settings. In addition,
the results in relation to the effect of 360° VR video on learning were mixed but nonethe-
less, the learners showcased enjoyment throughout the whole experience. Finally, they
highlighted that the use of 360 VR video could be more beneficial and appropriate for
certain types of learning. Ranieri et al. (2020) conducted a systematic literature review
with the aim of identifying how 360° video is currently being used in different educa-
tional settings as well as the various issues and opportunities that occur. Based on their
results, even though 360-degree video is still at its infancy and there is a need for more
studies to be conducted, it can be used as a supplementary educational means which can
increase students’ satisfaction and involvement.

As the above-mentioned studies show, even though traditional teaching cannot
be fully replaced by technology, 360° video is a contemporary technology that can be
used to enhance the overall teaching and learning process. Due to its immersive nature
and the interactive experiences that 360° video offers, it can facilitate and enrich tradi-
tional teaching and can be used in blended learning approaches and methodologies (e.g.
flipped classroom) to further improve students’ immersiveness, engagement and overall
learning experience. Finally, when used in a student-centered way, 360° video can consti-
tute a vital educational tool that can meet the new educational needs and requirements.

The present study

Even though prior research looked into the usefulness of 360° video in various educa-
tional domains, there is a limited number of studies that compare 360° video with tra-
ditional teaching methods. Furthermore, despite the fact that most studies support the
positive effects that the use of 360° video brings in various sectors, still little is known
about the viewpoints and attitudes of the general public regarding its use in education.
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With a view to bridging this gap, the present study employed a social media data analysis
on public’s viewpoints and attitudes concerning 360° video as well as its use in educa-
tional settings. Before going on to present and analyze the used methodology and the
drawn results from the two (2) data sets of this study and in order for it to be better com-
prehended, it is vital to briefly go over the concept of social media.

Social media

As this study focuses on retrieving data from social media, it is essential to define social
media and their selection as our data source. Social media nowadays constitute an inte-
gral part of modern society. Social media enable users to create a network of personal
connections and are used to communicate, collaborate and interact within a common
information space as they offer features that increase awareness and support informal
communication and allow users to be involved in various social and interactive activi-
ties (Boyd and Ellison, 2007; Pallis et al., 2011). Having transparency, bottom-up com-
munication, collaboration, personalization and knowledge as well as information and
knowledge sharing as their foundations (Makkonen et al., 2019), social media platforms
are based on the ideological and technological foundations of Web 2.0 and promote
horizontal knowledge sharing (Kaplan and Haenlein, 2009; Zolkepli and Kamarulzaman,
2015). Additionally, social media are ruled by hybrid media logic (Gil de Zaniga et al.,
2017) and they can be considered as virtual communities (Dwyer et al., 2007) that foster
the fundamental motivation factors of a sense of belonging and socialization (Ozgiiven
and Mucan, 2013).

As social media enable users to create and publish content in various formats and
make it instantly available to the public, they have drastically changed how people share
and co-create information and knowledge, communicate and collaborate. Therefore,
social media have become a significant means for web content discovery, information
dissemination, debate as well as opinion and knowledge sharing. Finally, due to the sheer
amount of user generated and opinionated publicly available content within social media
networks, social media can be utilized to conduct data analyses in order to comprehend
the wisdom of the crowd regarding specific matters. For all these reasons, we opted to
use social media and Twitter in particular as a fundamental tool of this study in order to
comprehend the public’s viewpoints regarding the use of 360° video as a whole and their
utilization in educational settings.

Methodology

In order to meet the requirements, answer the main research questions and fulfill the
aims of this study successfully, the methodology described below, which is also displayed
on Fig. 1, was followed:

+ Data requirements: As data quality affects the analysis drastically and consequently
the conclusions drawn, the high quality of data is significant. In order to ensure data
validity, accuracy, completeness, consistency and uniformity, specific aims were set
regarding the data retrieval, collection, analysis and visualization processes such as
the selection of time periods, variables, sources etc.
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Fig. 1 Methodology

+ Data collection: In order to get the public’s viewpoints and attitudes regarding
360° video as well as its use in educational settings, the Twitter social networking
service was used. After testing various keywords both separately and in combina-
tion, we resulted in using the keywords 360video, 360 degree video, 360-degree
video, 360° video to acquire public’s opinion on 360° video and the same key-
words were used in combination with the keywords education, university, higher
education, professional development, school to obtain their viewpoint on the
specific use of 360° video in education. For the study use case, data from Twitter
over the period of January 2010 to December 2020 was collected. In total, 691,714
tweets regarding the 360° video were collected out of which 4721 tweets corre-
sponded to the public’s opinion on the use of 360° video in educational settings.
It is worth noting that only tweets that contained either one of the keywords for
the first data set or a combination of them for the second one got retrieved. In
this way, we could be certain that the tweets referred to the technology of 360°
video. Moreover, all the publicly available information was stored for each tweet.
That is, id, permalink, date, author_id, username, location, text, hashtags, men-
tions, urls, retweets and replies. It is evident that users’ private information or
information that they chose not to share publicly cannot be retrieved.

» Data processing, cleaning and storage: In order to create clean data sets, the col-
lected data was processed. More specifically, the text was converted into lower-
case and the punctuations, single characters, URLs and stop-words were omitted
where necessary and the abbreviated words were expanded. Both data sets which
included the retrieved tweets were stored in Comma-separated Values (CSV)
files as well as in JavaScript Object Notation (JSON) format files to enhance the
overall usability, flexibility and extensibility.

+ Data analysis and visualization: After creating the two data sets, data analysis was
conducted (a) on an annual basis and (b) throughout the period of January 2010—
December 2020 as a whole. For the data visualization process, the results of the
data analysis were showcased through graphs which were specifically generated
for each of the following cases: total number of tweets, most frequently used
words, most frequently used hashtags, most frequently used mentions, most
active users, tweets per given interval and tweets per country.

Page 9 of 24
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Sentiment analysis

Sentiment analysis is widely applied in order to analyze and better identify and com-
prehend crowd sentiment regarding specific matters. Particularly, it is contextual text
mining which identifies and extracts subjective information and affective states in source
material through the use of Natural Language Processing (NLP), computational linguis-
tics, biometrics and text analysis. Sentiment analysis can be regarded as the interpre-
tation and classification of emotions within text data. Two different sentiment analysis
methods, namely polarity and emotional detection, were used for the purposes of this
case study. More specifically, in order to identify the crowd’s basic viewpoints (e.g. posi-
tive, negative or neutral) regarding the main research questions, basic polarity detec-
tion, that is binary text classification, was conducted. The open-source library TextBlob
was used as a basis for the lexicon-based sentiment analysis (Loria et al., 2014) and its
results were further validated through the use of Valence aware dictionary for sentiment
reasoning (VADER) which is a rule-based tool for social media text sentiment analysis
(Hutto and Gilbert, 2014). Moreover, with a view to detecting the sentiment of the pub-
lic in line with the main research questions, emotion detection was also performed. In
particular, the emotion analysis was based on Plutchik’s wheel of emotions which pre-
sents eight (8) basic emotions which come in pairs and the opposite emotions cannot be
felt simultaneously (Plutchik and Kellerman, 1980; Plutchik, 1984). The emotions along
with their pairings are: joy and sadness, acceptance and disgust, fear and anger as well
as surprise and anticipation. Furthermore, the latest National Research Council Canada
(NRC) Word-Emotion Association Lexicon (EmoLex) (Mohammad and Turney, 2010;
Mohammad and Turney, 2013; Mohammad, 2020) was used as a basis for the lexicon-
based sentiment analysis for emotion detection. The NRC emotion lexicon constitutes a
list of English words along with their associations with the eight (8) basic emotions and
two (2) sentiments.

Tools used
The whole code and all scripts developed for the purposes of fulfilling this task were
based on the Python programming language (version 3.8) which is an interpreted,
object-oriented, high-level programming language with dynamic semantics. PyCharm
was selected as the open-source integrated development environment (IDE). Addition-
ally, in order to retrieve the related data, in our case tweets, the Twitter API was used.
With a view to increasing the overall usability, flexibility and extensibility, the retrieved
data was stored in both CSV and JSON files. For the purposes of data visualization, the
open-source python library Matplotlib was used (Hunter, 2007). Finally, both TextBlob
and EmoLex, which were presented earlier, were used to conduct sentiment analysis.

Developing a new machine learning model to conduct sentiment analysis was outside
the scope of this specific study. For that reason and as above mentioned regarding the
sentiment analysis, TextBlob and VADER were selected for the polarity detection while
EmoLex was used in order to conduct emotion detection. It is worth noting that all the
tools and libraries used for this study are open-source.

As TextBlob is rule-based, a pre-defined set of categorized words is required. For the
purposes of this study, the widely used, verified and accepted Natural Language Toolkit
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(NLTK) database was used which contains a dictionary of words and their respective
sentiment scores. Additionally, for each polarity task TextBlob provides a float within
the range of [— 1.0, 1.0] with — 1.0 meaning a negative polarity, 1.0 a positive one while
0 refers to a neutral state. Several other studies such as (Ahuja and Dubey, 2017; Saha
et al,, 2017; Manguri et al., 2020) have also used TextBlob to successfully carry out senti-
ment analysis for Twitter data. To further evaluate and verify the results, VADER which
is both a lexicon and a rule-based analysis tool was used. VADER, which is particularly
useful for carrying out sentiment analysis on social media data, contains labeled lexical
features based on their semantic orientation and utilizes them in order to calculate the
text sentiment. Based on these, it calculates the probability of a given sentence, in our
case tweet, to be either positive, negative or neutral. Several studies such as (Ramteke
et al., 2016; Park and Seo, 2018; Elbagir and Yang, 2019) utilized this open-source tool
to conduct similar analyses. Furthermore, as the emotion analysis is based on the eight
basic emotions presented in Plutchik’s wheel of emotions, EmoLex was selected. In par-
ticular, the EmoLex lexicon constitutes a list of words along with their associations with
the eight (8) basic emotions and two (2) sentiments. Due to its vast usability and popu-
larity, it has been translated into more than one hundred languages. Through the studies
that have utilized it, it has been showcased that a majority of affective norms remain
stable across languages. Various studies such as van den Broek-Altenburg and Atherly
(2019), Corazza et al. (2020) and Mathur et al. (2020) have used EmoLex as a tool to
conduct sentiment analysis using tweets. In all cases, the sentiments and emotions are
calculated based on the frequency of words in each sentence as well as the semantic rela-
tions. Consequently, more precise and accurate results are generated.

Results

With a view to answering our main research questions and understanding the crowd
wisdom on these specific matters, the above-mentioned methodology was used and two
separate data sets containing Twitter data which was retrieved from January 2010 to
December 2020 were created. The first data set contained a total of 691,714 data entries
(tweets) regarding the public’s viewpoints and attitudes towards 360° video while the
second one consisted of 4721 data entries concerning the public’s viewpoints on the
use of 360° video in education. Our analysis results include tables, figures, graphs, word
clouds, plots and diagrams. The information of both data sets was examined (1) as a
whole and (2) on an annual basis. Particularly, the most frequently used words (with and
without keywords), hashtags and mentions in the relevant tweets were analyzed. Addi-
tionally, the number of tweets made per each year and month as well as the countries
that tweeted the most about the relevant topics were analyzed. Finally, polarity and emo-

tion detection sentiment analyses were carried out.

General use of 360° video
The results regarding the public’s opinion on 360° video from January 2010 to December
2020 are presented below:

Word frequency analysis with keywords: The top-40 most commonly used words
including keywords are displayed on Table 1 from which the top-5 words were: video,
360, virtual reality (vr), 360-degree and 360-video.
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Table 1 Frequency of the top-40 most commonly used words within the tweets including
keywords in the years of 2010-2020

Word Frequency Word Frequency Word  Frequency Word Frequency
video 641,725 via 50,166 reality 19,387 tour 13,980
360 433,636 degree 48,154 check 19,317 immersive 13,520
virtualreality (vr) 120,070 facebook 40,478 news 18899 app 13,313
360-degree 117,838 live 37,176 4k 18,328 look 13,082
360video 109,505 like 33,350 liked 18,261 show 12,536
xbox 101,836 camera 31,846 see 16,763 tech 12,240
youtube 93,930 watch 28,873 work 15,909 set 12,073
game 83,777 experience 23,869 get 14,925 marketing 11,925
360° 77,713 virtual 22,619 take 14,716 complete 11,722
new 53,956 first 21,573 launch 14,546 amazing 11,383

Table 2 Frequency of the top-40 most commonly used words within the tweets excluding
keywords in the years of 2010-2020

Word Frequency Word Frequency Word Frequency Word Frequency
virtualreality (vr) 120,070 watch 28,873 get 14,925 marketing 11,925
xbox 101,836 experience 23,869 take 14,716 complete 11,722
youtube 93,930 virtual 22,619 launch 14,546 amazing 11,383
game 83,777 first 21,573 tour 13,980 twitter 10,974
new 53,956 reality 19,387 immersive 13,520 3d 10,940
via 50,166 check 19,317 app 13,313 support 10617
facebook 40,478 news 18,899 look 13,082 one 10,601
live 37,176 4k 18,328 show 12,536 make 10,437
like 33,350 see 16,763 tech 12,240 use 10,377
camera 31,846 work 15,909 set 12,073 microsoft 10,250

Word frequency analysis without keywords: The top-5 most commonly used words
excluding keywords were: virtualreality (vr), xbox, youtube, game and new. The
results of the top-40 most commonly used words excluding keywords are displayed
on Table 2.

Hashtag frequency analysis: The top-40 most commonly used hashtags are pre-
sented in Table 3 from which the top-5 were: #360video, #VR, #360Video, #Virtual-
Reality and #360.

Mention frequency analysis: The top-4 most commonly used magazine, manufac-
turer and social media mentions for each year are displayed on Table 4.

Frequency of tweets over the period of 2010-2020: the frequency of the monthly
and annual tweets over the years 2010—-2020 are presented in Table 5.

Country frequency analysis: As users are free to set the details about the country
private, which is also the default option in Twitter, it is not possible to retrieve this
specific information from all users. More details about this issue will be provided in
the challenges and limitations subsection further below. For that reason and although
it might not be completely representative of the whole data set, the top-5 countries
that tweeted the most based on the country data that we managed to collect were: the
United States, India, Japan, Canada, and Australia.
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Table 3 Frequency of the top-40 most commonly used hashtags within the tweets in the years of

2010-2020

Hashtag Freq. Hashtag Freq. Hashtag Freq. Hashtag Freq.
#360video 83,179 fvr 9139 #Xbox 3497 #Photography 2356
#VR 57,657 #video 9131 #immersive 3396 #360camera 2208
#360Video 26413 #4K 7875 #socialmedia 3391 #SocialMedia 2159
#VirtualReality 20,267 #virtualreality 7244 #Facebook 3369 #VR360 2140
#360 11416 #Video 7188 #Game 3001 #theta360 2124
#Beautiful 9312 #ttech 6023 #YouTube 2926 #Welcome 1990
#0cean 9312 #AR 5639 #VRvideo 2828 #Tech 1954
#Scubadiving 9297 #technology 4476 #marketing 2659 #photography 1926
#EUMIVR 9296 #VRVideo 3581 #360vr 2558 fart 1919
#EUMI 9296 #3D 3570 #news 2546 #GoogleDoodle 1903

Table 4 Frequency of the most mentioned social media platforms, magazines and manufacturers
throughout the years of 2010-2020

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Social media platforms

@YouTube 24 189 384 367 433 10,123 21,665 14206 10669 2020 1470 61,550
@Facebook 2 0 0 0 1 307 426 188 29 9 3 965
@Twitter 0 0 0 0 0 6 168 m 6 3 2 299
@Vimeo 1 0 1 0 3 44 54 172 Il 7 2 295
@LinkedIn 0 0 0 1 0 38 68 43 1 2 2 155
@instagram 0 0 0 0 0 1 21 10 9 3 0 44
Magazines

@TechCrunch 0 3 62 1 4 252 744 232 43 3 0 1344
@nytimes 0 0 0 0 1 31 259 477 65 6 6 845
@WIRED 0 0 0 2 0 182 176 107 5 6 485
@USATODAY 0 0 0 3 0 161 173 36 1 0 381
Manufacturers

@VuzeCamera 0 0 0 0 0 1 47 640 491 32 5 1216
@GoPro 0 0 3 137 73 230 244 106 105 85 80 1063
@insta360 0 0 0 0 0 1 46 209 188 183 129 756
@oculus 0 0 0 6 32 69 67 40 57 41 25 337

Sentiment analysis—polarity detection: According to the polarity detection, the
majority of the tweets was neutral (46.5%) followed by positive (39.4%) while only
14.1% of the tweets was negative when using TextBlob while 53.72% neutral, 37.2%
positive and 9.08% negative when utilizing VADER. The related results for each year
are presented in Table 6.

Sentiment analysis—emotion detection: According to the analysis, the emotion
frequency based on the most intense emotion of each tweet was: 53.39% Neutral
(369,304 tweets), Anticipation 18.58% (128,505 tweets), Trust 7.55% (52,240 tweets),
Anger 6.75% (46,703 tweets), Joy 5.59% (38,686 tweets), Fear 4.17% (28,818 tweets),
Sadness 2.12% (14,641 tweets), Surprise 1.09% (7520 tweets) and the related results
for each year are depicted on Table 7.
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Table 5 Monthly and annual tweets over the years 2010-2020

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

January 2357 3753 2085 967 1575 2701 12,192 15401 6171 3756 2152
February 1043 1528 1406 844 3420 1194 19384 11951 7625 2863 2078

March 1456 1409 1868 965 3303 6529 17,753 15365 6607 3356 2321
April 1550 2185 2341 870 3930 1472 31382 17818 5220 3311 2100
May 1468 2058 1081 1748 1617 3197 21,446 12442 7352 2773 2068
June 1877 2559 1479 897 1398 7812 22,833 9999 4905 2558 2174
July 1144 1615 1187 1010 2441 10,007 17,724 10093 5962 2551 2031
August 1077 1313 1012 1492 1405 5803 20465 9747 4772 2651 2010

September 923 1547 903 2123 1721 18,110 13,685 8321 4498 2395 1845
October 2348 2019 917 1921 4498 10,338 15088 9061 4226 2609 1966

November 1531 1705 2802 2097 2269 11,567 16,799 8524 4371 2464 1538
December 1402 1658 3581 2241 2487 13,168 22,875 7450 3495 2272 1546
Total 18176 23,349 20662 17175 30064 91,898 231,626 136,172 65204 33,559 23,829

Table 6 The polarity frequency of the tweets over the years 2010-2020

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Using TextBlob

Positive 6301 6910 5934 3797 9984 38516 88959 60,158 28,726 13,747 9527 272,559
Negative 6888 8596 4980 8722 10989 7426 29815 10,681 4718 2716 2182 97,510
Neutral 5187 7843 9748 4656 9091 45959 112,852 65333 31,760 17,096 12,120 321,645
Using VADER

Positive 7380 7823 6722 5006 8068 35435 77,865 51,210 28556 17,095 12,151 257311
Negative 2535 3573 2502 2355 3527 8637 20,154 10454 4654 2634 1774 62,799
Neutral 8261 11,953 11,438 9814 18469 47,826 133,607 74508 31,994 13,830 9904 371,604

Use of 360° video in education

Based on the keywords used, a total of 4721 tweets were collected. As we wanted to
eliminate the chance that the content of a tweet related only to a specific 360° video,
meaning that the users’ sentiment will be based on the content of the video and not
on the technology itself, we manually applied more filters. As a result, a total of 3,241
tweets were used for the data analysis. The results regarding the public’s opinion on
360° video in education from January 2010 to December 2020 are:

Word frequency analysis with keywords: The top-5 most commonly used words
including keywords were: video, 360, education, virtualreality (vr) and school. The
results of the top-40 most commonly used words are displayed on Table 8.

Word frequency analysis without keywords: The top-40 most commonly used words
excluding keywords are presented in Table 9 from which the top-5 were: virtualreality
(vr), youtube, reality, weekly and technology.

Hashtag frequency analysis: The top-40 most commonly used hashtags are dis-
played on Table 10 from which the top-5 were: #360video, #education, #VR, #tech-
nology and #immersive.

Frequency of tweets over the period of 2010-2020: The frequency of the monthly
and annual tweets over the years 2010—-2020 are presented in Table 11.
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Table 7 Emotion frequency based on the most intense emotion of each tweet for each year over
the years 2010-2020

Joy Trust Fear Surprise  Sadness Disgust Anger Anticipation Neutral
2010 790 1407 676 199 874 172 1753 2910 9395
2011 975 1302 1044 247 873 186 2718 3685 12,319
2012 749 1694 789 230 484 103 1505 3926 11,182
2013 425 777 1004 161 686 219 1861 2458 9584
2014 1355 1882 1746 172 848 245 3021 3669 17,126
2015 8877 4900 4307 624 1827 377 5760 15,575 49,651
2016 10820 17397 9908 2672 5177 1833 13,738 45237 124,844
2017 6778 9997 4674 1428 1866 1056 9497 29,271 71,605
2018 3682 7603 2590 1046 1129 543 4238 11,641 32,732
2019 2459 2976 1315 424 511 287 1531 6158 17,898
2020 1776 2305 765 317 366 276 1081 3975 12,968
Total 38686 52,240 28818 7520 14,641 5297 46,703 128,505 369,304

Table 8 Frequency of the top-40 most commonly used words within the tweets including
keywords in the years of 2010-2020

Word Freq. Word Freq. Word Freq. Word Freq.
video 2423 immersive 434 educationtech 302 spotlight 228
360 1860 youtube 406 360-degree 301 releases 222
education 1336 story 331 shortfilmsubscribe 301 bbc 212
virtualreality (vr) 1,305 travel 314 newsletter 300 spainindie 182
school 1057 entertainment 313 virtual 286 new 172
360video 1007 360camera 310 360° 270 excited 160
university 534 vlog 307 via 266 classtechtips 160
reality 523 360photo 305 edtech 252 degree 159
weekly 493 nutshell 303 student 245 film 149
technology 441 photooftheday 303 creator 233 high 146

Table 9 Frequency of the top-40 most commonly used words within the tweets excluding
keywords in the years of 2010-2020

Word Freq. Word Freq. Word Freq. Word Freq.
virtualreality (vr) 1305 vlog 307 student 245 high 146
youtube 555 360photo 305 creator 233 check 131
reality 523 nutshell 303 spotlight 228 take 124
weekly 493 photooftheday 303 releases 222 learn 123
technology 441 educationtech 302 bbc 212 news 116
immersive 434 shortfilmsubscribe 301 spainindie 182 experience 110
story 331 newsletter 300 new 172 tour 109
travel 314 virtual 286 excited 160 watch 101
entertainment 313 via 266 classtechtips 160 3d 100
360camera 310 edtech 252 film 149 camera 98

Country frequency analysis: As mentioned above, due to the limitation that the country

field is a private one, the results of this category might not fully represent the entire data

set. Nevertheless, based on the collected data, the top-5 countries that tweeted the most
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Table 10 Frequency of the top-40 most commonly used hashtags within the Tweets in the years of

2010-2020

Hashtag Freq. Hashtag Freq. Hashtag Freq. Hashtag Freq.
#360video 859 #entertainment 305 #Education 102 #VRstudio 48
#education 655 #360photo 305 #vr 96 #VRcompany 47
#VR 406 #Travel 303 #3D 61 #WhiteHouse 47
#technology 390 #photooftheday 303 #VRheadset 59 #youtube 45
#immersive 375 #shortfilmSUB. 301 #360 58 #entrepreneur 44
#tech 336 #newsletter 295 #VRexperience 56 #code 44
#XR 309 f#tedtech 235 #Creative 54 #twitchtv 43
#360camera 309 #virtualreality 203 #AR 52 #unity3d 43
#VirtualReality 306 #Spainindie 172 #VRvideo 52 #VRpainting 43
#vlog 306 #360Video 162 #VRnews 49 #tgamer 43

Table 11 Monthly and annual tweets over the years 2010-2020

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

January 0 2 1 5 1 2 19 106 41 38 89
February 0 7 0 0 3 1 87 42 58 38 92
March 1 0 2 0 0 2 40 66 62 26 29
April 0 0 1 1 7 4 32 105 41 38 6
May 1 7 5 0 0 7 150 54 70 26 34
June 2 7 2 1 0 5 76 48 58 35 40
July 7 3 2 4 3 12 32 36 69 27 21
August 0 5 1 0 2 1 46 47 47 21 33
September 0 0 1 0 2 13 53 69 54 27 17
October 66 1 0 0 12 7 30 120 52 33 19
November 5 0 0 0 3 12 42 55 29 98 20
December 1 2 0 0 2 11 37 74 33 79 10
Total 83 34 15 1 35 87 644 822 614 486 410

about the educational use of 360° video were: Spain, the United States, Canada, Australia
and India.

Sentiment Analysis—Polarity Detection: Based on the results of the polarity detection, the
majority of the tweets was neutral (54.3%) followed by positive (39.68%) while only 6.02%
of the tweets was negative when using TextBlob while 47.24% positive, 46.65% neutral and
6.11% negative when utilizing VADER. The related annual results are depicted on Table 12.

Sentiment analysis—emotion detection: According to the analysis, the emotion fre-
quency based on the most intense emotion of each tweet was: Neutral 30.39% (985
tweets), Trust 29.96% (971 tweets), Anticipation 25.52% (827 tweets), Joy 4.6% (149
tweets), Surprise 3.3% (107 tweets), Anger 2.68% (87 tweets), Fear 2.41% (78 tweets),
Sadness 0.62% (20 tweets) and Disgust 0.52% (17 tweets) and the related results for each
year are presented in Table 13.

Discussion

The aim of the present study was to comprehend the general public’s viewpoints and
attitudes towards 360° video overall while also putting emphasis on the application
of 360° video in education. With a view to providing a more complete overview and
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Table 12 The polarity frequency of the tweets over the years 2010-2020

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Using TextBlob

Positive M 18 8 5 23 37 198 323 345 196 122 1286
Negative 10 9 1 3 3 4 61 19 32 14 39 195
Neutral 62 7 6 3 9 46 385 480 237 276 249 1760
Using VADER

Positive 5 23 6 5 12 43 210 267 318 343 299 1531
Negative 68 0 0 0 6 4 36 31 23 15 15 198
Neutral 10 1 9 6 17 40 398 524 273 128 96 1512

Table 13 Emotion frequency based on the most intense emotion of each tweet for each year over
the years 2010-2020

Joy  Trust Fear  Surprise Sadness Disgust  Anger Anticipation Neutral

2010 0 67 7 0 0 0 0 4 5
2011 1 19 0 0 0 0 0 14 0
2012 0 9 0 0 0 0 0 3 3
2013 0 8 0 0 0 0 0 0 3
2014 2 15 1 0 0 0 6 5 6
2015 6 36 0 0 0 0 1 14 30
2016 22 195 19 8 4 10 24 220 142
2017 24 261 9 66 2 1 19 210 230
2018 49 169 23 26 2 2 16 184 143
2019 34 83 11 2 3 3 15 105 230
2020 11 109 8 5 9 1 6 68 193
Total 149 971 78 107 20 17 87 827 985

a clearer depiction of the public’s opinions regarding 360° video, the study examined
the related data of the last decade. This time period was selected as several advance-
ments have been accomplished and the specific technology has been more accessible
and more widely used.

Based on the results, an increasing interest in 360° video was noticed in September
2015 and afterwards and more specifically on 23/9/2015 when Facebook introduced
360° video on their platform. The highest number of tweets was observed during
December 2016 and particularly on 28/12/2016 when 360° video was also introduced
on Twitter. Moreover, it was observed that 360° video is highly associated with social
media, immersive experiences and contemporary technologies such as virtual reality
and 4k videos. YouTube was by far the most mentioned account within the tweets.
Additionally, in both cases the analysis also revealed that there were tweets about
360° video from all five continents, suggesting a worldwide spread of its use.

Regarding the general use of 360° video, the results of the social media data analysis
suggested that 360° video is used worldwide and positive emotions, such as anticipa-
tion and trust, are associated with it. The majority of the activities related to 360°
video were recreational (e.g., gaming, scuba diving) and YouTube was the most popu-
lar social media platform used to present 360° video. Moreover, based on the polarity
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analysis, the majority of people were either positive or neutral about the use of 360°
video with only a very small number being negative. Therefore, it can be said that the
majority of people found 360° video as a useful daily tool.

The results concerning the use of 360° in education showed that the majority of peo-
ple positively viewed 360° video as an educational tool. Based on the emotion detection,
360° video was considered to be intriguing and useful for educational purposes as people
expressed joy, anticipation and trust when referring to it. Once again, YouTube was the
most mentioned social media platform. This fact demonstrates its popularity for educa-
tional purposes. Furthermore, words and hashtags relevant to immersion were widely
associated with the use of 360° video in education which reinforces the aspect that 360°
video can be used in conjunction with immersive technologies such as augmented real-
ity and virtual reality to create more interactive, fun and engaging experiences.

At this stage, it should be said that although there is a small difference between the
results of the two tools used to conduct sentiment analysis caused by their using differ-
ent sentiment scores, the majority of the sentiments followed the exact same order in
both cases. This fact further validates the method, tools and results of this study.

Overall, this study in line with previous research evidence demonstrated that the pub-
lic has a positive view and attitude towards 360° video in everyday life and in education.
Furthermore, the results of previous studies suggest that students rated high in satisfac-
tion and immersiveness lessons that had incorporated 360° video and reported positive
attitudes (Harrington et al., 2018; Hodgson et al., 2019; Liu et al.,, 2010). Therefore, it can
be said that the results of the sentiment analysis seem to also reflect students’ learning
experiences when 360° video was used as an educational tool.

Similar to traditional teaching, 360° video can assist in improving students’ compre-
hensibility, promote their active participation, creativity and engagement (Coller and
Shernoff, 2009) and increase their concentration and enjoyment, fostering thus optimal
learning conditions (Shernoff et al., 2014). However, 360° video provides a higher level
of interactivity and immersiveness which is essential for the educational process to be
effective (Zhang et al., 2006). This type of interactivity in combination with higher levels
of satisfaction experienced in lessons that incorporate 360° video is expected to increase
students’ engagement in the class. Engagement is a prime contributor to learning, teach-
ing and academic success (Appleton et al., 2006; Fredricks et al., 2004; Wang and Hol-
combe, 2010). Therefore, creating immersive and interactive experiences through 360°
video that promotes students’ active participation and engagement is of great signifi-
cance. Consequently, interactive design approaches which increase the positive aspects
of the user experience and decrease the negative ones should be adopted (Preece et al.,
2015) as they will increase students’ development and academic performance in the long
run. Thus, the effective use of 360° video can constitute an alternative method of learn-
ing and teaching as it offers an immersive experience and seems to be more attractive to
and favorably received by students (Huang et al., 2010; Olmos et al., 2018).

Concerning education, which is the focus of the present study, students are able to
comprehend abstract concepts more easily within interactive three-dimensional (3D)
virtual environments (Fernandez, 2017). As mentioned above and as our results show-
cased, there is a close relationship between virtual reality and 360° video. When these
technologies are combined, immersive experiences that could further enhance the
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positive learning outcomes could be developed. Particularly, virtual reality enables users
to be immersed in virtual environments and as a result, it reinforces students’ feeling
of immersion and engagement by allowing them to interact and communicate with the
virtual world and its contents (Berns et al., 2018) while also inducing their emotions
(Riva et al., 2007). Virtual reality is regarded as an appropriate for pedagogical purposes
technology (Mikropoulos and Natsis, 2011). Therefore, 360° video can capitalize on the
numerous educational benefits that virtual reality offers (Merchant et al., 2014), such as
real-time feedback (Sherman and Craig, 2018) and opportunities to practice professional
skills (Hodgson et al., 2019).

Finally, it is worth noting that a large number of social media tweets were neutral.
Thus, it can be inferred that the general public are either unaware of the benefits of using
360° video in the educational process. As we cannot be certain about the occupation
of the people who tweeted, we could speculate that in the case of educators a lack of
technical skills or of the appropriate equipment and experience to develop educational
material based on 360° video could be another reason. All in all, the usefulness and effec-
tiveness of 360° video as educational tools should be further promoted by educational
authorities and policy makers in order to integrate it into existing curricula and secure
resources for the development of educational 360° video as it can constitute an invalu-
able educational tool that can be applied in all levels of education.

Challenges and limitations

Despite the specific methodology being widely used in analyzing social media data as it
has been showcased in earlier sections, there still remain some challenges and limita-
tions. The main challenges in our study were (a) defining the most suitable time period
during which the text retrieval should be carried out and data should be analyzed, (b)
selecting the most effective social media platform which would generate the most accu-
rate data and (c) overcoming the various limitations that the official Twitter API sets.
Additionally, with a view to providing more cohesive results, some limitations were set
such as limiting the text mining to tweets that were written in English.

Nonetheless, there are some inherent limitations. Due to privacy and security man-
ners, several data fields are regarded as private personal data in Twitter and cannot be
retrieved unless made publicly available by the user. This is the case for the field of occu-
pation. For that reason and although it would be particularly constructive, retrieving,
identifying and distinguishing the occupation of each person who tweeted was not fea-
sible. As mentioned above, the same applies for the country field. Even though some of
the tweets contained this information and despite the fact that the data was normalized
later, we do not believe it reflects the actual numbers and therefore, only the top-5 most
common countries for each data set were mentioned.

Finally, although the specific methodology and tools used allowed for the retrieval
of social media posts that solely contained text regarding 360° video, there are still
some limitations regarding their sentiment analysis. In particular, as this analysis
method examines the text of each post, it could be possible that in some cases the
concluded sentiment and emotion were a result of the specific content of a video and
not of the technology in itself. Even though this is a common phenomenon in similar
studies, we tried to limit its impact by manually filtering the retrieved data to include
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only the data directly related to the technology of 360° video in education in the case
of the educational data set.

Conclusions

The technology of 360-degree video is becoming more and more popular. As previous
studies showcased, 360° video increases immersiveness and can be applied in vari-
ous domains and use cases. Moreover, emphasis is being put on the education field,
as 360° video can help satisfy the new and upcoming educational needs. However, so
far, we have had no evidence on the informal evaluation of 360° video from people
using it in their everyday life and in education. This study analyzed the results of the
last decade regarding the public’s viewpoints and attitudes towards 360° video and
its use in educational settings and its results are in line with those of previous stud-
ies. Particularly, this study highlighted that the public perceive 360° video in a posi-
tive manner while mostly expressing anticipation, trust and joy when referring to it.
Nonetheless, the majority of teachers of all educational levels might not yet be famil-
iar with 360° video or have the necessary technical skills or equipment to develop
educational material using it or incorporating it into their teaching activities. There-
fore, efforts should be made to inform the educational community about the benefits
of using this learning approach and how to integrate it into the existing teaching cur-
ricula. According to existing evidence and public viewpoints and attitudes identified
in the present study, 360° video can constitute an invaluable educational tool which
can boost academic performance.

To sum up, due to the auditory and visual immersion 360° video offers, it may help sat-
isfy students’ emerging needs and meet the new educational requirements successfully
and thus resulting in more effective learning. Particularly, 360° video can be regarded
as a useful means that creates richer virtual experiences and as a complementary edu-
cational tool that can enrich the teaching and learning process as well as promote and
enhance students’ motivation, engagement and enjoyment. Due to its interconnected
nature, 360° video can be used in conjunction with several other technologies such as
virtual reality and augmented reality as well as with innovative learning approaches and
methods e.g. gamification, flipped classroom, digital story telling etc. to provide several
educational benefits and improve the overall learning and teaching process. Therefore,
it may play a vital role in education in the near future. Finally, to better assess the effec-
tiveness of 360° video in education, future studies should highlight the role of educators,
teachers and students and involve them in the development process in an active way so
as to create more personalized and student-centered experiences and environments and

to achieve primal results.
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