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Abstract: In recent years, interest in video game live streaming services has increased as a new
communication instrument, social network, source of leisure, and entertainment platform for
millions of users. The rise in this type of service has been accompanied by an increase in re-
search on these platforms. As an emerging domain of research focused on this novel phenom-
enon takes shape, it is necessary to delve into its nature and antecedents. The main objective of
this research is to provide a comprehensive reference that allows future analyses to be ad-
dressed with greater rigor and theoretical depth. In this work, we developed a meta-review of
the literature supported by a bibliometric performance and network analysis (BPNA). We used
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) protocol
to obtain a representative sample of 111 published documents since 2012 and indexed in the
Web of Science. Additionally, we exposed the main research topics developed to date, which
allowed us to detect future research challenges and trends. The findings revealed four special-
izations or subdomains: studies focused on the transmitter or streamer; the receiver or the au-
dience; the channel or platform; and the transmission process. These four specializations add
to the accumulated knowledge through the development of six core themes that emerge: moti-
vations, behaviors, monetization of activities, quality of experience, use of social networks and
media, and gender issues.

Keywords: live video streaming; video game live streaming; literature review; bibliometric;
communication process

1. Introduction

Video games go beyond being a simple hobby linked to young people and ado-
lescents; instead, they have become a new form of adult leisure activity commonplace
in contemporary society [1]. They comprise an independent industry within the cul-
tural sector, generating ever-greater revenues and yielding a sophisticated product at
the philosophical, sociological, aesthetic, cultural, or narrative level [2,3]. Their re-
markable evolution over time has seen them go from being simple games primarily
played alone to becoming products that allow millions of users to socialize and share
experiences online [4,5]. Video games are currently undergoing a genuine transfor-
mation thanks to two relatively recent and interconnected phenomena: the profes-
sionalization of gaming through e-sports [6], and the viewing of live content through
live streaming services [7-9]. Recent years have witnessed the expansion of the video
game live streaming industry and the emergence of new platforms that offer this type
of service, most notably Twitch [10].
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The first academic papers on video game live streaming were relatively new. Li
et al. [11] and Hamilton et al. [12] pointed to the analysis carried out by Kaytoue et al.
[13] as an early contribution to the literature. In turn, that study highlighted others
that have tied the phenomenon to the rise of social television [14], or the success of
platforms such as YouTube [15]. These pioneering studies offer an understanding of
this new form of leisure activity. However, perhaps due to the relative recency of the
related academic literature or the markedly interdisciplinary nature of the phenome-
non, there is currently a degree of confusion surrounding the different terms and def-
initions used to refer to the same activity. For example, Zheng et al. [16] use the term
crowdsourced live game video streaming (CLGVS) to refer to platforms that allow a
mass audience to receive or stream content from other sources, combining
crowdsourcing technology with live video game streaming. Gros et al. [17] and Zim-
mer et al. [18] emphasized the social functions of the platforms using the term social
live streaming services (SLSSs) to refer to a new type of social network with specific
features such as synchronization, real-time streaming, viewer—streamer interaction,
and a rewards system. For their part, Ma et al. [19] underlined the interactivity of the
service using the term live broadcast with community interactions to highlight the
combination of high-quality video game graphics, real-life activities captured by
webcam and open chat channels for viewers to interact with each other or with the
streamer. Conversely, Barman et al. [20] referred to such services as passive gaming
video streaming, thereby distinguishing them from interactive cloud applications
used by gamers to play online, and underscoring the apparently passive role of the
viewer when watching others play. More recently, the first review to specifically focus
on the behavior of users of video game live streaming services defined them as “a form
of media integrating the public, communities, interaction, and passivity, while bridging the
gap between online games and traditional video media (such as TV)”, and regarding the
content, stated that “video game live streaming is defined as a network broadcast with ‘online
games’ as the specific content” [11].

Besides the definition or terminology used, there are certain common features
that have emerged in most of the related publications to date. One is the importance
of the process of communication for understanding the phenomenon of video game
live streaming; another is the central role played by the activity of video games,
whether active participation—development and streaming—or passive—watching
without taking part [20]. The present study aims to explore in more depth the emerg-
ing domain of research on video game live streaming. To do so, we take as our starting
point the main elements represented in the mathematical theory of communication
[21]. We propose a theoretical framework, which we use to classify the existing liter-
ature according to its characteristic components: transmitter or streamer; channel or
streaming platform; receiver or audience; and a fourth category made up of studies
that primarily address the streaming itself including the code used and the messages
conveyed. Therefore, the main aim of this research is to provide a comprehensive
view of the research domain, allowing future analyses to be carried out with greater
rigor and theoretical depth. To that end, we conducted a systematic literature review
[22] supported by bibliometric analysis. In addition, we present the main research
topics studied, which allows us to identify future research challenges and trends. The
few existing reviews thus far have only addressed very specific aspects such as user
behavior [11] or the development of tools to optimize the research [23]; however, we
have not found any studies to date that have explored the existence of a new domain
of research and its key constituent topics—a gap this study aims to fill. To do so, we
applied the PRISMA protocol [24] and carried out a Bibliometric Performance and
Network Analysis (BPNA) to evaluate the impact of the phenomenon. We then used
the VOSviewer [25] software to visualize the main thematic networks identified.
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2. Method

Three complementary methodological approaches were combined in order to
achieve the proposed research objectives. First, we applied the PRISMA protocol
[22,24] designed for systematic literature reviews and meta-analyses. Based on an ex-
haustive review of the literature, the research domain was defined and a common
theoretical framework was identified. Second, bibliometric performance analy-
sis(BPNA) was carried out in order to assess the impact of the scientific output of
different contributors [26]. Finally, science mapping through a keyword co-occur-
rence analysis revealed the thematic and intellectual structure of video game live
streaming research, [27,28]. According to Onwuegbuzie et al. [29], the blend of quali-
tative data, in this case derived from the review and culminating in scientific mapping
in combination with quantitative bibliometric data, contributes specifically to the ex-
planation of patterns within a given field, discipline, or body of knowledge (i.e., the
quantitative stages help to develop the patterns previously detected in the qualitative
phase). The main features of the method applied are detailed below.

2.1. Systematic Literature Review

The PRISMA protocol [24] is a proven methodological procedure that helps en-
sure research is transparent and replicable [30]. It has previously been used in the field
of video games [31] as well as in research specifically focused on live streaming
[11,23]. It consists of four key stages:

Identification: The present study used a single source of information, Web of Sci-
ence (WoS). WoS is a data source owned by Clarivate Analytics that includes several
databases; in our work, we used the Core Collection and the citation indexes: Science
Citation Index Expanded (SCI-EXPANDED) 1900-present; Social Sciences Citation In-
dex (SSCI) 1956-present; Arts & Humanities Citation Index (A&HCI) 1975-present;
Conference Proceedings Citation Index-Science (CPCI-S) 1990—present; Conference
Proceedings Citation Index-Social Science & Humanities (CPCI-SSH) 1990-present;
Book Citation Index-Science (BKCI-S) 2005-present; Book Citation Index-Social Sci-
ences & Humanities (BKCI-SSH) 2005-present; Emerging Sources Citation Index
(ESCI) 2005—present. Although this represents a limitation in terms of the coverage of
documents in the review, it ensures a single format for citation, usage, and classifica-
tion in areas of research. WoS offers an adequate volume of documents, proven scien-
tific quality, and data cleaning to correct errors [32]. The selection of search terms was
based on previous research and included different combinations: [11,12,23]: “live
streaming”; “live-streaming”; “game streaming”; “game-streaming”; “social live
streaming”; “internet broadcast”; “network broadcast”; “webcast”; “twitch”;
“twitch.tv”; “youtube live”. In terms of time coverage, following Li, Wang, and Liu
[11], the decision was made to include all published documents written in English
from 2010, two years prior to the appearance of Twitch. No types of document were
excluded, which made it possible to include papers from conferences and other
sources such as books, or chapters thereof, which may be of interest in the analysis of
emerging research domains.

Screening: The resulting searches were refined and filtered using the term “video
game” and its plural. The titles, keywords, and abstracts of the documents were re-
viewed. At this initial stage, documents that indicated that the research was about live
streaming were kept and those that clearly did not address the specific topic, gaming
or video games, were removed. Records that could not be discarded without a full-
text reading were retained. The references contained in the main studies were tracked
and the results cross-checked against previous reviews [11,23]. This made it possible
to identify new items that had not been detected with the initial search sequence.

Eligibility: The criteria applied were, first, that the main topic of the document
directly addressed video game live streaming, even if it was as part of a broader study;
second, that the document was indexed in the WoS and had undergone some type of
peer review process as an article or text from a conference, or was editorial material
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indexed in the WoS; and third, that it was possible to retrieve the full-text document.
All references resulting from the application of these criteria were downloaded.

Included: The full-text documents were read excluding those linked to live
streaming that did not specifically deal with games or video games, those whose main
topic was not clear, those that did not present any research data, or those whose meth-
odology could not be deduced specifically from the text.

The search for and reading of references yielded 111 documents. The process
started in September and was continuously updated to include new records indexed
in the WoS until 1 December 2020. From the full-text reading, the different definitions
provided for the phenomenon of video game live streaming were extracted [11,17-
19,33]. On the basis of those definitions, and after verifying how the communication
process was addressed directly or indirectly in all the identified documents, they were
classified in relation to the main elements of the mathematical theory of communica-
tion proposed by Shannon [21]. The complete process is detailed in Figure 1. The
methodological approach applied, theoretical framework, objectives, and data source
were extracted from each of the documents.

Search terms: “live streaming”; “live-
streaming”; “game streaming”; “game-
“social live streaming”; “internet

": “network broadcast”; “webcast”;
“twitch”; "t‘w}t(:h‘tv"' “Youtube live”

e Database selected:

v
Total records Records excluded after
identified refining the search
(n=29,512) (n=28,546)
Records after Records excluded on
Screening screaning the basis of title,
(n=966) keywords and abstract
(n=823)

Records after Records added after

checking title, .
Keywords and - checkmg referen_ces
betract and previous reviews
abs
(0-143) (n=21)
Eligibility
Documents excluded
Eligible documents |} after applying
(n=164) eligibility criterio and
full-text reading
! (n=53)

Documents inchuded
in the review

(n=111)

Included

Classification and
extraction of: Method,

Demarcation of the research domain based on Shannon’s (1948) main

Theoretical d on
Framework, elements of communication
Objectives and Source l l
of Data
J/
Transmitter Receiver Channel ) Tra.t}snussmn
i (including code and
(streamer) (audience) (platform) message)
o it el (n=50)

Figure 1. Flow diagram adapted from the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) protocol.

Documents were classified according to the main focus of the research. In line
with previous studies [11,23] and based on the basic elements of the communication
process [21], it was determined whether the document was essentially focused on the
Transmitter/Streamer (S), Receiver (A), Platform (P), or Transmission including the
codes and the message (T). In cases where a dual focus was observed, for example,
streamer and audience, the document was classified according to the predominant
focus and this was specifically indicated. The methodology used was coded to distin-
guish between quantitative (Qn), qualitative (Ql), and mixed (M) methods [34], and
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technical (Tc) [35] studies (technical Human—Computer Interaction (HCI) research in-
cludes studies directly contributing to meeting some human need as well as studies
indirectly contributing by enabling other technical work through things like toolkits),
and a brief explanatory note was provided. The theoretical framework was then indi-
cated, differentiating between documents that rely on established theories and those
that do not use defined theories, but rather are based on previous research. Finally,
the abstract was extracted with the objectives of the document on which to base the
subsequent thematic classification as well as the source of the data used in each paper.

2.2. Bibliometric Performance Analysis

The study was based on a number of indicators: direct citation, h-index of the
categories considered (streamer, audience, platform, and transmission) as well as us-
age counts since 2013 and in the last 180 days. Citation is used as a measure of the
relative influence of publications; when a document is highly cited, it can—with the
appropriate caveats [36] —be considered important for the research domain [28]. The
Hirsch Index or h-index [37] was originally designed to measure researchers’ scientific
performance. In this study, it was used to evaluate sub-areas of knowledge [38,39].
Research subdomains have an h-index of h if the h of their Np (total number of pub-
lications) have at least h citations each, and the other publications (Np-h) have at most
h citations each [40]. As for usage counts, they are considered as an early measure of
the attention a certain document receives, either through clicks or downloads. In WoS,
they occur when a user tries to download the full text or saves the record in a biblio-
graphic management tool; that is, they in some way reflect potential future citations,
or at least capture the initial impact of the text [41]. The different analyses were per-
formed using the Analyze Results tool available in WoS. The bibliometric approach
yields lists or tables with the main documents, indexing categories, type of document,
country of origin, and journals within the domain under study. The h-index, citations,
and usage counts were up to date as of 28 December 2020.

2.3. Science Mapping

Science mapping produces a spatial representation of the relationships among a
group of documents, authors, journals, disciplines, or research domains. The analysis
of scientific networks has previously been used in different fields to visualize these
types of relationships [28,42]. In line with the research objective, the network analysis
focused on the content of the documents through keyword co-occurrence. As pointed
out by Chen et al. [43] and Zupic and Cater [28], this is a particularly appropriate
method for identifying early on the intellectual structure of a given research domain.
Furthermore, Choi et al. [44] stated that the keywords and titles of the documents are
crucial for identifying significant topics. The network of relations between terms is
visualized using the open source software VOSviewer [25]. The centrality of a node
(word) indicates its relative position in the network: the software calculates the cen-
trality and strength of the different nodes and links, thereby revealing the thematic
structure of the domain. Nodes depict the appearance of keywords; the bigger the
node, the more important the item. Links between nodes represent the number of
times keywords appear together. The strength of the link is illustrated by its thickness.
As this is an emerging domain with a sample of only 111 documents, a minimum of
n =2 occurrences was set for the domain as a whole and n =1 for the four subdomains
(streamer, audience, platform, and transmission), thus ensuring a complete visualiza-
tion of all the identified thematic networks. A thesaurus file was used for data clean-
ing and to group synonymous terms or the singular and plural of certain words: for
example, electronic sport, esports, and e-sport game were all introduced under the word
e-sport. The other parameters used in VOSviewer are detailed in Table 1.
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Table 1. VOSviewer configuration.

Item Characteristic/Value

Type of analysis Co-occurrence

Unit All Keywords

Counting method Full counting

Normalization Method Association Strength

Layout Attraction = 2/Repulsion =0

Clustering Resolution = 1.00/Min. Cluster size = 10
Visualization Scale network and overlay =1.27

Weights Occurrences

Labels size variation Min. Strength = 0/Max. Lines = 500

Main sample (n=111)=2
Streamer sample (n=19)=1
Minimum number of occurrences of a keyword Audience sample (n=25)=1
Platform sample (n=17) =1
Transmission sample (m =50) =1

3. Results

This study adopted a broad definition of research domain: “thought or discourse
communities, which are parts of society’s division of labor” [45]. As Hjorland and Hartel
[46] argue, research domains are composed of ontological theories and concepts about
the objects of human activity; epistemological theories and concepts about knowledge
and the ways to obtain it, or methodological principles; and sociological aspects relat-
ing to the groups of people concerned with said objects.

3.1. The Domain of Research on Video Game Live Streaming

A research domain arises from one or more academic fields that expand accord-
ing to interests, themes, values, or conflicting points of view or values, with the aca-
demics involved moving toward specific sub-communities [47,48]. In order to demar-
cate the research domain on video game live streaming, we referred to previous stud-
ies that sought to explore the boundaries of specific thematic areas [49]. According to
Shirmohammadi, Mehdiabadi, Beigi, and McLean [47], an initial approach entails ask-
ing four basic questions: what, how, who, and where? The answer to those questions
contributes to a better understanding of the phenomenon and its main players. The
literature review helps to answer the “what” and the “how”; the subsequent BPNA
tells us the “who” and the “where”.

With regard to the essence of the phenomenon—the “what” —the application of
the PRISMA protocol [24] yielded 111 documents, which made it possible to outline
specific features of the research domain. The accumulated research included studies
of social networks [18], video games [8,50], and media [9,51]. A feature that all the
documents have in common is the communication process arising from the different
definitions and meanings developed so far on the concept of video game live stream-
ing [11,16,17,19,52]. Accordingly, the accumulated research can be represented
through the classic diagram produced by Shannon [21]. That is, a transmitter or
streamer transmits a multitude of messages (text, image, video, sound) essentially re-
lated to the active practice of video games; thus, the documents that fundamentally
focus on the figure of the transmitter or streamer can be grouped together. Messages
are encoded and decoded through a platform, acting as a transmission channel, which
mediates the relationship between the transmitter and the receiver as well as the rela-
tionships among receivers; this provides the basis for grouping together the articles
that primarily deal with the transmission platform itself. When messages (source of
information) reach their destination, a receiver or group of receivers (audience) trans-
mit new messages (chat, gifts, icons, subscriptions, follows, etc.) to the receiver, to
each other, or they remain passive, simply receiving content without reacting to it;
thus, there is another group of documents focused mainly on the audience. The entire
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process is characterized as being interactive, practically instantaneous, and with im-
mediate feedback, but not free from noise (overload of comments in chats, problems
with the quality of video or audio, etc.); therefore, the last group that emerges primar-
ily addresses the code, the messages, or the transmission process itself.

As for the “how”, the domain of the accumulated research on video game live
streaming is constructed through the application of various theoretical frameworks.
Although many of the papers did not provide information on the theories they refer-
ence and are broadly based on previous studies, it is possible to identify certain estab-
lished frameworks that are repeatedly used. Within the overall domain, the four
above-mentioned subdomains or areas of specialization can be distinguished. The
group of documents or subdomain focused primarily on the streamer employed well-
established theories such as self-determination theory [53,54], affordance theory [10],
normative theory of broadcast media [55], or grounded theory methodological anal-
yses [6,56-58]. The second subdomain, focused on the receiver or the audience, was
clearly underpinned by widely-tested theories: uses and gratifications theory
[7,11,17,18,59-64], social identity theory [65], Lasswell formula [18], self-determina-
tion theory [18,62,66], theory of flow [18], compensation theory [67], social facilitation
theory [62], social support theory [68], human information theory model [69], social
identity theory [69], media richness theory [63], social cognitive theory of mass com-
munication [70], and interaction ritual chains theory [33]. The third group, focused on
the channel, relied less on well-established frameworks, mostly drawing on previous
studies. However, we observed the application of multidisciplinary frameworks in-
corporating cultural studies, game studies, and media studies [52], cognitive load the-
ory [71], and the development of the “platform’ concept or the ‘actor-network theory’
[72]. Finally, the fourth group of papers, which mainly addressed the transmission
itself, largely consisted of technical documents [35] that sought to improve transmis-
sion or provide solutions relating to the video, code, or the message. These studies
mostly come from two areas of research: computer science and engineering. Their fo-
cus is more on providing solutions to problems, as such, they particularly rely on ex-
periments [73-75], the development of applications, and applied engineering [76-79].
Therefore, they do not need a strong grounding in well-established theories, although
some do occasionally appear; for example, the Lyapunov optimization theory [16], the
psychophysiological approach [80], Blommaert’s framework of critical discourse anal-
ysis, and Computer-mediated discourse analysis (CMDA) [81]. Figure 2 depicts the
entire domain and the most commonly-used frameworks for improving the
knowledge base.

Regarding the discipline and the methodology, Table 2 presents for each of the
identified research subdomains the main approaches applied and the research areas
in which the WoS indexes these documents. In the subdomain focused on the
streamer, it can be seen that qualitative methods predominate, especially exploratory
studies, interviews, or ethnographic methods [6,10,56-58,82—-84], with samples rang-
ing from 20 [6] to 100 interviews [57,58,82] and observational data from 20 to 70 hours
of live streaming [56,85]. This may be partly due to the difficulty of obtaining a broad
database with enough streamers to carry out the type of quantitative analysis that
represents the traditional methodological approach in the predominant research area
(communication). Moreover, qualitative analysis seems particularly suitable for gain-
ing a deeper understanding of complex processes such as the creation of live content
or the professionalization of these activities [10,58]. Research taking a quantitative ap-
proach is less common, although it includes studies such as those of Zhao, Chen,
Cheng, and Wang [53] and Torhonen, Sjoblom, Hassan, and Hamari [54], who applied
structural equation modeling and analyzed samples of up to 377 content developers.
Conversely, in the subdomain focused on the audience, quantitative research prevails,
with many studies using structural equation models [7,59,60,63-66,70,86]. Sample
sizes ranged from 412 users [65] to more than 1000 [60,64], even reaching 2227 Twitch
users [61] in a study conducting multiple and ordinal linear regression analyses. For
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tion of developing and using models to explain behavior [59,60,65]. The subdomains
focused on the platform and the transmission are characterized by the use of more
heterogeneous methods, although the former stands out for the inclusion of descrip-
tive statistics and techniques for constructing graphs [87-92], and the latter for com-
piling information through application programming interfaces (APIs), both for
Twitch [73,93-97] and other platforms such as Douyu [98]. The collection of infor-
mation through public APIs is spreading to other subdomains (Streamer [99] Riot
Games APL Receiver [100] Twitch APL and Platform [87,89,91] Twitch API), opening
up future research opportunities if simultaneous information about the streamer, re-
ceiver, and platform can be connected.
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Figure 2. Research domain and main theories applied.

Table 2. Main methodology and research area.

Streamer Subdomain  Audience Subdo- Platform Subdomain Transmission Subdomain
main
Qn [53,54,99,101,102] [7,17,33,59-61,63— [71,87-90,92,108,109] [97,110-114]
67,70,86,100,103-107]
Ql [6,10,55-58,82— [18,62] [8,9,117-119] [81,120-126]
85,115,116]
M [11,68,69,127] [23,52,72]
Tc [128,129] [91] [16,19,20,73-80,93-96,98,130-149]
Research ~ Communication 9; Computer Science 10; ~ Computer Science 9; Computer Science 37; Engineering 18; Telecommuni-
area Computer Science7; ~ Psychology 7 Telecommunications5  cations 13
(n? doc25)

3.2. Bibliometric Performance Analysis of the Research Domain
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The “who” and the “where” were answered by examining the main players
through the bibliometric analysis of the 111 documents in the review. Although the
period of analysis started in 2010, the first studies did not appear until 2012. These
were technical papers focused on developing new systems that allow video to be
shared with players online [130], lab experiments with traditional games converted
into video games to show how watching someone play live provides a very similar
experience to face-to-face playing [74], or simulations to try to reduce bandwidth
overhead and improve the broadcast [131]. These are seminal papers, published at
conferences and belonging to the fields of computer science, engineering, and tele-
communications. Although these are the studies that have been available for the long-
est time, their impact in terms of citations or downloads has been limited, probably
due to the fact that they are preliminary studies presented at conferences.

In Figure 3, it can be seen how the number of documents related to video game
live streaming started to increase in 2015, although they were still mostly from con-
ferences [87,88,103,110,132,133]. Among them were the first analyses of specific plat-
forms such as Twitch [87,110,132] or YouNow [88]. The predominant research area is
still computer science. Some of these conference papers [88] managed to attract atten-
tion from other specialized fields such as communication and social sciences, thus in-
creasing citations and boosting interest in the domain.
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2012 2013 2014 2015 2016 2017 2018 2019 2020
3 1 1 6 5 21 17 35 22
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14 7 39 32 164 912 508 572 362
3 1 0 5 14 133 128 147 247

Figure 3. Number of documents and impact in terms of citation and usage.

From 2017, the number of publications grew exponentially before levelling off at
an average of around 20 documents per year. The research generated has attracted
attention from other areas of knowledge such as psychology [59,60,65,71], sociology
[120], or linguistics [121]. The study of the phenomenon of live streaming becomes
multidisciplinary and there is an increase in both the citations of all these new publi-
cations and accumulated downloads. Indeed, from this moment on, we observe the
emergence of identifiable lines or subdomains of research on the streamer [6,53,54],
the audience [86,106,107], the platform [9,71,117], and the streaming process
[16,19,95]. A ranking of the top three publications in each of the subdomains is in-
cluded in Table Al, Appendix A. In turn, there is greater heterogeneity in terms of
themes, for example, studies emerge on professional streaming on Twitch [55], infor-
mation behavior, and the users’ perceptions of co-presence on Twitch [69], the gam-
bling engagement mechanisms in live streaming services [118], or sexual content pol-
icies applied on the Twitch platform [126]. Table 3 presents a summary of the impact
measures considered.
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Table 3. Main bibliometric indicators for the analyzed sample.

Average .
. o L. Sum of Times Usage Count Usage Count
°Doc. h-1
Streamer Subdomain N¢Doc ndex Citations per Cited Since 2013 Last 180 Days
Item
[6,10,53-58,82-85,99,101,
1 7 114 14 141
102,115,116,128,129] ? 6 >
Audience Subdomain
[7,11,17,18,33,59-
2 16.44 411 1217 17
70,86,100,103-107,127] > 8 6 3
Platform Subdomain
[8,9,23,52,71,72,87-
17 7 . 1 102
92,108,109,117-119] 588 00 399 0
Transmission Subdomain
[16,19,20,73-81,93-
98,110-114,120-126,130- 50 7 3.96 198 480 118
149]
Video Game Live
Streaming Services Do- 111 15 741 823 2610 678

main

To put these values into context, it should be noted that although the audience
subdomain registered the highest values, it was also the specialization that accounted
for the greatest number of documents belonging to disciplines aligned with the study
of behavior [7,59,61]. This type of research was found to be the most cited, displaying
a remarkable evolution with respect to the time of exposure to the citation. At the
same time, these were the publications that registered the most downloads. These fo-
cused on shedding light on the underlying reasons of why a growing audience used
this type of service and watched others playing. It should be pointed out that these
indicators have not been normalized; in other words, they do not account for the dif-
ferences in citation and publication practices between scientific fields [27]. Overall, we
observed an h-index of around 15 and practically identical values in the different lines
of specialization. This could represent a potential boost for the future influence of the
domain. As it starts to grow, new areas of knowledge become involved in the domain
and the results are transferred between those areas of knowledge.

Moreover, the sample of publications was composed of a large number of pro-
ceedings papers, a clear indication of its relative recency. We should expect to see a
significant proportion of these preliminary articles evolving and being refined
[20,130,139,140]. Table 4 presents a summary of the most relevant information about
the general profile of the domain. There were signs of specialization with authors such
as Juho Hamari, Mark R. Johnson, or Max Sjoblom, who each had more than six pa-
pers to their name.
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Table 4. General document profiling of research on video game live streaming services.

Category

Items

WoS Categories (no. publications >)

Document Types

Most Prolific Authors (no. publications
>4)

Most Productive Sources Titles (no. pub-
lications >3)

Most Productive Institutions (no. publi-
cations 25)

Most Productive Countries (no. publica-
tions >4)

Core References (no. of received citations
>15; citations and subdomain)

Computer Science Theory methods 36; Computer Science Information Systems 27; Engi-
neering Electrical Electronic 22; Telecommunications 20; Computer Science Software En-
gineering 19; Communication 17; Computer Science Cybernetics 10; Computer Science
interdisciplinary applications 10; Computer Science Artificial Intelligence 9; Psychology
Multidisciplinary 9; Psychology Experimental 9; Computer Science Hardware Architec-
ture 6; Sociology 6; Business 3; Environmental Sciences 3; Imaging Science Photographic
Technology 3; Multidisciplinary Sciences 3; Public environmental Occupational health 3;
Cultural Studies 2; Film Radio Television 2; Information Science Library Science 2; Lan-
guage Linguistics 2; Linguistics 2; Behavioral Sciences 1; Education Educational Re-
search 1
Article 62; Proceedings paper 47; Early Access 3; Book Chapter 1; Editorial material 1;
Review 1
Hamari, Juho. Tampere University 6; Johnson, Mark R. Alberta University 6; Sjoblom,
Max. Tampere University 6; Liu Jiangchuam. Simo Fraser University 5; Barman,
Nabajeet. Kingston University 4; Martini Maria G. Kingston University 4; Woodcok, Ja-
mie. Open University 4; Zhang, Cong. University of Science & Technology of China 4
Computers in Human Behavior 8; Lecture Notes in Computer Science (conferences) 8;
IEEE Access 3; IEEE Transactions on Circuits and Systems for Video Technology 3: In-
formation Communication Society 3; Multimedia Tools and Applications 3; New Media
and Society 3
Simon Fraser University 7; University of California System 7; Tampere University 6;
Aalto University 5: University of Alberta 5
USA 41; China 18; Canada 15; England 12; Germany 12; Taiwan 8; Finland 7; Australia 4:
Qatar 4; South Korea 4
[7] 128-A; [59] 79-A; [61] 52-A; [65] 43-A; [60] 31-A; [53] 25-S; [112] 24-T; [52] 22-P; [17]
22-A; [101] 18-S; [71] 16-P; [121] 16-T; [16] 16-T; [120] 16-T;

The WoS categories also pointed to a gradual increase in the number of research
areas involved. It should be borne in mind that the same document can be classified
in more than one category depending on the indexing of the journal or the conference
in which it appears. Interestingly, despite the disruption to the video game industry
[8] caused by live streaming services, only three documents were catalogued under
business [7,54,105]. This represents an opportunity for future research whereby new
approaches from the fields of management or economics can be applied to comple-
ment or corroborate previous findings [55,58,82]. The same is true of the other as yet
underexplored categories such as the application of linguistics to text analyses of
chats, cultural studies on the new communities being created, or environmental stud-
ies to assess the impact of this new industry. The present review did not find any
papers specifically focused on the sound or transmission of audio. Thus far, it seems
that the phenomenon of video game live streaming has had the most notable impact
in specialized journals in the field of behavioral studies and psychology; indeed, the
journal Computers in Human Behavior has already published eight related papers.
This is followed at some distance by technical journals such as IEEE Access, and those
linked to communication and society such as Information Communication Society
and New Media and Society. On the other hand, if we observe the number of docu-
ments in the sample published in journals included in Journal Citation Report (JCR),
almost 64% reached journals positioned among the first quartiles; the remainder cor-
responded mainly to papers submitted to congresses, which are likely to be improved
and published in JCR categories, as previously mentioned. Table A2 includes the list
of papers, the journal of publication, and the quartile.

3.3. Thematic Structure of the Research Domain

After using the VOSviewer thesaurus file to clean the keywords, we were left
with a total of 390, of which only 85 met the established criterion of a minimum of two
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occurrences. The software calculated the total strength of the co-occurrence links be-
tween terms, and selected those with the highest total link strength. The full list, along
with the thematic clusters, links, and occurrences, is presented in Table 5. For each of
the resulting thematic clusters, the most representative keywords were chosen to des-
ignate each group. The clusters were composed of some generic terms directly related
to the domain itself such as video game, crowdsourced live video, or live platform;
however, in each case, an identifiable thematic focus was observed. The thematic clus-
ter analysis was verified by examining the objectives and the results of each of the
documents included in the sample.

Table 5. Thematic clusters identified in the research domain on video game live streaming.

Cluster/Color/Label

N¢Keywords Keywords (Links, Total Link Strength, Occurrences)

C1/red/Motivation

C2/green/Behavior

C3/blue/Monetization

C4/yellow/QoE

C5/purple/Media usage

C6/Orange/Gender and
Contents

Video game (56, 146, 25); Motivation (47,110,17); E-sport (35,61,10); Play (33, 68,
10); Digital labor (19, 39, 5); Television (21, 36, 5); Watch (23, 40, 5); Digital Econ-
omy (16, 23, 3); Engagement (20, 26, 3); Predictors (13, 17,3); User-generated con-
tent (14, 16, 3); Communication (9, 10, 2); Game Studies (10, 12, 2); New media (18,
23, 2); Parasocial interaction (11, 11, 2); Parasocial relationship (10, 11, 2); Social
presence (9, 9, 2); Work (8, 9, 2)
Video game live streaming (11, 66, 18); Youtube gaming (30, 49 7); Behavior (26,
32, 5); Continuance broadcasting intention (14, 18, 4); Live broadcast (3, 3, 3); Par-
15 ticipation (22, 24, 3); Self-determination theory (21, 24, 3), Audience (11, 12, 2);
Online games (4, 5, 2); Personal preference (3, 4, 2); Recommendation system (3,
4, 2); User acceptance (14, 15, 2); Virtual communities (11, 11, 2)
Twitch (65, 173, 40); Online gameplay streaming (15, 20, 5); Monetization (21, 21,
4); platform (18, 23, 4); Gaming (16, 16, 3); Loyalty (19, 19, 3); Biometrics (6, 6, 2);
13 Computer-mediated communication (4, 4, 2); Gambling (9, 12, 2); Gamification
(16, 16, 2); Politics (8, 10, 2); Viewer engagement (9, 10, 2); Wearable technology
(3,6,2)
Quality of experience (14, 23, 8); Crowdsourced live video (13, 24, 7); Cloud com-
puting (7, 13, 5); Model (24, 33, 5); Image (4, 7, 3); Impact (18, 18, 3); Quality as-
sessment (4, 9, 3); Resource allocation (4, 8, 3); Video quality (4, 7, 3); Cognitive
load theory (6, 7, 2); Experience (15, 15, 2); System (10, 10, 2)
Streaming media (45, 109, 19), Media usage (36, 90, 9); Social media (38, 79, 9);
Uses and gratifications (35, 71, 9); User behavior (21, 28, 4); Facebook (20, 26, 3);
13 Internet (16, 19, 3); Social live streaming services (11, 18, 3); China (11, 11, 2); In-
formation behavior (13, 14, 2); Intention (16, 23, 2), measurement (8, 8, 2); Popu-
larity (9, 9, 2)
Live platform (56, 11, 30), Gender (26, 42, 7); Technology (27, 24, 5); Gaming Cul-
ture (9, 14. 3); Platform regulations (8, 14, 3); Sexual content (8, 15, 3); Chat analysis
(4, 5, 2); Diversity (5, 5, 2); Online community (3, 5, 2); Sexism (9, 11, 2); Video
popularity prediction (2, 3, 2); Viewer participation (5, 6, 2); Women (5, 9, 2)

18

13

13

Figure 4 shows the 85 terms used for the visual representation of the analysis as
well as the six thematic clusters detected with the network visualization tool
VOSviewer. The relationships between clusters and the nodes belonging to each of
the clusters are depicted in the distances between the different elements: the shorter
the distance, the greater the interdependence between the detected clusters [25].
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Figure 4. Map of thematic clusters identified in the research domain on video game live streaming.

The thematic clusters related to motivation (C1), behavior (C2), monetization of
activities (C3), and media usage (C5) predominated in the areas of specialization fo-
cused on the streamer and the audience. Furthermore, they were the ones that had
had the greatest impact in terms of citations and downloads. Conversely, the thematic
clusters focused on the quality of the experience (C4), and gender and content (C6)
had a stronger presence in the subdomain focused on transmission. While their im-
pact has been less marked, it is expected to increase as connections develop between
the accumulated knowledge in the different specializations. Finally, documents cov-
ering the channel or the transmission platform appeared across the six thematic clus-
ters identified, and achieved an average impact relative to the other specializations
detected.

Subsequently, the main topics on video game live streaming obtained in each
cluster are detailed. The first cluster contains topics relating to the motivations for
watching and streaming, and to the consumption of e-sports, work, and the digital
economy. This cluster includes studies focused on the different motivations that drive
the audience [7,17,64] and content developers or streamers [53,54,85]. It also covers
the characteristics, motivations for, and challenges of live-stream programming [85],
new forms of paid work [6,10,55-58,83], user motivation [7,17], and identification be-
tween audience groups and streamers [65]. The relationships between the genre
played, content streamed and viewer gratification [59], the motivations for spending
money [104], and the relationships between the size of the channel and user motiva-
tion [61] are also explored. In addition, this cluster addresses the possible differences
in said motivations according to the gender of the viewer or the streamer [105].

The second cluster lies close to the first and mainly deals with the behavior of
users and streamers. The link with the first cluster is established through the different
motivations that give rise to widely differing behavior [85]. The topic is extremely
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complex as it relates to behaviors, for example, the intention to purchase and the send-
ing of virtual gifts [100], the identification of paying viewers [107], subscription [68]
and impulse buying [66], or wishful identification and emotional engagement as a
predictor of many of these behaviors [70]. It also tackles viewers’ information activi-
ties [18], or negative behavior such as online harassment [106], excessive use of live
streaming services [67], aggressive attitudes in discourse or speech [116], and even the
negative effects of streaming on streamer performance [99]. A distinctive subject
within this cluster refers to the recommendation systems for choosing content [73]
based on the users’ behavior, preferences, or degree of engagement [96,143].

In the third cluster, which is aligned with the first two, the topics of the domain
extend to the monetization of the activities of streamers and platforms [82,118]. It
deals with topics such as user loyalty [63], covering the need for streamers to build
and maintain audiences [102,128,129], activities that foster engagement [33], or sys-
tems to increase the number of viewers [129]. The cluster contains papers that develop
tools to offer additional information to the user, thereby improving their experience
and enhancing the connection between streamers and watchers [128]. We also found
the most important theme of the sample analyzed, represented by the keyword
Twitch, which was the one that appeared most frequently. This core term acts as a
nexus linking the six thematic clusters identified. The topics covered relating to this
popular live streaming platform are very varied and fundamental to live streaming
research. The term Twitch features particularly strongly in the subdomain or special-
ization focused on analyzing platforms. In relation to this node, comparisons with
other streaming platforms [88] have been carried out, subcultures of players and view-
ers have been identified [89], and shared patterns of media consumption and produc-
tion have been analyzed, [52] as well as the similarities and differences with fast-con-
sumed repositories [90] or with other types of “static” content distribution platforms
such as YouTube and Netflix [91]. In addition, Twitch has served as a reference to
analyze traffic patterns [92], examine its business model and impact on the video
game industry [8], explore its potential in terms of marketing [109] and education [71],
and study its content policies [119].

The fourth cluster brings together topics related to the quality of experience
(QoE) [77,94,141] and its assessment, video quality [20,135,140,145], or cloud compu-
ting [16,75]. As can be seen in Figure 4, this thematic cluster lies slightly farther away
from the others. This could indicate a certain disconnect between research focused on
motivations and behaviors, and those studies that attempt to tackle problematic issues
relating to live streaming. However, identifiable thematic connections appear through
the nodes of Twitch and motivation. Figure 5 shows the four subdomains represented
individually and indicates the connections detected. This cluster is especially relevant
in research focused on optimizing transmission, and it is here where the majority of
technical documents can be found. There is a wide variety of topics addressed and a
wealth of related applications being developed. Among the topics that have been cov-
ered, we found the development of functionalities to enhance communication
[134,137], immersive user experiences through the implementation of multi-view sys-
tems [93], resource allocation to facilitate adaptive live streaming [141], and the appli-
cation of the streamer’s biometric data to enhance the viewer’s experience [79]. An-
other significant group of papers in this cluster dealt with how to reduce bandwidth
overheads and operating costs [16,131,133,138], broadcast times and latency [19], or
metrics to optimize video quality [20].
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Figure 5. Connections between the different subdomains identified in the sample of documents.

The fifth cluster is linked to the social component of video game live streaming,
media usage, and social media. The relationship with the first three clusters (C1, C2,
C3) relates to the terminology used by Gros, Wanner, Hackenholt, Zawadzki, and
Knautz [17] and Zimmer, Scheibe, and Stock [18], who view video game live stream-
ing services as a social network (SLSSs). This group is characterized by the emphasis
on the community elements of media enjoyment [86], thus offering a vision of these
platforms as a new means of social communication [9]. It addresses specific topics
such as the use and popularity of complementary social networks like YouTube or
Instagram to gain followers [102], or the commoditization of the viewer’s social inter-
action while consuming media through gift-giving behaviors [112]. The general theme
centers on the socio-motivational elements of uses and gratifications theory —that is,
meeting new people, the search for interaction and social support, or feelings of be-
longing to a community [61]—or, as Lin, Bowman, Lin and Chen [62] point out, it
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deals with live streaming as a co-constructed social experience involving rich interac-
tions between the content of the game, players, and viewers. Connections with the
fourth and sixth cluster appear through studies focused on the popularity of live
streaming channels [114] or spectator reactions [97].

The sixth cluster includes the most cross-cutting and current issues detected in
all clusters, most notably the technology, the culture generated around live streaming
communities, and more controversial matters related to gender, sexism, sexual con-
tent, and regulatory policies. In relation to the topic illustrated by the keyword “tech-
nology”, it can be seen that it is overly general; however, this node appears aligned
with some of the documents on the professionalization of streaming content [10,54].
The topic is therefore more associated with the use of technological tools, mainly on
the side of the streamer —that is, with the use of technological tools to facilitate stream-
ing [10]—although it also extends to the use of fraudulent techniques such as chatbots
to simulate an audience [78]. Furthermore, cultural aspects feature strongly in almost
all of the research as these elements represent a substantial component of the studies
on video games [52]. Such studies approach the topic from two perspectives. On one
hand, there are descriptive studies, for example, Churchill and Xu [89] discussed sub-
cultures of gamers represented in live streaming—casual, SpeedRunners, and com-
petitive. On the other hand, some studies have delved into more contentious issues
such as racism online [120], or discrimination on the basis of physical appearance or
sex [123]. This cluster also includes all the topics related to gender issues, for example,
the role played by gender when it comes to streaming [84] or doing e-sports [127]. It
also shows connections with emerging issues such as content moderation [124], the
processes giving rise to toxic technocultural discourse [125], or the analysis of user
guides and the thin line separating freedom of expression from the use or abuse of
inappropriate content [122].

4. Future Research Agenda

This article presents an exhaustive literature review carried out using the
PRISMA protocol. The combination with BPNA and the science mapping of the most
significant research topics represents the first attempt at a comprehensive approach
to video game live streaming research. After reviewing 111 documents, the results
pointed to the communication process as the central axis around which the study of
this new mass phenomenon revolves. It was thus possible to adopt the elements of
the model proposed by Shannon [21] to identify the structure of this nascent research
domain [45,46]. The findings revealed four specializations or subdomains: studies fo-
cused on the transmitter or streamer; the receiver or the audience; the channel or plat-
form; and the transmission process. These four specializations add to the accumulated
knowledge through the development of six core themes that emerge: motivations, be-
haviors, monetization of activities, quality of experience, use of social networks and
media, and gender issues. In line with the findings of the meta-review, we can see the
emergence of interesting new directions and ample opportunities for future research,
which are discussed below.

Relating to the audience, three basic dimensions have been studied: information,
entertainment, and socializing [17]; these refer to the benefits perceived by the viewer,
according to theories grounded in behavioral studies such as the uses and gratifica-
tions theory [7,11,17,18,59-64]. Among the most significant findings is the fact that the
search for information is positively associated with the number of hours spent view-
ing video games [59]; indeed, it is one of the strongest predictors of the use of live
streaming platforms [64]. It has also been found that social integration predicts sub-
scription behavior [59] and that the viewer’s identification with streamers and audi-
ence groups is positively linked to the intention to continue watching live streams
[65]. Furthermore, studies have uncovered connections between the genre of video
games played, the content streamed, and the viewer’s gratification [60]; motivations
and money spent [104]; and the size of the channel and viewers’ social engagement
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[61]. Another notable aspect are the links between social issues and the use of stream-
ing platforms [86]. However, although viewer motivation was one of the most exten-
sively-analyzed topics in the sample, most of the related studies revealed certain con-
tradictions among the findings, which point to the need for further study and to con-
sider other variables that may influence viewer motivation [11,27]. A clear example is
the possible differences in motivation according to the gender of users or streamers.
In this regard, Gros, Hackenholt, Zawadzki, and Wanner [104] found that gender did
not seem to play an important role in the motivations for use and money spent. Simi-
larly, other studies found no moderating effects of sex on the motivations for the use
of streaming platforms [64]. However, there have been some studies that attest to clear
differences depending on whether a viewer is watching a source from the same gen-
der or different gender in terms of credibility [105], comments made and received in
the field of e-sports and beyond [33,127], and even in the way of sending or receiving
messages [84]. Therefore, there is a need to delve deeper into the debate on sources of
motivation, with more in-depth theoretical and empirical exploration. The related
models developed have to be applied in different cultural contexts, and new variables
widely used in the field of video game studies need to be incorporated [150].

Regarding the streamer, we found studies exploring the characteristics, behav-
iors, and challenges of live programming, revealing that streamers are motivated by
the desire to share knowledge, socialize, and build identities online, taking on chal-
lenges related to the tools available and maintaining viewer engagement [85]. In this
vein, Zhao, Chen, Cheng, and Wang [53] and Torhonen, Sjoblom, Hassan, and Hamari
[54] examined the motivations for creating content, distinguishing between intrinsic
motivations—enjoyment and socializing—and extrinsic motivations—associated
with work activities such as earning an income or gaining prestige —although it seems
that the latter are still less important drivers of content creation. Aligned with this
theme, we observed the emergence of a core of significant studies that approached
live streaming as a new form of paid work [10,58]. They explored the way in which
the activity was carried out and the tools available for professionalizing this hobby
[10], affective and immaterial labor on these platforms including being friendly, solic-
iting donations, building a community and engaging audiences [83], and even the
economic and inclusion opportunities for people with disabilities and other health
issues [57]. This line of research seems especially interesting; indeed Guarriello [56]
calls for studies to focus on people who are willing to give up secure, traditional jobs
in order to turn their hobby into a profession without any kind of social safety net,
and ultimately commit to continuous streaming. In this regard, it has been observed
throughout the review that there are hardly any studies from the field of management
or business, and very rarely has any research focused on this labor activity as a way
of starting a business and entering the labor market [55]. Accordingly, there is a need
to gain a better understanding of this issue with new approaches from these areas, to
incorporate approaches such as the careers perspective [151], and to analyze transi-
tions from other activities to streaming and vice versa. In turn, in the research focusing
on the streamer, we found quantitative empirical evidence and attempts to explore
certain issues on the horizon such as how these new professionals manage success
and failure [58].
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Relating to the research on platforms, it was shown that live streaming has be-
come a novel hybrid of conventional television, YouTube, and a social network,
whose main (though not entire) content is video games. As Chen and Xiong [117] re-
vealed, we are witnessing dizzying changes in the different business models, most
significantly regarding the transitions to other types of content. New live channels for
music, sports, travel, gaming, education, and even academic research are continually
emerging [115]. From this perspective, managing the diversification of activities [152]
is one of the most important challenges for the future. Although the major impact of
the current pandemic on live streaming has yet to be fully gauged, professionals from
other fields have already capitalized on the channels provided by these platforms to
release music albums or perform world premieres; examples include the Code Orange
album release on Twitch [153] or the live-streamed Travis Scott concert in Fortnite. It
remains to be seen how copyright [144] or sponsorship [68] will be managed from
now on. The opening up of content, and the professionalization of activities with the
arrival of influencers from other fields represents a challenge for the platforms’ stra-
tegic communication [154]. We have yet to see how potential cross-platform “brain
drain” will be managed in the future, or how content policies will be adapted [119].
Another aspect of particular interest that has not been widely analyzed thus far is the
evolution of the relationship between the video game industry and the live streaming
industry [155].

Finally, as far as streaming itself is concerned, the possibilities are extraordinary.
In the near future, a great deal of attention will be paid to the subscription models for
cloud gaming platforms such as Stadia, Xcloud, or Amazon Luna, which offer cata-
logues of video games and incorporate functionalities that further facilitate live
streaming. The management of communication and the broadcast of messages in
group chats [111] pose new challenges: how to manage messages [121], the prediction
of popular events, the use of emojis [97], or the information overload that will increas-
ingly affect online group communication [113]. There are also certain unknowns re-
garding whether it will be possible to incorporate virtual reality into live streaming.

5. Conclusions

This review underlines the complex, multidisciplinary nature of the phenome-
non of video game live streaming. The differences in citation patterns, methodologies,
and theoretical frameworks used may stem from the different areas of research in-
volved in each of the identified specializations, although they denote common char-
acteristics of the research domain. Strong links were observed between subdomains
centered on the streamer and the viewer; however, they appear to be somewhat dis-
connected from the specializations focused on the platforms and transmission pro-
cesses. This disconnect will no doubt be resolved in the future as the volume of re-
search increases and the related areas of knowledge are further democratized. The
review of the documents in the sample provides a rigorous, detailed definition of live
streaming services. This approach highlights the importance of gaining a greater the-
oretical understanding of the communication process and the interactivity entailed in
this type of service. The review provides a significant reference for scholars interested
in examining this new phenomenon.
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Although research on the live streaming of video games is awakening academic
interest, the theoretical contributions developed are still limited, from its definition of
the phenomenon and the elements involved, to its meaning in a new cultural and me-
dia context. The approach proposed here does not pretend to be unique or exclusive;
it has attempted, through the compilation of accumulated knowledge, to show the
basis for future research. Future works will need to incorporate new theoretical ap-
proaches from the field of videogame studies (e.g., the fit that the discussion between
narrative or ludology has for research on live streaming [156], or the search for au-
thenticity through the videogame [157]). On the other hand, the analyzed documents
place the communication process as the central axis for video game live streaming,
however, the present communication model including video game streaming ex-
pands Shannon’s perspective [21] used in our document classification. This insight,
although limited, is a call for scholars in the field of communication, as this model has
been criticized [158], expanded, and refined over the years, and as Al-Fedaghi [159]
noted: “Communication includes all aspects involved in the creation, export, import, and pro-
cessing of artifacts used to link objects in the world. The study of communication encompasses
all features of a communication system, including its technical, personal, social, and organi-
zational forms”, very much present elements in the live transmission of video games.

However, the results presented here are not free from limitations, which relate to
the studies included in this review. The first limitation stems from the use of a single
data source to obtain the final sample, which means relevant documents not indexed
in the WoS were excluded. Although this was a self-imposed limitation to avoid mix-
ing citation formats or subject categories, it opens the door to new analyses with other
databases that can help test the findings obtained here. Second, although a rigorous
procedure was employed in order to avoid possible biases, the coding of documents
and their classification inevitably entails a certain degree of subjectivity that could
distort some of the assessments. However, we believe that the combination of meth-
ods helps to minimize the impact. Third, this study presents a snapshot of the situa-
tion; the evolution of the research domain thus remains to be studied, calling for fu-
ture reviews that can capture the dynamism of all the issues presented here.

We conclude that there is still a great deal of heterogeneity in the results obtained
in the different thematic clusters and specializations identified. Given the increasing
academic interest in live streaming services, there is a need to create a common basis
for research that can guide theory and practice and enable interdisciplinary collabo-
ration to support the future growth of this emerging research domain.
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Appendix A
Table A1l. Top ranking documents in each of the specializations or subdomains identified.
RK. Cita Rk. Rank
Item Focus * Method * Theoretical Framework Goals Data t: Count Count
tons 2013 180d
Determine the factors influencing live . .
Qn - L. . . n =306 Taiwanese live
[53] S . . self-determination theory streamers’ intentions to continue broad- . 6 5 5
structural equation modeling . . streamers on Twitch
casting on Twitch.
N . . Analyze how the streamers and specta- a set of 54, 246, 484 tuples in
[101] S/A Qn No definition provided. Previ tors behave and further characterize the the format < user, channel, 10 87 23
case study ous Research . . . . .
live-streaming community. date, time, action, chat >
Identify what practices and elements in-
[10] S/A Ql ‘ affordance theory dividual Twitch streamers u‘tlhze and 100 different .streamers on 16 19 24
ethnographic what affordances these practices create Twitch
for the streamers and viewers.
7] A Qn‘ ‘ uses and gratifications theory Examine why people watch eSportson ~ people who h.ave watched eS- 1 1 1
structural equation modeling the Internet. ports online (n = 888)
Study the general gratifications that peo-
[59] A Qn. . uses and gratifications theory Ple derive from watch.mg Orllme.strear.n- n =1091 users 2 15 3
structural equation modeling ing content and the differences in vari-
ous streaming content.
Explore social motivations and types of
Qn Twitch live-stream engagement and how
[61] A Multiple and ordinal linear re-  uses and gratifications theory the relationship between live-stream n=2227 Twitch users 3 2 4
gression analyses viewer motivations and indicators of en-
gagement vary by channel sizes.
M Examine the relationships among pro- 1= 16 live streaming videos/
[52] P/A/S Descriptive Statistics and multidisciplinary framework duction, consumption and practice on n ;; 6S;Fwitch ugs;,rs 08 9 30 6
Nvivo Twitch.tv
Qn Examine the efficacy of Twitch
[71] P/A/S laboratory experimental de- Cognitive load theory xamine te etbieacy o1 “witchasa n =350 participants 14 42 17
. . . learning platform.
sign/analysis of covariance
Tc
_— L . . Explore the Twitch infrastructure to un-
[91] P/A Pytf.lor.l crawler / DESCrlpt.IVe No definition provided. Previ- derstand how it manages live streaming API Twitch 17 49 52
statistics/graph construction ous Research . . .
. delivery to an Internet-wide audience.
techniques
tudy the effect of vi t
L. Qn R . R No definition provided. Previ- Stu y R ee. ectotviewer enge.igem.en 2,294,837 viewers over a
[112] T/A logistic and negative binomial on gifting items to a streamer in a live . 7 8 9
. ous Research . . three-month period
regressions video streaming.



Int. ]. Environ. Res. Public Health 2021, 18, 2917 21 of 29
‘ Tc o Examirile the problem .Of Cost-effec.tive Twitch Dataset to simulate
[16] T Operational Cost Model/Delay Lyapunov optimization the- adaptive live game video streammg the behaviors of gamers and 12 4 31
Model/QoE Model/cost-effec- ory from the perspective of CLGVS service viewers
tive online algorithm providers.
Ql Determine what a transcript should look
Multi-column transcription like in order to systematically account
scheme, which includes the for the activity and the cross-modal com- n = 6 streamers 12 h of re-
(121] T broadcasfer’s spoken languag.e No definition provided. Previ- munication betwee;n broadcaster and au- cording (Three popular 13 63 ”
& embodied conduct, the audi- ous Research dience. games: League of Legends,
ence’s written chat messages as Determine how the unfolding of the ac-  FIFA and World of Warcraft)
well as an annotation of game tivity influences the cross-modal dis-
events course during online live streaming.
* Focus = Transmitter/Streamer (S), Receiver/Audience (A), Platform (P), Transmission (T); Method = quantitative (Qn), qualitative (Ql), mixed (M), technical studies (Tc).
Table A2. Journal of publication, journal quartile and citation index in Web of Science (WoS) core collection.
Doc Journal/Conference/Book JCR Category */Quartile or Book/Conference WoS Core
Collection **
[10,59-61,65,69-71] Computers in Human Behavior Psychology, Experimental (Q1)/Psychology, Multidisciplinary (Q1) SSCI
[93,117,145] IEEE Access Computer Science, Information (Q1)/ Engineering, Electrical & Electronic (Q1)/Telecommunica- ~ SCIE
tions (Q2)
[16,114,148] IEEE Transactions on Circuits and Systems  Engineering, electrical & electronic (Q1) SCIE
for Video Technology
[9,57,58] Information Communication & Society Communication (Q1)/Sociology (Q1) SSCI
[80,96,149] Multimedia Tools and Applications Computer Science, Information Systems (Q3)/Computer Science, software engineering (Q2)/Com-  SCIE
puter Science, Theory & methods (Q2)/Engineering, electrical & electronic (Q2)
[56,119,126] New Media & Society Communication (Q1) SSCI
[17,18,91,104,111,133,136,142] Lecture notes in computer science (Proceed- ~Computer Science, Theory & Methods (Q4) CPCIS/CPCI
ings papers) SS5&H
[90,95] ACM Transactions on Multimedia Compu- ~ Computer Science, Information Systems (Q2)/Computer Science, Software Engineering (Q1)/Com-  SCIE
ting Communication and Applications puter Science, Theory & Methods (Q1)
[98] Computer Networks Computer Science, Hardware & Architecture (Q2)/Computer Science, Information Systems SCIE
(Q2)/Engineering, Electrical & Electronic (Q2)/Telecommunications (Q2)
[55,84] Convergence the international Journal of Re- ~ Communication (Q2) SSCI
search into New Media
[123] Critical Studies in Media Communication Communication (Q2) SSCI
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[125]

(62]

86,99]
[19,138]

[76]

[72]
[118]
[11,64]

(20]

[7,54]
[67]
[75]

Discourse Studies in the Cultural Politics of
Education

Entertainment Computing

Games and Culture

IEEE Transactions on Multimedia

IEEE-ACM Transactions on Networking

Information Visualization

International Gambling Studies

International Journal of Environmental Re-
search and Public Health

International Journal of Network Manage-
ment

Internet Research

Journal of Behavioral Addictions

Journal of Cloud Computing Advances Sys-
tems and Applications

Journal of Network and Computer Applica-
tions

Journal of Pragmatics

Journal of Research in Interactive Marketing
Journal of Sport & Social Issues

Media Culture & Society
Multilingua-Journal of Cross-Cultural and
Interlanguage Communication

Peer-to-Peer Networking and Applications
PLOS One

Public Health Nutrition

Royal Society Open Science

Science

Education & Educational Research (Q2)

Computer Science, Cybernetics (Q4/Computer Science, interdisciplinary (Q4)/Computer Science,
software engineering (Q3)
Communication (Q3)/Cultural Studies (Q1)

Computer Science, Information systems (Q1)/Computer Science, software engineering (Q1)/Tele-
communications (Q1)

Computer Science, Hardware & Architecture (Q1)/Computer Science, theory & methods (Q1)/En-
gineering, Electrical & Electronic (Q2)/Telecommunications (Q2)

Computer Science, software engineering (Q3)
Substance Abuse (Q2)

Environmental Sciences (Q2)/Public, Environmental & Occupational Health (Q1)/Public, Environ-
mental & Occupational Health (Q2)

Computer Science, Information Systems (Q4)/Telecommunications (Q4)

Business (Q1)/Computer Science, Information Systems (Q1)/Telecommunications (Q1)
Psychiatry (Q1)

Computer Science, information systems (Q2)

Computer Science, Hardware & Architecture (Q1)/Computer Science, Interdisciplinary Applica-
tions (Q1)/Computer Science, Software Engineering (Q1)

Linguistics (Q2)

Business (Q2)

Hospitality, Leisure, Sport & Tourism (Q3)/Sociology (Q2)

Communication (Q2)/Sociology (Q2)

Linguistics (Q3)

Computer Science Information Systems (Q2)/Telecommunications (Q2)
Multidisciplinary Sciences (Q2)

Nutrition & Dietetics (Q2)/Public Environmental & Occupational Health (Q2)
Multidisciplinary Sciences (Q2)

Multidisciplinary Sciences (Q2)

SSCI

SSCI/SCIE

SSCI/A&HCI
SCIE

SCIE

SSCI/SCIE
SSCI
SSCI/SCIE

SCIE

SSCI/SCIE
SSCI/SCIE
SCIE

SCIE

SSCI/A&HCI
SSCI
SSCI
SSCI
SSCI/A&HCI

SCIE

SSCI/SCIE
SSCI/SCIE
SSCI/SCIE
SSCI/SCIE
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(82]
[66]

[53,112]
[83]
[63]

[52]
[120]

[6,23,68,73,74,77-79,85,87-89,92,94,97,100-103,106—
108,110,116,122,124,128-132,134,135,137,140,143,144,146,147]

Social Media + Society Communication (Q1)

Sustainability Environmental Sciences (Q2)/Environmental Studies (Q2)/Green & Sustainable Science & Technol-
ogy (Q3)/Green & Sustainable Science & Technology (Q3)

Telematics and Informatics Information Science & Library Science (Q1)

Television & New Media Communication (Q4)

Cyberpsychology Behavior and Social Net-  Psychology, social (Q2)

working

Journal of Gaming and Virtual Worlds -

Book: Digital Sociologies Book chapter

Conferences Proceedings papers

SSCI
SSCI/SCIE

SSCI
SSCI/A&HCI
SSCI

ESCI
BCISS&H

CPCIS/CPCI
SS&H

* JCR=Journal Citation Report; ** SSCI:Social Sciences Citation Index; SCIE: Science Citation Index Expanded; A&HCI: Arts & Humanities Citation Index; BSCISS&H: Book Citation Index Social Sciences & Humanities;
CPCIS: Conference Proceedings Citation Index Science; CPCISS&H: Conference Proceedings Citation Index Social Science & Humanities
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