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For researchers, producing and publishing online video can be a means of directly
sharing both our science and ourselves with a wide audience. However, media
production often requires a substantial commitment of time, effort, and resources.
Beyond this, publishing video on popular online platforms, like YouTube, is entering
an ever-more crowded information marketplace. At the outset, considering the stories
and distribution avenues specifically available to research scientists can guide their
efforts in media production. In this practical perspective piece, I speak to a scenario
of when media production is led or self-produced by a research scientist wanting to
communicate their work. I present how research scientists have opportunities and
access to stories that are rare among other professionals communicating science online.
From disseminating the results of a peer-reviewed research paper, to making media
about typically unseen aspects of science, online video is a medium that presents unique
opportunities for researchers wanting to communicate their work. It can be a means of
expanding the audience for and our own conceptions of scholarly work.

Keywords: science communication, video, YouTube, scholarship, digital media

INTRODUCTION

Ten years ago, in the lab, I caught something unexpected on camera. I was filming an experiment,
recording what an ant queen would do when I reintroduced her to a group of her workers who
had been separated from the colony. Through the camera’s display, I watched the queen brush her
antennae against a worker, smelling something she didn’t like. She turned, flared her mandibles, and
pounced. Biting the back of a worker’s head, she held it down and painted the ant with a glandular
secretion from her abdomen. This got the other workers’ attention. They pulled the two ants apart
but didn’t let go of the marked worker. They held the worker down, pulling its appendages until
they had, literally, torn it limb from limb.

I was shocked, mouth-agape in a moment of discovery. A doctoral student at the time, I was
researching behavioral strategies ants use to prevent workers from reproducing. This was a new
one. Over the course of the next few months, I filmed and photographed this behavior a lot. I ran
experiments to induce it and figure out which chemical mixtures the ants were using. The work
became a chapter of my dissertation and was published as a peer-reviewed article (Smith et al.,
2012). A selection of the videos ended up published as the paper’s supplementary material.
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A few years after I published that research, I stopped talking
about it in seminars. My research had moved on to other things.
Now, the only place you can find this story is in the peer-reviewed
paper, behind a paywall. If you were searching for it, you’d need
to know a couple things: first, the technical term for this chemical
death mark is a “Dufour’s gland secretion.” Second, the ants I
published on don’t exist anymore. The taxonomic group received
a much-needed revision and the Aphaenogaster ants I researched
became Novomessor ants (Demarco and Cognato, 2015). All this
is to say that if you find yourself in the Chihuahan desert of
northern Mexico and the southwestern United States and see
these ants, you likely won’t know anything about their queen-
worker conflict. The drama is playing out six feet underground,
hidden from view. Meanwhile, my work telling this story is just
as inaccessible, hidden in pay-walled, technical-jargon.

In hindsight, I was the person best-positioned to make sure
this research story was accessible to people outside of my group
of peer-scientists; accessible to a broad, science-interested public
audience. I had an interest in online media production and
video in-hand documenting this research. I had access to an
institutional press office who could help pitch the story to
journalists. And, I had a catchy hook: a newly discovered ant
chemical death mark. At the time, I was unaware that all these
things could be combined to effectively tell this story, and reach
a broad audience.

The proliferation of accessible tools for media-making and
self-publishing online platforms such as YouTube offer scientists
many opportunities to share their work in new ways. In this
perspective article, I address researchers who are interested in
using or leading efforts based in online media to communicate
their work. I am drawing on personal experience in merging
online media production with my own research practice and
using online video to help my colleagues share their work. From
sharing initial observations to peer-reviewed research findings, I
share ways in which online video publishing can be a means of
connecting a researcher’s work with a wide audience.

Communicating Peer-Reviewed
Research With Media-Rich Press
Releases
A primary output of academic scientists is the peer-reviewed
journal article. Journal articles vet, communicate, and archive
findings with our community of peer-scientists. With the open-
access movement, video abstracts, and lay summaries, journals
have increased the potential for public access into this literature.
However, most people, outside of peer-scientists, don’t go to
a scientific journal to find new science. For most, mass media
science news is where science is first encountered. While
not every peer-reviewed scientific article will receive news
coverage, many research stories can pique public interest. For
researchers aiming to connect with a news-reading audience,
an understanding of how research makes its way into news
media is essential.

The most common sources for science news headlines are
press releases. Research press releases summarize findings to
reporters who might cover the work. Beyond summarizing,

press releases often include reflections on the research, such as
statements of broader impact and motivations that guided the
scientists to do the work (Shipman, 2015). Researchers make
direct contributions to press releases through the quotes and
the media they provide (e.g., still images, video), illustrating the
work. Pieces of media and quotes are items that usually appear,
largely unchanged, in resultant news articles. In fact, for many
online outlets, it has become standard practice to post entire
press releases, unchanged, as content (Autzen, 2014; Jarreau,
2014). This transfer of press release content to online news article
is a path of media distribution that researchers are uniquely
positioned to use. When researchers make and distribute media
this way, they can find an opportunity to present themselves and
their work to an extraordinarily large audience.

Over the past 5 years, I have produced and distributed 20
press-release associated videos, which have been viewed, in-total,
over one million times. The videos are summaries of research
papers that I (n = 7) and my colleagues (n = 13) published
and worked with our institutions to issue press releases for. The
research topics ranged from paleontology and astrophysics, to
my own research on ants. These videos compliment the written
release by presenting the research findings and providing the
researchers a means of expressing why they feel their work is
important (Smith, 2018). The videos range from 2 to 5 min.
Most (75%) feature the researcher on-screen speaking about
their work. The remainder are narrated in third person. All the
videos are co-written by the researchers themselves and approved
ahead of release by institutional public relations staff. Before
considering the impact of these videos, the role of institutional
public relations professionals should be briefly discussed.

Public information officers (PIOs) are central to using press-
releases to communicate science. They author the releases and
upload them onto distribution sites, such as EurekaAlert, on
behalf of their institution. Learning how PIOs choose, translate,
and present research stories through press releases is time
well spent for researchers interested in mass media science
communication (Shipman, 2015).

Within their institutions, PIOs are vastly outnumbered by
the researchers they represent. For example, at my university,
North Carolina State University, there are a total of four
PIOs in our University Communications and Marketing office
assigned to communicate the work of over 10,000 researchers
(e.g., faculty, post-docs, graduate students, and research staff).
Therefore, time-intensive tasks such as video production are
more practically achieved when they are led by the researchers
themselves or other communication staff.

To distribute all 20 press-release videos I’ve made, the PIO
added a link to a YouTube posting of the video into the body of
the press release, preceded by a short statement on the intended
use (e.g., “A video presenting the findings of this study, for
embedding in articles, is here”). When video file sizes are small
enough, they have been uploaded directly into EurekaAlert for
previewing. If a reporter covers the work via the press release,
they will see an option to embed the video with their article or
request the media file to edit or upload onto their site.

Though not every research video and press-release received
media attention (11/20 received significant news media
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coverage), many outlets that covered the research also used
the videos. As a result, total number of plays on my postings
is 665,700 as of June 5th, 2020 (median = 6,575; 25% = 2,700;
75% = 25,935). It is worth noting that, at the time, the YouTube
channels to which these videos were upload had less than 1,500
subscribers, meaning these views originated from news media
embeds rather than an established subscriber audience. In
addition to these numbers, many media outlets, both traditional
and new (e.g., Washington Post; National Geographic News;
SciShow), requested the video files to edit and upload to their
own channels. Though viewership numbers from many of those
outlets are not public, the ones that are sum to more than the
views of my postings of these videos.

Of course, the impact of these communication pieces is not
just in number of video views, they can have a positive impact
on both the profile of the research papers and the public profiles
as scientists. For example, I used a press-release and video to
communicate my own natural history work on the predator-
prey interactions of two ants from Florida (Smith, 2019a).
The research was published in a relatively low impact factor,
subject-specialized journal. However, like the queen’s chemical
death mark research in the introduction, the paper was filled
with dramatic behaviors captured on video. The press-release
and associated summary video worked to raise the impact of
the research, as demonstrated through the paper’s associated
“Altmetric” data. Altmetric is a service that calculates a score
based on the attention that a peer-reviewed article receives online
(Adie and Roe, 2013). The score is ranked relative to the other
articles from the journal and across all tracked articles. The
Altmetric score for this paper is first among all 718 from this
journal and is in the top 5% of all 15 million articles ever tracked
through the service.

A final example is a press-release video about colleagues’
research describing a galaxy with a peculiar double-ring
morphology (Pakdil et al., 2017). Like the previous example,
the research was published in a subject-specific journal and,
through the news coverage generated from the press release, has
a top 1% Altmetric score relative to all articles ever tracked.
However, the video alone has a large, traceable impact. The video
is framed around the excitement the researchers had in making
their discovery. It is an interview centered on the first author,
Dr. Burçin Mutlu-Pakdil. In the video, Dr. Mutlu-Pakdil not
only describes the research finding but relates how she felt doing
the research and her excitement in telling her mother about
the discovery. The researcher-centered framing of the video is
reflected in the title, “Burcin’s Galaxy,” and the thumbnail (Burçin
smiling, holding a picture of the newly discovered galaxy). Our
decision to frame and name the video around Burçin, is reflected
in subsequent media iterations of this story. A top search result
for “Burcin’s Galaxy” is Dr. Pakdil’s TED talk about this research,
which has been viewed millions of times. The first line of the
description of the TED video reads: “What’s it like to discover a
galaxy – and have it named after you?” (TED Conferences, 2020).

Communicating Scientific Observations
The previous section focused on communicating end products
of research, however, the beginning points of science can be
sources of equally impactful stories. Most view the scientific

method as starting with a new observation or a question
to pursue through hypothesis testing or further description.
In my research, many projects start with a camera in-hand,
trying to document something new, as was the case with the
research in the introduction. The excitement that I get from an
original observation becomes motivation for pursuing the more
monotonous steps of research. I’ve realized that if my excitement
over these initial observations is what keeps me engaged in
science, sharing that excitement can be a way for others to
engage with my work.

Seeing parts of nature in a way few others have is an
extraordinary experience that research science provides.
Unique experiences happen through access to, and use
of, scientific visualization tools (e.g., electron microscope,
high-speed video camera, micro-CT scanner), scientific
infrastructure (e.g., museum collections, laboratory culturing
facilities), and unique environments where science happens
(e.g., an isolated field site, or ten feet deep in a pit
excavating an ant colony). Documenting these experiences
can provide the raw media materials for engaging stories.
Framing these experiences in narratives about why we
find ourselves in these environments, pursuing these
insights, is a way to bring an audience into the process of
scientific discovery.

Expanding my scientific process to include media making
and storytelling has helped me find new avenues for scholarly
impact with material that, in the past, has had none. Many
research projects never proceed beyond an initial observation
or hypothesis. Factors such as time, cost/funding, or available
expertise prevent projects from getting the replication and
experimentation they would need for publication. In the past,
these projects live on only as preliminary data, archived on a hard
drive. Now, when the initial steps of a project involve generating
media (still images, video, etc.), I make it a point to collect that
media so that it is not only useful for research but also self-
publishable in a narrative video on my lab’s YouTube channel
(Ant Lab, 2020). Doing this, I’ve seen initial steps of a project
reach audiences of hundreds of thousands of people and garner
news media attention (Smith, 2019b). More importantly, it has
been an effective means of moving my communication efforts
more toward a two-way dialogue with an established audience.

Building an audience or subscribership on social media sites,
such as YouTube, is key to successfully communicating beyond
a bubble of colleagues (e.g., Côté and Darling, 2018). In addition
to increasing direct reach, building audience numbers on many
social media platforms unlocks tools and account features
which allow for more effective engagement and communication.
Sharing preliminary observations is an opportunity to build an
audience. The frequency at which those stories can be generated,
as compared to new papers published, allows for more consistent
posting. In addition, focusing on the process of science provides
a framework for communicating uncertainty, trial-and-error,
and surprise inherent to science. All of these are messages that
humanize science, as opposed to portraying science being a set of
facts gathered and explained by experts. Humanizing portrayals
of scientists can work to build perceptions of warmth and trust
(Jarreau et al., 2019), which counter stereotypical concepts of
scientists as aloof experts (Fiske and Dupree, 2014).
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DISCUSSION

Given the two communication strategies I have presented above,
here is what I would do to communicate the research outlined
in the introduction. During the article’s minor revision stage, I
would pitch the story of the discovery of a “queen’s chemical
death mark” to my PIO, specifying that I would make a
video to accompany a press release. I would complete the
video ∼10 days before the journal’s paper’s online debut date,
allowing time for a PIO review. The PIO would post the
release with the video URL “under embargo” on EurekaAlert
or a similar service. (“Under embargo” meaning journalists can
view the press release days before the paper is first published
online, but they cannot publish articles until the embargo
is lifted and the journal article is published.) With that, the
research would have its best shot at reaching a mass media
science news audience.

In addition to the video associated with the press release, I
would make a video about the surprising observations associated
with this study. That would be an opportunity to focus a narrative
on why I was studying this and what further research might
reveal. In that video, I would share observations I made during
this research that I ended up never pursuing. For instance,
I happened to do a chemical analysis of an isolated worker
ant which revealed she was producing a near-exact match
of a queen’s chemical signature. Out of curiosity, I filmed
her nestmate workers’ response to her. To my surprise, they
treated her like a queen. They picked her up, carried her into
their colony and set her down on the brood pile, next to
the real queen. This observation was never followed up due
to time constraints and the need of additional field-collected
colonies to repeat the experiment. As of now, it lives as a
surprising observation, unseen, and archived on a hard drive for
more than a decade.

These two research communication strategies do have some
points of caution which researchers should consider. First,
copying press-release materials to online media sites as news
articles is not journalism. In fact, that practice has its own
pejorative term: “churnalism” (Johnston and Forde, 2017). While
churnalism abounds online, researchers should not expect all
news coverage to only consist of materials and text provided in
press releases. With videos, researchers should expect requests
for footage so that news outlets can excerpt and edit to fit
their stories. Second, with the practice of sharing observation-
based narratives, researchers should be aware of how anecdotes
work to drive narratives and induce meaning (Dahlstrom,

2014). This is different from deducing meaning and insights via
analyzing data sets.

For either of these communication strategies to be successful,
we, as researchers using media, must keep ourselves educated
on media production and publication practice. Central to video
making, academic journal- and self-publishing is copyright. Who
owns copyright for research-associated media and what that
means for licensing and publishing is specific to institutions, the
employment or student status of the researcher, and research
funding. Knowing policies for this is essential as many media
outlets that request content from researchers will request signed
copyright licensing agreements. In addition, media capture and
publication formats are constantly evolving, offering new means
of visualization. At universities, libraries usually employ digital
media specialist who can offer students and staff guidance with
these aspects of media-making and publication.

The communication strategies I have outlined are ones
specifically available to researchers. Researchers are best
positioned to lead efforts in making video summaries to
accompany the publication of their peer-reviewed articles.
Researchers can also publish first-person video accounts of the
unique views of nature their work affords them. Considering
this, I view creating both these types of media as part of
my primary scholarly output. Producing and self-publishing
video has expanded the audience for my scholarly work
beyond my peer-scientists. Online video, and audiences it can
reach, can offer scientists a new way to define, value, and
communicate their work.
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Although video is not a new format for communicating about science, video-sharing

platforms have democratized the process. Individuals who wish to share information

or ideas about science can use these platforms to connect with potentially large

and diverse audiences. This has benefits and drawbacks. The benefits are related to

increased access to scientific information and greater public engagement with science.

The drawbacks are related to communication within echo chambers and the spread of

misinformation. This mini-review presents these benefits and drawbacks with respect to

the science video landscape and media and scientific literacies. It concludes with a brief

synthesis of ideas and recommendations for future research avenues.

Keywords: science videos, media literacy, scientific literacy, pseudoscience, misinformation, youtube, social

media

INTRODUCTION

For more than a century, science communicators have recognized film’s potential to depict and
popularize science (Gouyon, 2015). The tools of filmmaking and, more recently, video production
have long been available to amateurs; however, the ability to reach large audiences was historically
limited to those with access to distribution networks (Salazkina and Fibla-Gutierrez, 2018). Online
video-sharing has created new opportunities for both professional and amateur producers to reach
large and diverse audiences (Davis and León, 2018; Rosenthal, 2018). It also has great potential
for engaging audiences with science-related content (Erviti and Stengler, 2016). This is part of
an ongoing trend toward more immediate and on-demand access to large amounts of scientific
information (Miller, 2010; Takahashi and Tandoc, 2015). In a sense, online video has democratized
science communication, allowing anybody with a computer device and internet connection to
become a science video producer and consumer.

With more people creating science videos, there are more opportunities for the public to engage
with science. Inmany ways, this is a positive development, but there are also drawbacks. This article
highlights three of those drawbacks. First, online information sources may poorly separate facts
from opinions (Brossard, 2013), perhaps due to a lack of gatekeepers (Shapiro and Park, 2015).
Second, the abundance of video content can lead to information overload and selective exposure
(Takahashi and Tandoc, 2015). Third, online discourse around contentious issues tends to devolve
into polarized echo chambers (Bessi et al., 2016). These three drawbacks can work synergistically,
and scholars have expressed concerns over the use of online videos to spread “bad” science. Some
have called for institutional remedies to control the information available to the public (e.g.,
Donzelli et al., 2018), whereas others have focused more on audience psychology (e.g., Landrum
et al., 2019).
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This article provides a mini-review of the research on
science videos on the internet, drawing on concepts from
communication and educational psychology. It serves as a
clearinghouse of ideas in three major sections. The first section
presents key elements of the science video landscape, providing
a framework for the later sections. The second section discusses
the roles of media literacy and scientific literacy in the context of
science videos on the internet, emphasizing audience psychology.
The third section discusses some of the benefits and drawbacks
of a media landscape in which more people than ever can create
and consume science videos. Although promoting benefits and
reducing drawbacks may involve public institutions, there is an
attendant need to understand the roles of audience psychology
and sociology. The conclusion highlights this need and argues for
continued efforts to bolster media literacy and scientific literacy
in public.

SCIENCE VIDEO LANDSCAPE

For framing purposes, this article provides a concise overview of
the science video landscape. Elements of this landscape include
the producers of video content, the messages contained in the
videos, the online video distribution platforms, and the audiences
watching the videos. These elements broadly align with Berlo
(1960) SMCR model of communication as a process involving
a source, message, channel, and receiver. Although that model
may oversimplify the communication process, it is a useful
framework for discussing the surface features of science videos
on the internet.

Source
In past decades, science videos reaching large audiences
were usually from professional science communicators or
organizations. Online video has changed this, blurring the
line between professional and amateur producers (Morcillo
et al., 2016). Although many online science videos come
from media companies, they may also come from scientists,
science educators, engineers, and interest groups, to name a
few (Welbourne and Grant, 2016; Rosenthal, 2018), and there is
evidence that audiences like science videos more when they come
from scientists vs. non-scientists (Sugimoto and Thelwall, 2013).
Despite the diversity of science video producers, minorities are
underrepresented in their ranks (Campbell et al., 2019).

Message
Video producers use many techniques and genres to
communicate about science (Morcillo et al., 2016). Online
science videos often have an informational purpose but also
frequently aim to raise awareness or entertain (De Lara et al.,
2017). Videos targeting awareness present information about
an issue to enhance its salience or perceived importance. The
information contained in online science videos can be scientific,
pseudoscientific, or non-scientific and can move audiences
toward or away from mainstream scientific views (Erviti et al.,
2018; Landrum and Olshansky, 2020).

Channel
Video can be an effective tool for communicating about scientific
issues (Ferraro et al., 2019) and there is an ongoing need to
understand channel effects (Jeffres, 2015). The channel of online
video has many distribution platforms. Among those channels,
YouTube seems themost popular for individuals seeking science-
related information (Metag, 2020), but users can also find and
share videos on social media, such as Facebook, and social
messaging platforms, such as WhatsApp.

Extensions of the SMCR model often include feedback
involving the two-way flow of information (Narula, 2006).
In the past, video broadcast allowed limited feedback (e.g.,
writing letters) from large and diffuse audiences (Beyer et al.,
2007). Video sharing platforms have changed that dynamic,
creating channel affordances for audiences to share ideas more
directly with content producers (Erviti and Stengler, 2016). Live
video streaming creates additional feedback mechanisms, where
producers can interact in real-time with their audiences (Wang
and Li, 2020).

Receiver
The different online video platforms have potentially large
audiences. YouTube alone has more than two billion users
(YouTube, 2020). Although there is evidence most of those
users do not regularly watch science videos (Tsai et al.,
2016; Rosenthal, 2018), it is likely most will encounter such
videos—including those spreading misinformation—at some
point. Several factors affect motivation to seek science videos
on YouTube, including perceived social norms, enjoyment of
science, and an information orientation to YouTube (Rosenthal,
2018). The effects of science videos on audiences include more
participation in scientific discourse (Shapiro and Park, 2015) and
more positive perceptions of scientists (Brewer and Ley, 2017).

Noise
Another extension of the SMCR model involves noise,
which refers to distortions or errors interfering with message
transmission (Narula, 2006; Shrivastava, 2012). For example,
low internet bandwidth can lead to video pixilation, reducing
the image quality. That is one kind of channel noise because
it arises due to features of the communication channel. There
are two additional kinds of noise relevant to this article. First,
the diversity and bulk of science video content can cause
information overload, which is a source of noise (Ruff, 2002).
Second, individuals with low media literacy may have difficult
navigating content and those with low scientific literacy may
have difficulty interpreting the meaning of messages, which
can create semantic noise (Shrivastava, 2012). The next section
discusses media literacy and scientific literacy and how they may
influence audience reception and responses to science videos on
the internet.

LITERACY

To understand specific forms of literacy, it is useful to begin
with the general concept. Hillerich (1976) gave a straightforward
dictionary definition of literacy as “the state or quality of
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being literate; ability to read and write” (p. 50). He then drew
on broader definitions regarding functional aspects of literacy
enabling individuals to participate in groups or communities.
Still other definitions emphasize societal changes requiring
updated notions of literacy [see Barton (2017)]. Keefe and
Copeland (2011) stated five core principles of literacy going
beyond the development of knowledge and skills. The gist of
their framework is that literacy is a social practice, mode of
empowerment, and human right anybody can develop through
connecting with others. Certainly, a basic ability to understand
written language is essential to both media literacy (Cappello,
2017) and scientific literacy (Laugksch, 2000), but both kinds of
literacy are largely subsumed within the broader characterization
of literacy.

Media Literacy
Much like with the general concept of literacy, scholarly
definitions of media literacy have evolved over time (Cappello,
2017). Whereas, an early definition focused on the ability to
consume and create media, a more recent definition considers it
as a framework of participation, which involves consumption and
creation, but also “builds an understanding of the role of media
in society as well as essential skills of inquiry and self-expression
necessary for citizens of a democracy” (Thoman and Jolls, 2008,
p. 42).

This kind of literacy may also serve a protective function
in a media landscape containing information-related risks.
Individuals with high media literacy can better protect
their privacy, avoid cybercrimes, and reject fake news and
other misinformation (Lee, 2018). In the context of science
communication, misinformation is doubtless a problem.
There is evidence that structural changes, such as issuing
corrective information, can be an effective way of combatting
scientific misinformation (Bode and Vraga, 2015), but there
is an accompanying need to enhance public media literacy
and encourage more open dialogue about contentious issues
(Scheufele and Krause, 2019; Vraga and Tully, 2019). In the
context of health information, a kind of scientific information,
Madathil et al. (2015) called for media literacy education
to help individuals make more informed health decisions.
Being able to sift through multiple and sometimes conflicting
messages requires cautious and critical media use [see also,
Cooper (2011)].

Naturally, the importance of media literacy extends to
video sharing sites, where the sheer volume of video content
necessitates a critical or at least cautious approach by audiences.
Meyers (2012) emphasized this importance when young people
engage with informational videos on YouTube. Because online
video sharing allows virtually anybody to create video content,
audiences need to rely more on themselves to evaluate authority
and credibility. He argued, not only do individuals need to be
able to critically assess the qualities of sources and messages,
but they also need to have appropriate responses when it comes
to sharing information and participating in discourse. Part of
this process involves the evaluation of scientific claims, which
implicates scientific literacy.

Scientific Literacy
There are many overlapping conceptualizations of scientific
literacy (Laugksch, 2000; Jarman andMcClune, 2007). According
to a popular and parsimonious definition, scientific literacy
involves “understanding of scientific terminology and concepts;
scientific enquiry and practice; and the interactions of science,
technology, and society” (Jarman and McClune, 2007, p. 3).
In short, it entails knowing about scientific facts, the process
of discovering those facts, and how people collectively use
that knowledge. Measures of scientific literacy have commonly
gauged factual and process knowledge (National Academies,
2016). Scholars have drawn on such operationalizations to
examine public understanding of scientific sub-domains, such
as climate change (Kahlor and Rosenthal, 2009; Kahan et al.,
2012), indoor air quality (Rosenthal, 2011), and nanotechnology
(Drummond and Fischhoff, 2017). There have also been efforts
to disambiguate religious beliefs from scientific understanding
because, for example, someone who does not believe in human
evolution may still have good knowledge of what the theory
describes (Roos, 2012; Kahan, 2017).

Scientific literacy can benefit people at the micro- and macro-
level (Laugksch, 2000; Yacoubian, 2018). At the micro-level,
scientifically literate individuals have the skills and confidence to
make science-related decisions, which often involves interpreting
scientific information in the media (e.g., Nisbet et al., 2015;
Nordheim et al., 2019). At the macro-level, a scientifically literate
society can provide the supply of individuals with skills needed
for scientific advancement. Further, a scientifically literate public
may be more supportive of science and, importantly, engaged
with democratic decision-making about science-based issues
(Yacoubian, 2018).

Emphasizing themacro-level perspective, Roth and Lee (2002)
argued scientific literacy is less about theminds of individuals and
more about collective activities; it is not a property of individuals
but an achievement of society. In conclusion, they called for more
work documenting “conversational spaces that enable scientific
literacy to emerge and permit life-long learning” in informal
or other non-traditional learning venues (p. 53). Science videos
on the internet often provide that space and are beneficial in
that regard. The next section focuses on this and other benefits
before turning to some of the drawbacks of science videos on
the internet.

CHARACTERIZING SCIENCE VIDEOS ON

THE INTERNET

Benefits
There are many potential benefits of science videos on the
internet. This section reviews three benefits, beginning with a
discussion of video as a learning tool. Ferraro et al. (2019) argued
that the auditory and visual experience of videos is a powerful
tool for science education and engagement. The structure and
organization of video content may serve as a guide for audience’s
attention and knowledge construction (Merkt et al., 2018),
especially when there are interactive features, such as clickable
elements (Tsai et al., 2016; Palaigeorgiou et al., 2019). Carefully
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selected online videos may be an effective complement to
classroom science education by supporting independent learning
(Pecay, 2017) and allowing learners to take new perspectives
(Higgins et al., 2018). This benefit is pronounced among youths
(Moll and Nielsen, 2017; Dunlop et al., 2020), whose orientations
to some topics affect their reactions, like engaging in serious
discourse (Meyers, 2012). Outside formal learning venues, both
students and members of the public may use online videos to
learn about many topics, including science (Moghavvemi et al.,
2018; Rosenthal, 2018).

Part of how online science videos support learning is through
the co-construction of knowledge by audience members. Dubovi
and Tabak (2020) studied YouTube user comments about science
videos, finding disagreements led to “rise-above collaborative
elaboration,” in which commenters provided evidence to support
their claims. In a similar study of YouTube videos about
antimicrobial resistance, Djerf-Pierre et al. (2019) found users
were engaged with the issue and their comments expressed
emotion, assigned blame, and called for action. These studies
show a second potential benefit of science videos to encourage
scientific discourse in public. This benefit is largely a function
of online video supporting not only feedback from audiences,
but engagement among audience members (Ksiazek et al., 2014).
Further, Morcillo et al. (2018) discussed how producers engage
in community building, which they do to ensure their own
success, but which also creates a sense of connection with
their audiences. Erviti and Stengler (2016) reported similar
instances of community building by video producers. In other
words, discourse as co-construction of knowledge may involve
not only exchanges between audience members but also with
content producers.

Despite some unique affordances of online video to facilitate
discourse about science, audiences are unlikely to become
engaged with the content if the scientific issues are not
important to them. Scholars have talked about this personal
importance in terms of issue involvement, which is positively
related message processing (Petty and Cacioppo, 1979, 1986).
Kahlor et al. (2006) used this idea to predict the seeking and
processing of environmental risk information, another kind
of scientific information. Given the sheer volume and variety
of online science videos, it is likely most people can find
personally involving content. This can create new points of public
engagement with science. Although research has not shown this
in a science communication context, Cha (2014) argued content
variety is an advantage of video sharing sites and found it is
positively associated with video consumption. However, as the
next section suggests, content variety is a double-edged sword.

Drawbacks
Whereas content variety may create many points of public
engagement with science, it can also lead to information overload
and selective exposure (Takahashi and Tandoc, 2015; Lee et al.,
2017). Karlsen et al. (2017) expressed concern over the sheer
quantity of health information online and difficulty for some
individuals in finding credible health-related videos on YouTube.
They suggested unfamiliarity with new media technology and
low health knowledge exacerbate this difficulty, which has clear

implications for media literacy and scientific literacy. There is
additional difficulty related to source selection. Erviti et al. (2020)
found messages opposing science are more likely to appear in
user-generated content than in content from media companies.

Another reason content variety is a double-edged sword
is because some producers create content to lead viewers
away from scientific consensus (Erviti et al., 2018; Allgaier,
2019), creating a polarizing conduit of pseudoscience and
misinformation (Bessi et al., 2016). Highly polarizing videos
tend to garner more audience engagement in terms of likes or
comments (Briones et al., 2012; Heydari et al., 2019). This can
produce epistemic bubbles and echo chambers, where groups of
likeminded individuals become entrenched in their viewpoints
through patterns of media use (Nguyen, 2020). One explanation
of this social and psychological entrenchment is confirmation
bias, or the tendency of individuals to focus on information
supporting their existing beliefs (Ling, 2020). This tendency
is more likely among individuals who believe their current
knowledge about an issue is sufficient (Jang, 2014). Of course,
people who know the least about an issue tend to overestimate
their knowledge the most (Kruger and Dunning, 1999), and echo
chambers may amplify this effect in the context of scientific issues
(Bentley et al., 2019).

Although selective exposure and echo chambers are not
new phenomena, there may be more opportunities for them
to manifest in a new media landscape. This is partly because
anyone can create media content and have direct access to
potentially large audiences. As a result, the role of information
gatekeeper has shifted away frommedia professionals and toward
a more diffuse group of actors who guide information to
smaller audiences (Lewis, 2020). On the one hand, this more
specialized gatekeeping can be beneficial because it personalizes
the information audiences receive, possibly leading to more
issue involvement and engagement. On the other hand, there
is less clear separation between facts and opinions, especially
on scientific topics (Brossard, 2013). When opinion appears
as scientific fact, more engagement probably leads away from
constructive discourse.

DISCUSSION

The value of science in public is related to factual knowledge
but determined largely by what individuals find relevant to their
own lives (Brossard and Lewenstein, 2009; PytlikZillig et al.,
2018). The introduction of this article used quotation marks
to characterize “bad” science because the value of science is
often subjective (Parsons and Wright, 2015). This is not to say
pseudoscience and scientific misinformation should be regarded
in some instances as “good,” but that their characterization
should holistically reflect both the quality of the information
and the ways the public uses it. This means, on the one hand,
content producers (e.g., YouTube channels) and content hosts
(e.g., YouTube) ought to understand what kinds of impacts their
content may have on public discourse and prioritize content
supporting public engagement across ideological divides. On
the other hand, audiences ought to understand the different
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motivations of content producers (e.g., to persuade) and content
hosts (e.g., to generate advertising revenue) and approach the
content cautiously and critically.

Of course, what producers and audiences ought to do is an
ideal that may be difficult to achieve. This article suggests the
nexus of media literacy and scientific literacy may be an effective
angle for pursuing that ideal. Those literacies help individuals sift
through and make sense of science videos on the internet, while
they learn new information and avoid information overload. This
is an obvious statement, but with subtleties that reveal gaps in the
current literature. Scholars have already called for more research
about the types and producers of science video content (Allgaier,
2019), online video platforms (Erviti et al., 2020), and audience
traits and states (Landrum et al., 2019). These are important
areas of future research. For one, studying the variety of science
video content could provide a useful replication of Cha (2014),
and extend it to account for audience orientations as a potential
moderator (Rosenthal, 2018). The discussion below highlights
some additional gaps related to media and scientific literacies and
the benefits and drawbacks of science videos on the internet.

First, if young people can learn from science videos by
taking new perspectives, what happens if they encounter an
appealing anti-science perspective? As Meyers (2012) found,
science videos can generate discourse among learners. Although
science videos on the internet can support independent learning
(Pecay, 2017), there is evidence that learners need scaffolding to
generate constructive discourse, at least in face-to-face settings
(Nussbaum et al., 2009). What kinds of scaffolding would
support more constructive discourse among youths in, for
example, the comments sections of online videos? And who
would provide that scaffolding? A couple obvious providers are
teachers and parents. But what levels of media and scientific
literacy should they have to provide effective scaffolding? This
raises the separate but related issue of parental mediation, which
involves monitoring and regulating the media use of children,
often focusing on developing media skills (e.g., Livingstone
et al., 2017). However, parents may need both media literacy
and scientific literacy to properly guide their children away
from potentially detrimental perspectives. There is scant research
on this topic, which represents a potentially fruitful avenue of
future research.

Second, whereas media literacy and scientific literacy can help
audiences be more discerning, can they also equip individuals
and organizations with the knowledge and skills to spread
pseudoscience and misinformation? For example, the Cocktail
Conversation Guide to Global Warming shows savviness in both
communication and scientific misrepresentation. If bolstering
these literacies in public equips the anti-science camp with new
capabilities, then there may be an enhanced need for regulatory
solutions, such as censorship. But that would go against recent
calls for media literacy training as an alternative to censorship
(e.g., AlNajjar, 2019). At the same time, the consumption of
science videos on the internet is increasingly a collaborative
social activity (Dubovi and Tabak, 2020). The co-construction
of knowledge, as an affordance of the communication channel,
may also serve as a tool to combat the spread of pseudoscience
and misinformation. How much does that mechanism depend
on the media and scientific literacy of the participants? Research
in this area would bring a more sociological perspective to
the issue.

Most of the research about science videos on the internet
has appeared since 2015. It is a relatively new research
area, but with strong links to more established domains,
and is growing rapidly. This article presented a broad
sampling of the recent literature and discussed the roles of
media literacy and scientific literacy vis-à-vis the benefits
and drawbacks of science videos on the internet. Hopefully,
readers can use some of these ideas to enhance their own
thinking about this topic or initiate new and interesting lines
of thought.
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Scientists often aim to inspire others who may not be as knowledgeable about specific

scientific concepts to increase science interest and knowledge, mobilize communities for

social and political change, and encourage the pursuit of STEM careers. Ideally, scientists

would interact with public audiences face-to-face for rich dialogue and engagement at

community venues such as libraries, churches, schools, and grocery stores. However,

research shows the majority of Americans spend their time searching for scientific

information on the web. As an alternative, some scientists have taken to participating

in produced online video. Some online video platforms allow for synchronous dialogic

engagement, such as Skype, for video-sharing. Skype in the Classroom is offered for

school interactions with content experts through virtual field trips. The following study

provides a practical overview of a specific program called “Scientist Online: The Science

of Mosquitoes,” its application of Skype in the Classroom two-way video technology

for fostering STEM dialogue, and a qualitative analysis of scientists’ experiences and

scientist-student interactions. The authors analyzed interviews with the participating

scientists and call transcriptions of the scientist-student conversations with five schools

and more than 100 students from Florida, Pennsylvania, Canada, and Pakistan. Skype

in the Classroom served as an effective platform for scientists to engage with various

school audiences, improving their confidence in science communication. The online

synchronous format of Skype in the Classroom prompted scientists to prepare content

and conduct background research of participants’ locations in advance. Scientists

recognized the importance of their roles as science communicators to dialogue about

science in digestible terms, and Skype in the Classroom allowed them to balance

their roles as researchers and contributors to public outreach. Recommendations are

also discussed.

Keywords: public outreach and education, science communicaion, science educating, STEM careers, video-

sharing, dialogic model, dialogic model of communication, Skype in the Classroom
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INTRODUCTION

Americans’ confidence in scientists has steadily increased in
recent years, yet research shows those who trust science
often have an existing high level of science knowledge and
politically tend to be Democrats (Funk et al., 2019). A science
communication myth exists that the public is uneducated and
scientifically illiterate, and that simply supplying information
will solve the science knowledge gap (Nisbet and Scheufele,
2009). However, research has shown this Deficit Model way of
thinking and communicating is ineffective and simply providing
information does not promote literacy or knowledge gain
[National Academies of Sciences, Engineering, and Medicine
(NASEM), 2017]. It is imperative that scientists and science
communicators instead participate in targeted and sophisticated
two-way public engagement for promoting education and change
(Nisbet and Scheufele, 2009). Learning theories and research
indicate a learner is more likely to commit new information to
memory through active learning and engagement (Kolb, 1984;
Markant et al., 2016).

Scientists are often motivated to share their awe and love of
science with public audiences to potentially inspire others who
may not be as knowledgeable about specific scientific concepts
to ultimately increase public science interest and knowledge
to mobilize for social and political change in communities,
as well as the potential pursuit of STEM (science, technology,
engineering, and math) careers (Nisbet, 2018). Ideally, scientists
would interact with public audiences face-to-face, in-person for
deep, rich dialogue, and engagement at community venues such
as libraries, churches, schools, grocery stores, and restaurants
(Nisbet, 2018). While in-person engagement is ideal, research
shows the majority of Americans spend their time searching for
scientific information on the web (Brossard and Scheufele, 2013).

The current Information Age, need for distance education
and engagement of a mobile smartphone society, and dwindling
travel budgets have decreased opportunities for scientists to
engage directly in-person with public audiences (Lacina, 2004;
Lukes, 2014). As an alternative, some scientists have taken
to participating in professionally produced online videos and
even developing their own multimedia for reaching public
audiences (León and Bourk, 2018). For instance, Sugimoto
et al. (2013) found scientific scholars have participated in
TED (Technology, Entertainment, Design) talks for in-person
audiences, which are then shared more widely for online
viewership. The researchers examined 1,202 TED talk videos
on YouTube with 998 unique presenters from 11 universities
around the world, and they found the videos had hundreds of
thousands of views and increased participating scientists’ online
visibility which could potentially increase public popularization
of science. Welbourne and Grant (2016) examined science
communication videos on YouTube (n = 411) and found user-
generated videos were just as popular as videos created by science
communication professionals. The researchers stressed that video
producers (users or professionals) should consider YouTube as a
platform for two-way engagement with audiences via comment
interactions and ratings, so as not to simply post content and
ignore interaction opportunities.

Video engagement for increasing science literacy occurs in
several different formats across formal, non-formal, and informal
settings, and technologies. Teachers often use video in PK-12
classroom settings to introduce students to scientists, STEM
careers, science concepts, and laboratory and field locations not
accessible via physical class field trips. Higgins andMoeed (2017)
found that students valued viewing 10–20min pre-recorded
science video clips along with integrated reflective and discussion
activities for deeper learning. In addition to pre-recorded video
clips, teachers can implement live television and web-casted
electronic field trips (EFTs) for increasing STEM engagement
and learning (Adedokun et al., 2011, 2012a,b). EFTs typically
include a subject matter expert in a field or laboratory location
connecting with youth synchronously through live video and
interactive chat about a focused topic or theme that enhances
STEM classroom instruction (Loizzo et al., 2019).

Some online video platforms allow for synchronous EFT
dialogic engagement, such as Skype for video-conference calls
(Morgan, 2013; Skype, 2020). Through Skype, multiple sites
can visually see and hear one another via online video and
audio connections. Additionally, Microsoft offers Skype in the
Classroom for specific PK-12 classroom interactions with content
experts and virtual field trips (Foote, 2008; Skype in the
Classroom, 2020). Teachers have leveraged Skype for a variety
of engagement events such as to connect international students
with English speaking virtual guests to practice conversing with
one another (Tsukamoto et al., 2009). Classrooms can also
connect with scientists to meet them, see where they work, and
ask questions about topics they learn in their school’s science
curriculum (McCrea, 2012).

Research has shown scientists are typically depicted as
stereotypical white male scientists in lab coats mixing chemicals
and that female youth often lose interest in STEM disciplines,
sometimes due to perceptions of scientists as mostly male
working in labs all day (Lane et al., 2012; Ferguson and Lezotte,
2020). Social cognitive theory posits that imagery through media
and vicarious engagement with role models could enhance
motivation and learning (Bandura, 2001). Technologies such as
Skype in the Classroom can provide interactive video dialogue
to promote richer engagement and learning, as well as introduce
students to a variety of scientist role models, science settings,
and foster relationships that might not have otherwise been
possible (Adedokun et al., 2012b). Research has shown EFTs
can positively impact youths’ STEM perceptions of scientists
and careers (Adedokun et al., 2012a). The following section
continues to build upon science communication and video
research to introduce the conceptual framework that guided
this study.

CONCEPTUAL FRAMEWORK

According to the National Academies of Sciences, Engineering,
and Medicine (NASEM) (2017), science communication is
defined as “an exchange of information and viewpoints about
science to achieve a goal or objective such as fostering
greater understanding of science and scientific methods or
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gaining greater insight into diverse public views and concerns
about the science related to a contentious issue” (p. 2).
Communicating the sciences requires various skills for evolving
scientific topics and diverse audiences, yet there is a lack
of training for teaching scientists [National Academies of
Sciences, Engineering, and Medicine (NASEM), 2017]. To
improve communication, emerging scientists should take classes
or training in communication (Nisbet and Scheufele, 2009). The
extent of training is problematic, since science communication
programming ranges in its foci, goals, and duration—many
varying from one-day training, semester-long courses, to
higher education degrees from universities (Baram-Tsabari
and Lewenstein, 2017). Additionally, some emerging scientists
report the lack of opportunity to practice communication
(Cerrato et al., 2018). Furthermore, scholars dispute which
communication model to teach and practice (see Trench,
2008).

In the past, science communication operated in a deficit
model, where the experts in a scientific field would transfer
information through one-way communication channels to
individuals who were perceived to lack the knowledge or
had a deficit content knowledge (Trench, 2008). Since World
War II until the 1980s, this theoretical model influenced the
approach to communicating sciences to the public (Schiele,
2008). Science communicators tried to replace the deficit model
with the “contextual model,” where science interests are based
on one’s contexts and curiosities (Cheng et al., 2008, p. 2).
Nevertheless, both the deficit model and contextual model lend
to science communication between two distinct parties, science
and society, with one leading over the other (Cheng et al.,
2008). Many scientists see the “other” or the “public” as a
homogenous, non-scientific group, which discounts the nuances
of the audience (Simis et al., 2016). While some scholars argue
the deficit model is “wrong” [National Academies of Sciences,
Engineering, andMedicine (NASEM), 2017, p. 3], other scholars,
such as Trench (2008), believe the commonly held models of
science communication (i.e., deficit, dialogue, and participation)
work best in particular contexts. However it is argued, the
deficit model persists due to scientists who have less affinity
toward the social sciences, ultimately perpetuating the top-down
approach to science communication (Simis et al., 2016). Thus,
scientists need training in the social sciences and practice in
communication to communicate salient topics in the sciences
with audiences effectively.

Scholars argue public science engagement should not
occur through persuasion or marketing because those
methods would only reinforce the deficit model’s top-down
approach, ultimately compromising the public’s trust (Nisbet
and Scheufele, 2009). The dialogue model encourages two-
way communication where audiences use their information
and experience to contribute to the communication process
(Trench, 2008). Two-way communication is commonly
seen in communication theory within the field of public
relations, which has permeated into the science field (Kent
and Taylor, 2002; Trench, 2008). Other two-way model
names include “science in society,” which does not support
that knowledge is transferred from two unequitable groups,

but between multiple groups with equal relationships
(Casini and Neresini, 2012, p. 37).

Dialogue has multiple definitions, but it is essential to
distinguish that dialogue is not a process but rather, a product
of reiterative relationships and communication within those
relationships (Kent and Taylor, 2002). The relationships are
evolving with global connectivity through innovative technology.
With the emergence of online media, stakeholders have a greater
voice in organizations and decision-making when utilizing the
dialogue model (Pang et al., 2018). Other research indicates
age and communication experience impact the relationships
scientists have with different audiences within the dialogue
model. Cerrato et al. (2018) contended young and emerging
scientists (23–29 years old) engaged in a dialogic approach to
communication because they wanted to share their passion and
felt socially responsible. Moreover, Cerrato et al. (2018) found
that among Spanish scientists studied, younger scientists had
more formal training with science communication than their
older colleagues. Interestingly, science communicators recognize
the importance of the dialogic model, yet it is rarely emphasized
in training (Yuan et al., 2017).

The following study applied dialogic science communication
thinking to a two-way video EFT engagement program between
scientists working in a real-world laboratory setting and
youth participating from their classrooms. Using video as a
medium to connect scientists to classrooms is not a new
phenomenon (Falloon, 2012). The use of video to connect
scientists with students, in conjunction with other mediums
of information, may encourage middle school students to
pursue various careers in STEM (Wyss and Watson, 2013).
Creating a dialogue between students and scientists via video
conferencing can give teachers flexibility in their classrooms and
help students see a broader scope of careers in the sciences
(Chen and Cowie, 2014). Videoconferencing can be a resource
to connect students and scientists, yet it can be expensive
and consume resources (i.e., time and money) when trying
to coordinate lessons with the changing curriculum (Falloon,
2012). Many teachers already use Skype at their schools, so
little additional technology resources are needed to use Skype
in the Classroom (Maughan, 2020). For instance, Skype in the
Classroom requires only a free Skype account and Microsoft
account, an internet connection, a webcam, microphone, and
speaker (Maughan, 2020).

PURPOSE AND RESEARCH QUESTIONS

The purpose of this study was to explore participating
scientists’ perceptions of science communication, as well as
their experiences participating in synchronous, live video web-
streamed, interactive EFTs and communicating their science to
diverse PK-12 audiences. The research questions guiding this
study were:

RQ 1: What are scientists’ views of public engagement
and outreach?

RQ 2: How do scientists’ view their roles in public
science communication?
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RQ 3: What are scientists’ overall experiences teaching
entomology content via Skype in the Classroom platform?

RQ 4: How do scientists navigate interactive dialogue
with a variety of PK-12 audiences via the Skype in the
Classroom platform?

METHODS

The EFT programs were conducted in partnership with
Streaming Science (2020), and online student-led science
communication platform, and the Public Issues Education (PIE)
Center at the University of Florida. The Florida Department of
Health funded the project, as part of a public mosquito education
and research grant. The specific project examined was titled
Scientist Online: The Science of Mosquitoes, and the facilitation
and scientist team used Skype in the Classroom as the registration
and delivery channel for connecting scientists with schools in
real-time via web-streamed video and audio.

The authors served as program facilitators and researchers
and conducted a qualitative descriptive case study (Yin, 2018)
including interviews with three university entomologists who
participated in the EFTs, as well as analyses of Skype call
transcriptions. Scientists connected with five schools with more
than 100 students from Florida (one elementary classroom),
Pennsylvania (two classrooms viewed from two different
elementary schools), Canada (two middle classrooms viewed
from one school), and Pakistan (all male boarding school with
one classroom of adult learners).

Scientist Online
The Science of Mosquitoes took place in April 2019 and included
Skype calls covering content focused on mosquitoes, mosquito-
borne illnesses, prevention and protection, and entomology
careers. The three university entomologists were selected to
participate in the Scientist Online program, based on their
involvement with the FDOHmosquito grant (see Table 1).

Prior to hosting Scientist Online, we created a promotional
web page via the Streaming Science WordPress page, as well
as a web page through Skype in the Classroom to serve as the
program’s recruitment and promotion platform. We scheduled
a meeting with a Skype professional, in order to clarify how
the Skype in the Classroom platform works and how we could
customize their web template to meet our program’s needs.

Through Skype in the Classroom, we were able to provide a
Scientist Online program description, introduce the scientists,
and allow teachers to register their classrooms on available
production days on a first come, first serve basis.

After creating the Scientist Online site through Skype in the
Classroom, we met with the entomologists to discuss program
logistics. We explained the equipment set-up, encouraged them
to create a content script or outline that would meet the
program’s learning objectives, and supported their ideas to use
visual aids/props. Following the initial meeting, we met one
of the entomologists in the lab a few weeks prior to our first
production day to practice setting up the equipment and rehearse
the Skype call.

On the production days (see Figure 1), equipment included:
(a) a laptop on a cart with a head and shoulders, medium
framed shot of the scientist during the call, (b) an iPad used
for close ups of the props and to follow the scientist around
the lab, (c) a microphone clipped to the scientist, and (d)
headphones attached to the iPad in order to avoid audio feedback
between devices. It is important to note that our team used two
separate Skype accounts in order to have both devices logged in
simultaneously during the calls. Scientists used props including

FIGURE 1 | Behind the scenes of Scientist Online. An entomologist shows a

mosquito cage to students participating via Skype.

TABLE 1 | Scientist pseudonyms, degrees, positions, and locations of Skype schools connected with during their EFTs.

Pseudonym Degrees Position School locations

Amy Ph.D. Entomology B.A. Biology Assistant Professor Canada

Pennsylvania-Classroom 1

Carol Ph.D. (Candidate) Entomology and

Nematology

M.S. (Candidate) Public Health

B.S. Entomology and Nematology

Lab Assistant

Student

Pennsylvania-Pennsylvania

Classroom 2

Rose M.S. (Candidate) Entomology and

Nematology

B.S. Biology

Lab Assistant

Student

Florida

Pakistan
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FIGURE 2 | The researchers’ qualitative coding process for arriving at thematic results.

(a) plastic figurines to illustrate the life cycle stages, (b) plush
mosquito, (c) PowerPoint slides of mosquito photographs, and
(d) a screened-box of live mosquitoes.

Once all of the Scientist Online EFTs were completed, the first
author recruited the scientists to participate in approximately 30-
min, semi-structured interviews via Zoom, a video conferencing
platform that can video and audio record and transcribe the
conversation. Examples of interview questions include: (a) How
would you describe your Skype in the classroom experience
for the mosquito project? (b) What Skype in the classroom
moment stood out to you the most? (c) What were some
of the students’ questions that stuck out to you and how
did you handle those questions? (d) How did you plan to
prepare yourself for call? We downloaded the Zoom interview
transcripts into Microsoft Word to clean and verify them.
Then, we uploaded the transcripts into Dedoose, a web-based
software application that allowed us to organize and analyze
the data.

The lead and second researcher open and axial coded
interview transcripts and Skype EFT dialogue transcripts
for emergent themes (Saldaña, 2016). We used the constant
comparative method to develop deductive and inductive
transcript codes, grouped codes into chunks, and ultimately
combined chunks into themes (Glaser, 1965). The third
researcher reviewed codes and verified interpretations
throughout the coding process. Figure 2 provides an example of
the coding process.

To achieve validity in the study, researchers triangulated
the data which included: (a) three interviews with the
participating scientists, (b) five transcripts of the Skype calls,
(c) researchers’ field observations and (d) interviewed scientists
were asked to review quotes and interpretations. The University
of Florida’s Institutional Review Board (IRB) approved the
research protocols.

RESULTS

Four themes emerged from the data analysis. The
following subsections highlight the themes with samples of
supporting data.

Theme One: Scientists Value Outreach and

Engagement (RQ1)
Scientists valued public outreach opportunities to develop
confidence in their communication skills through a variety of
programs. When asked why science engagement is important,
Carol replied that scientists should not “do research just for the
sake of research.” She also explained that:

I don’t think science communication has to be any one specific
way because different scientists have different strengths. Not
everybody wants to get up in front of a group of 50 people and
talk about the science that they do. But that doesn’t mean that
a scientist can’t do something really simple like post a blog or get
on Reddit and do an AskMe Anything session. There are so many
different outlets for doing science communication that it doesn’t
have to look the same for every person. I think that scientists that
are scared to domore science communication should just seek out
different ways that they’re comfortable with doing it and then, just
take advantage of those. You don’t have to do what your friend is
doing. You can do what fits your personality and what fits your
comfort level.

Likewise, Rose shared that, “The thing is, everyone’s not a good
speaker or is engaging, and so I think that, there’s sort of
a continuum.”

As an assistant professor, Amy had her own lab and shared
that, “Part of my mission in my lab is education and outreach,
specifically around insects and with a focus on ants. We have
several, I wouldn’t call them presentations, but we sort of have
kits ready for going to events.”

Each of the scientists were asked what advice they would give
to scientists looking for ways to engage with the public. Rose and
Carol described local opportunities for scientists to dialogue with
people who are curious about science. Rose shared, “Themuseum
on campus [is] developing outreach opportunities, and they want
to recruit scientists.” Carol explained that when local events are
happening, “Make sure that you’re present for those, because
there’s tons of opportunities to engage with the public anywhere
you are. It’s just that you have to actively seek them out.” Amy
encouraged, “This [Scientist Online] is probably like a starter, you
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know, a neat way to try something. Maybe for interacting with
people farther away.”

In this particular context, Carol admired the Scientist
Online program and synchronous video connection, “...makes
something like the University of Florida research lab accessible to
anyone in the world. So, someone from Saudi Arabia or Vietnam
or Pittsburgh, Pennsylvania can call in and get to see a lab that
they may not have otherwise had the opportunity to see. So, that
aspect of it is really cool.” Similarly, Amy thought “there are real
advantages [to interactive video], especially for schools that are
very far away.”

When her first EFT began, Amy enthusiastically greeted the
students in Canada, “Thanks for signing up, and [I’m] really
happy that you reached out!” As the call was coming to a
close, Amy made a point to thank the teacher and students,
“...for tuning in and for all of your great questions. I really
enjoyed talking to you today. Stay warm and I hope you guys
all do well and get interested in the science of insects and the
[research] efforts.”

One of Amy’s most memorable moments during her time with
Scientist Online was when:

One of the teachers said, as the kids were filing out of the room,
some kid turned and said something like, “Well now I know what
I want to be when I grow up - I want to be an entomologist.” So
that one awesome comment, that stuck with me, like, “Okay, I
guess it works!”

Amy discussed how she was struck by a moment that a student
told their teacher they wanted to be an entomologist. She noted
how her presentation and video engagement during Skype in the
Classroom as a scientist can inspire student viewers to pursue
future careers in STEM.

Theme Two: Science Communication

Should Be Simple and Engaging (RQ2)
Scientists viewed their role in science communication as relaying
new information to the everyday person in consumable ways to
promote change.

Carol explained that she believed, “Every scientist should
make an effort to make the research that they do digestible.” She
said scientists should make it a goal of theirs to participate in
outreach initiatives regularly. She continued by explaining that
if people are able to learn about the vastness of research and
what “goes on behind the scenes” people will be more on board
when “something like a new insecticide is released or a new thing
is discovered about a virus.” Similarly, Amy said, “it [science
communication] has to do with people who are not involved
in generating science and so public audiences, communities,
stakeholders, and so on. Not just advancing the field.”

After interacting with the students during Scientist Online,
Carol described her presentation process for teaching mosquito
appreciation and mosquito-borne illness prevention to
younger audiences:

I wanted to just explain what the life of the mosquito looks like
from start to finish. Because if you understand that, you can

understand what you can do to prevent them [mosquito-borne
illnesses]. So, a lot of people do not know that mosquitoes spend
part of their life in the water. And if you know that they spent part
of their life in the water, then you know that by getting rid of water
or treating water that you can prevent their development. So, I
tried to focus a lot on the life cycle, but also that mosquitoes are
not just all these terrible creatures that are always hurting us and
always biting us. There is such a crazy diversity of mosquitoes and
they can actually be really beautiful. So, I tried to show pictures of
mosquitoes that were not ugly and that don’t feed on people, so
that they could see just how awesome diversity is out there in the
first place.

Amy also wanted to teach about the diversity among mosquitoes
and science as a whole. She said she “...was really happy to have
some conversation about how we do the science, who was doing
the science. So that was nice.” When reflecting on a challenging
question and teaching moment, Amy recalled:

People did have some really interesting questions about mosquito
control, and because that is a really tough topic to answer
questions about, basically the answer was, “That’s a really good
question, and I don’t have a specific answer for you. But here are
some of the challenges that I’m trying to figure out.” The kind of
questions like to spray or not.

When Rose “...wanted to talk about mosquito diversity and how
not all mosquitoes bite people and different mosquitoes carry
different vectors for different diseases,” she used props as visual
aids and thought that “...the photos [were] really great for that
because [the mosquitoes] all look so different.”

All scientists expressed their efforts toward creating an
engaging and informative experience for the students. They
intentionally framed concepts in digestible ways depending
on the audience’s interests regarding mosquito control
and prevention.

Theme Three: Plan Ahead, Prepare

Content, and Use Visual Props (RQ3)
Scientists found teaching specific scientific content and learning
objectives via an online interactive video platform required
planning and preparation, as well as a variety of visuals for
piquing viewers’ interests.

Hosting the Scientist Online program was different from
the usual outreach and engagement opportunities that the
scientists had done before. When recollecting their past outreach
experiences, the one thing Carol “...had really ever done that was
similar is I’ve given talks online, but that I don’t feel like it’s
the same because it’s not interactive.” Rose thought that “...in
person, you might have a little more one-on-one interaction with
different people, instead of the group as a whole. I do feel it’s a
little more formal just because I can see myself and like when
you guys were there, [with] two cameras on me.” When asked
what was different about planning for the EFTs vs. an in-person
interaction, Carol felt:

Things go a lot faster when you’re in an online environment. So,
you have to have more material prepared than you would in a live
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[in-person] environment because in a live environment, people
feel free to just raise their hand immediately when they have a
question, and so, I felt like I was flying through material that
would have usually taken me double the amount of time to talk
about with a live group. That was definitely different, meeting to
prepare a lot more information.

In order to adequately prepare, the facilitators encouraged
scientists to plan ahead in whatever way worked best for them.
All of the scientists chose to create a learning objectives outline
and script to guide their calls. Rose said she “...really love[d] that
we made our script. Once we decided on what we were actually
talking about, and it wasn’t even really a script. Just kind of
points to cover.” Amy described her planning and preparation
technique as:

I had a printed-out guide of what is basically like my backup plan.
If no one asks any questions, this is what I’m going to talk about.
And then, I tried to adjust what I was talking about, to what the
questions being asked were. So, if a student did come up and have
something to say while I was talking, I would just kind of try to
follow that track and then eventually I would circle back to the
written plan that I had for myself and then just cover those topics.

During the planning and preparation process, the scientists
decided it would be helpful to have visuals and props similar
to how they would during an in-person, face-to-face outreach
event. Scientists used a variety of visuals to engage the students,
including PowerPoint presentations with photos, visual props,
and a box of live mosquitoes in the lab. Amy recalled “...how
excited people were about these little plastic [mosquito] toys
that we showed.” Carol showed students around her lab and
the place where they keep live mosquitoes, “I also brought some
live mosquitoes for you guys to look at, as well. Here are some
mosquitos in here” [Skype transcript- Pennsylvania: Classroom
2]. Carol also used a visual prop to review the body parts of
a mosquito with her students. Additionally, all three scientists
showed photographs to explain content such as mosquito body
parts and the variety of the different species. Supporting examples
from program transcripts include:

“If you look at this picture here, what you’ll see is that
from the head, those mouthparts have now separated out.”
[Skype transcript-Canada]

“I’m going to show you a series of photos of mosquitoes, just
so you can get a sense of some of the diversity that’s out there.”
[Skype transcript-Pennsylvania: Classroom 1]

“We have a PowerPoint with some photos we can show
you, too, some really cool close-up photos.” [Skype transcript-
Pennsylvania: Classroom 2]

All of the scientists expressed some room for improvement when
considering the Skype platform. While several schools registered
via the Skype in the Classroom website, some did not show up
for their reserved time due to time zone issues, health reasons,
or technology limitations. Carol said it is important to “...make

sure that schools are going to tune in at all, so that you don’t
have people preparing for the outreach activity, and then, no
one showing up.” Amy shared a related observation about her
Scientist Online experience:

It was good except that I think that the connectivity issues or the
commitment issues from whether or not the school showed up
at all became the issue. So, that was hard and maybe a little bit
sad for the students involved. So, if there was some way to get
commitment from the classrooms, or a little bit of information
from them ahead of time about what they were interested in,
or what their background knowledge was, that would be really
helpful because I think that’s all about knowing your audience and
tailoring the content for those students.

Another ubiquitous point shared by all of the scientists was
that the entire program arrangement was made more enjoyable
because the team of communication professionals was there to
facilitate, coordinate, and assist with the preparation, planning,
and production details. Rose shared, “You guys made it very easy.
I thought it was great that I could sort of devise what we’re going
to talk about, set up my props, but like the logistics, you know,
were sort of handled by you all.” Amy expressed that:

I think probably the best part of it was that you guys do all the
work ahead of time. I mean, I didn’t do any arranging with classes,
you all basically did it. Because getting the technology setup I
think was a big part of it, and that’s often the burden. Also, there’s
a time burden of coordinating with people but with you all, it
was easy.

Like the other two scientists, Rose was impressed with the
equipment used during the calls, “I think you guys have really
nice equipment, so it didn’t look like garbage. I think that part of
it felt very professional, and that was cool.”

When hosting a Skype in the Classroom call, scientists should
consider planning ahead, preparing content, and utilizing props.
Presenting to in an online environment left the scientists to
prepare engaging and relevant content. The scientists used
various strategies to capture the students’ attention while
also recognizing the support they received from a team of
communication professionals regarding production.

Theme Four: Adjust Content and Dialogue

for Diverse Audiences (RQ4)
The Skype in the Classroom format challenged scientists to
adjust to participating learners’ backgrounds, ages, knowledge-
levels, and country of origin. The classes of students were a wide
range in ages and levels in school. For the Pakistani classroom,
the scientists asked higher level questions because the class was
from an all-male boarding school and more advanced in their
education. For instance, Rose asked, “How do people become
infected with Plasmodium?” A student responded,

The male mosquito inject[s] the Plasmodium into humans, so
when the female mosquito come[s] to suck the blood, they
suck the Plasmodium, and they do produce eggs inside the
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stomach and the malaria parasite which cause[es] malaria as well.
[Skype transcript-Pakistan]

With younger students, the questions posed by scientists to
students were simpler, “What is your favorite thing about
mosquitoes?” and “Does anybody in your group raise
insects as pets?” [Skype transcript-Pennsylvania: Classroom
1]. Additionally, with the younger students, scientists
used warm and enthusiastic language toward science and
science topics, such as “cool” and “love.” Examples included
the following:

“I love to talk about this topic [scientific discoveries,”
[Skype transcript-Canada]
“I just think they [mosquitos] are really cool to be around” [Skype
transcript-Pennsylvania: Classroom 1]

To engage students, scientists did not treat the Skype classrooms
like a distant space. Instead, they fostered the synchronous
learning environment by asking the students questions, having
the students raise their hands, and selecting students as if they
were physically in their environment.

Here’s my quiz for you. First, I want to know, how well do you
know mosquitoes? One of these three insects is a mosquito, so
raise your hand if you think “A” is a mosquito. Raise your hand if
you think “B” is a mosquito. Raise your hand if you think “C” is
a mosquito. Wow, you guys are right. “C” is in fact, a mosquito.
Does anybody want to offer a reason that helped them know that
“C” was a mosquito? Is there something about its body that you
see that tells you it’s a mosquito? [Skype transcript-Pennsylvania:
Classroom 1]

The scientists also adjusted their dialogue depending on the
classroom’s country of origin. For instance, scientists prepared
by learning aspects of the audiences’ location, including their
differing ecological environments and prevention practices. Rose
discussedmarshy environments with the Pakistani classroom and
then, she asked students what they did to prevent mosquitoes,
the students discussed the insect repellent Mospel and mosquito
nets. In the Pakistani classroom, Rose elaborated on additional
mosquito protection and prevention with the use of mosquito
nets, staying indoors, and swatting them away:

You guys use the mosquito nets and long sleeve shirts...and not
going outside when they’re really active outside or staying away
from areas that are marshy...Are you guys good at swatting them
too or in like the air? [Skype transcript-Pakistan]

In comparison, Amy discussed lakes and rivers with the
Canadian students and prevention measures like screens on
windows, dumping sources of water around homes, and
staying indoors:

Some things we can do, also, you can’t get rid of lakes and rivers,
but you could dump containers if they have water around your
home because that’s a big source of mosquitoes that are very close
to people, so flower pots and things like that. [Skype transcript-
Canada]

For the classrooms in Pennsylvania, the scientists discussed
several ways to prevent mosquitoes including repellent, the use
of screens, and keeping indoor space cool with air-conditioning.
Additionally, with sixth graders, Carol emphasized what they
could do with their toys around their home:

I’m sure you guys have toys around your house, right? Do you
guys ever play outside and leave your toys outside or something?
Water can collect in those different types of toys, so what you have
to do is go around your house and look for any place where water
is collecting. If there’s a tarp in your yard or a bucket, or maybe a
slide or something like that, where the water is just pooling, you
want tomake sure that you dump out that water so themosquitoes
can’t develop in it. Does that make sense?

Scientists were informed of the grade level and geographic
region that the schools they were hosting a call with. Through
interviews, scientists expressed their strategies to adjust their
approach and jargon associated with mosquito control.

CONCLUSIONS AND

RECOMMENDATIONS

It is essential to explore the impact of digital, video-based
science communication methods on scientists’ approaches,
and experiences communicating with various school
audiences. Especially considering the Covid-19 pandemic
and its impact on the education system. “Scientist Online:
The Science of Mosquitoes,” its application of Skype in
the Classroom two-way video-sharing technology fostered
a virtual student-scientist interaction. The Skype in the
Classroom format challenged scientists to create compelling
content for students of various ages and backgrounds.
Examining programs like Scientist Online can inform
educators and science communicators on how to best approach
teaching remotely.

The results of this study suggest that scientists value outreach
and engagement opportunities. Each entomologist expressed
the importance of every scientist exploring their preferred
method of science communication whether that be at local
community events, classroom presentations, social media outlets,
invited talks, or even virtual interactive video programs like
Scientist Online. All of the scientists understood that science
communication efforts should strive to be simple and engaging.

This program challenged the scientists to intentionally
adjust their content depending on their audience’s age
group and country of origin. For example, classrooms from
Florida, Pennsylvania, Canada, and Pakistan participated in
Scientist Online. In order to feel prepared for the program,
each scientist spent time creating an outline or a script
with information connected to the program’s learning
objectives about mosquitoes and their life cycle, mosquito-
borne illness, and prevention and protection. However, each
scientist shared that they did not strictly follow their outline
during the program. This afforded the students with the
opportunity to engage in a real conversation with the scientists.
Therefore, each scientist had various conversations with the
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different classes. Some of the conversations ranged from
specific inquiries about mosquitoes and vector diseases, to
mosquito prevention measures, and even questions about
weather conditions in Florida compared to theirs out of
the state.

The researchers recognize that some limitations were
present in this study. The study included three female
entomologists, two of them worked together in the same
lab, to richly examine their experiences with interactive,
real-time video webcast outreach programming. Therefore,
the results are not generalizable to all scientists and online
outreach. However, the results are still of interest for
planning similar programs and may serve as a basis for
future research relating to digital communication strategies
in education and the relationship between scientists and
science communicators.

Recommendations include: (a) scientists should first grow
their public engagement skills through in-person interactions,
before facing the challenges of live video-mediated dialogue, (b)
scientists and professional science communicators should work
together to maximize potential outreach—the communicators
can recruit and register schools, assist in planning content and
learning objectives, and provide technical video support, while
the scientists focus on audience engagement, and (c) Skype
should be used for reaching diverse audiences who typically do
not have access to STEM researchers.

As research continues to support the utilization of dialogic
two-way communication strategies, scientists and science
communication professionals should continue to develop and
study programs like these. Future research should explore the
impact of live video-based programs on scientists’ confidence and
communication skills. Additionally, Falloon (2012) found many
students were not comfortable talking to experts during video–
conferencing sessions due to a lack of trust and need to create
a safe space to learn and ask questions with expert scientists.
Therefore, future outreach programs like Scientist Online
should continue to encourage dialogic student engagement
with scientists, in order to foster trust, curiosity, and learning.
Ultimately, this study serves as an enlightening example in which
video technology and science communication can be combined
to create a unique two-way, dialogic learning experience for both
students and scientists alike.
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Recent works about science communication through online videos on YouTube have

focused mostly on categorization, content description, and the video’s approach to

scientific themes. However, still little is known about factors affecting science video

popularity on the platform. This study aims to describe the relationship between nine

content-related and content-agnostic factors, and the popularity of science videos

on YouTube, defined as the number of views per days since the video posting. We

collected a sample of 441 semi-randomly selected videos produced by the ScienceVlogs

Brasil project – a Brazilian alliance of science channels hosted by independent science

communicators on YouTube. Content-related factors were video theme, video format

and video editing features, while content-agnostic factors were video length, video age,

channel productivity, number of likes, number of comments and channel to which the

video belongs. Descriptive and inferential analyses were performed with the R software to

assess the correlation of each factor with the popularity of each video. Descriptive results

show that the most popular science videos are those with interdisciplinary themes, styled

either as vlog, animation or group conversation, and those belonging to the channels

“Ciência Todo Dia,” “Minuto da Terra,” “Canal do Pirula” e “Papo de Biólogo.” The

inferential analysis shows that the most relevant factors to predict popularity, according

to our model, are number of likes per video, channel productivity, video age and

video format.

Keywords: youtube, video popularity, science communication, content analysis, statistical analysis, science

videos, ScienceVlogs Brasil

INTRODUCTION

The internet has been increasingly relevant as a popular source of information about science
(Brossard and Scheufele, 2013). Every day, regular citizens go online to obtain information from
immediate issues, such as food safety (Ma et al., 2017) to big picture ones, such as climate
change (Fletcher, 2016); from new technologies (Anderson et al., 2010) to health issues (Fox
and Duggan, 2013). However, not all information is trustworthy: misinformation of all kinds
abound in the cyberspace (Wardle and Derakhshan, 2017). Misinformation associated with science
includes conspiracy theories, anti-science propaganda, rumors and straight-up fabricated news
about science and scientists (Scheufele and Krause, 2019). In this context, social platforms have
a paradoxical role: they both allow for engaging public science communication and are also
hotspots for the spread of misinformation. Recently, YouTube has also been flagged as a hotbed
of misinformation: until not long ago, videos with conspiratory, racist and pornographic content
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were being monetized (Mostrous, 2017), and in 2019
investigations reported that YouTube’s recommendation
mechanism, responsible for 70% of all the watch time the website
receives (Solsman, 2018), tended to exhibit videos that were
increasingly more right-wing, conspiratory and radicalized in
tone (Roose, 2018).

YouTube is a particularly relevant platform because of
its enormous reach: it is the second most accessed website
worldwide (Alexa, 2020), where 2 billion registered users watch
videos monthly (Cooper, 2019). Nonetheless, research on public
science communication (and on misinformation about science)
on YouTube is still in its infancy (Allgaier, 2019). Some
studies have tried to compose a typology of science videos on
the platform, focusing, for example, on editing and narrative
techniques (Morcillo et al., 2016) and on the difference between
online videos produced either television or for the internet (De
Lara et al., 2017). Other relevant research themes are the accuracy
of the scientific content of the video and its relationship with
video engagement and popularity (Keelan et al., 2007; Garg
et al., 2015) and what answers people get when they query about
politically charged keywords on science (Allgaier, 2016; Shapiro
and Park, 2018). However, with the exception of Welbourne
and Grant’s (2015) work, it seems there are so far no other
studies detailing which and how video features and video metrics
affect and correlate to the popularity of science videos on the
platform. Welbourne and Grant (2015) were mostly worried
about pointing out differences in popularity measures (views,
comments, subscriptions, number of shares and total rating)
and content factors (gender and number of presenters, video
pacing and length) between user-generated and professionally-
generated science videos.

In this study, which we see as complementary to theirs and
also inspired by it, we try to fill this gap in the literature by
focusing on another set of video features and platform metrics.
In other words, we analyzed to what extent a selection of factors
(video theme, video format, number of editing features, video
length, number of likes, number of comments, video age, channel
productivity and channel) are correlated to the popularity of
UGC (User-generated content) science videos on YouTube. To
accomplish that, we sampled 441 videos from the ScienceVlogs
Brasil project – a group of Brazilian science communication
channels on YouTube –, collected data on each video or channel
regarding nine factors (see Design and Methods) and performed
descriptive and inferential analyses on this dataset, in order to
verify the correlation of each factor with the dependent variable
“popularity,” measured as the number of views per days since
publication (views/day). Additionally, we strive to find which of
those factors were causally related to video popularity.

In this article, we first introduce readers to the ScienceVlogs
Brasil project; then, we briskly review the literature on the
popularity of videos on the platform, focusing on user-generated
videos. In “Design and Methods” we give more detail about
the data collection, the sampling method, and the variables of
interest. In the “Results” section we describe the most important
findings and outline the construction of the regression model,
and in the following section “Discussion” we interpret the main
findings of this work, highlighting key conclusions. Finally, we

point to some flaws of this research and promising paths forward
in the section “Limitations and directions for future research.”

ScienceVlogs Brasil

All the science videos were sampled from the ScienceVlogs
Brasil project – an alliance of independent YouTube channels
committed to communicating science to the general public,
founded in May of 2016. The project, launched with 18 channels
focusingmostly on Biological and Exact Sciences, quickly evolved
to presently incorporate around 60 channels with a broad variety
of themes. The videos were all produced in Portuguese, Brazil’s
official language. For a list of the channels that participated
in this research and other project-relevant information, see
Supplementary Material.

Literature Review
Research on YouTube video popularity is still recent, not
only because of YouTube’s young age but also for the lack
of information released by the platform on its algorithmic
decision-making. While the platform executes hundreds of
small adjustments in its algorithms every year (Lewis, 2018),
recommendation algorithms have undergone some major shifts.
The weight given to each factor used to recommend videos has
reportedly changed: until 2012, the dominant benchmark was
video views, which eventually led to the proliferation of clickbait
content on the platform; from 2012 to 2016, viewer watch time
(amount of time that viewers spend watching a certain channel)
and session watch time (amount of time that viewers spend
watching YouTube in a single seating or session) were favored
over video views (Cooper, 2020).

In 2016, Google started using deep-learning on many of its
companies as a general solution for learning problems (Metz,
2016). Also in this year, the only detailed official manuscript
reporting how machine learning and neural networks operated
in the recommendation system was released. The white paper,
authored by Covington et al. (2016) describes a two-step
approach: first, video candidates are selected as a response to a
query; second, such videos are ranked and displayed to the user.
In the steps, user history (views, watch time, user engagement and
satisfaction behaviors) and video context are used in the models,
besides other unnamed factors. In 2017, when the scandal of
forbidden extreme content on the platform exploded (Mostrous,
2017), YouTube made new adjustments to promote video quality
(Lewis, 2018), and in 2019 it reportedly made changes in its
recommendation algorithm to ban “borderline content,” so far
with unclear results (Alexander, 2020).

Meanwhile, a great part of the independent research on video
popularity on YouTube has tried to assess which video metrics
and features promote video popularity. Figueiredo et al. (2014)
investigated whether content alone could predict the popularity
of a YouTube video. After showing pairs of YouTube videos with
the same theme and without metadata to participants, they found
that there was little agreement on the most popular video of
the pair, but whenever there was consensus, the most popular
video chosen by the participants was also the most popular
video on the platform in most cases. This suggests that the same
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videos tend to be preferred by broader audiences, which indicates
that certain content features are able to attract more audiences.
Borghol et al. (2012) took the opposite path, and investigated
the impact of content-agnostic factors in videos with the same
content (“clones”). Results showed that, controlling for content,
videos with the most views were the most prone to obtain more
views, in a “rich get richer” effect. The size of the social network
of video uploaders and the number of keywords used to describe
the video were also shown to positively affect video popularity,
particularly if the video was uploaded recently.

The “rich get richer effect” is common in social network
platforms, and had already been identified and discussed in
other works (Napoli, 2018). Concerning YouTube, Bärtl (2018)
observed that a small number of channels (3% of them)
concentrate around 85% of the video views on the entire
platform. He attributed this phenomenon to two processes: first,
videos and channels that already have more views have a greater
sharing base; and second, there is a mismatch in the demand
and supply of YouTube genres: there are too many channels
belonging to low-demand genres (like People and Blogs) and
too few channels that interest a broader audience. Thus, the
channel category is a predictor of video popularity. Szabo and
Huberman (2010) also showed that early video performance can
predict future popularity, particularly when the initial audience
is not wide.

Many studies have focused on the description of the popularity
dynamics of YouTube videos in general. Results have shown that,
although the popularity of individual YouTube videos varies a
lot (Borghol et al., 2012; Figueiredo et al., 2014; Rieder et al.,
2018), peaks of attention in most videos are garnered in the
first days after their publication (Cha et al., 2007) – precisely
in the day they are posted, when 64% of all views, 79% of the
likes and 80% of the comments are gathered (Kessel et al., 2019).
Additionally, research in digital marketing shows that marketers
have around 10 s to grab enough of the ad viewer’s attention so
that he doesn’t click away (Pedersen, 2015), a finding presumably
related with the shrinkage of people’s average attention span
from 12 to 8 s, as indicated by a study from Microsoft Corp
(Microsoft Corp, 2015). Together, these findings suggest that, for
a video to be clicked on and watched, it must be engaging and
interesting from the very beginning, so that it will be watched in
its entirety, engaged with and become recommended, generating
yet more views. In other words, it is important that the format
and presentation of the videos provoke interest to bolster greater
engagement of the audiences.

Some descriptive work has been done to characterize
qualitatively science videos on YouTube. Morcillo et al.
(2016) investigated video editing and narrative features of 190
academic, professionally-generated, and user-generated science
videos from 95 science and education-themed channels. The
aggregate results show that the most popular subgenres were
monologs, animations, documentaries, and Q&A. The videos
had a moderate complexity of production, a high level of video
montage, and feature sophisticated storytelling techniques. In the
context of the Videonline research, that sampled and analyzed
826 YouTube videos on the topics climate change, vaccines
and nanotechnology, Ervitti (2018) verified that user-generated

science videos were mainly monologs (25.5%), animations
(14.4%) and experiments (11.1%), video genres she considered
“easier to produce, simpler and closer to the audience” (p. 35).
None of these works, though, attempted to relate video features
and popularity.

The fight for users’ attention also influences video length,
which varies widely between and within video genres. Gaming
videos tend to be the longest, with 24.7min, while entertainment
videos average around half of that (12.9min) and music videos
appear as the shortest, averaging 6.8min (Statista, 2019). A
study with data from 2019 revealed that the average length of
videos from the most popular channels was 12min, with a great
deal of variation: 3% of the videos were longer than 60min
(Kessel et al., 2019).

It is a common assumption that longer videos tend to be less
popular, because of their assumed inability to hold the viewer’s
attention and the widespread consumption of YouTube videos in
smartphones, which encourages videos to be short (García-Avilés
and de Lara, 2018). However, a reverse trend has been spotted:
the platform’s recommendation algorithms are pushing viewers
to watch increasingly longer and more popular videos, regardless
of the starting video (Smith et al., 2018). This suggests that the
platform itself, and not only viewers, promote both virality and
longer content. This trend goes hand in hand with YouTube’s
newly implemented policy of monetizing only channels with at
least 4,000 h of overall watch time in the previous 12 months
(Mohan and Kyncl, 2018). By demanding more watched time
from all channels, YouTube implicitly supports the making of
more and longer videos, that can bring the channel closer to
the 4,000 h mark. Thus, video length and channel productivity
are two factors that can potentially affect video popularity.
Channel productivity has also shown to be strongly and positively
correlated with number of channel subscribers and the number
of views received by the ten Spanish news channels with the
highest web traffic (Lopezosa et al., 2020). Although the channel
and video samples of this study were small (n = 10), results
suggest that channel productivity may be an important factor in
accounting for video popularity.

DESIGN AND METHODS

At the time of data collection (May to July of 2018), 36
channels belonged to the ScienceVlogs Brasil project. We
decided to exclude channels that produced videos that did
not correspond to our definition of science communication:
the communication of science-related topics to non-specialized
audiences using in a simple and non-academic language. We
rejected three channels: one that was focused on explaining math
exercises to students; another identified as an entertainment
channel, focused on recording situations using slow-motion
effects, and another that was the channel of the ScienceVlogs
group, whose communicators used to send messages to the
audiences of the project. We considered the remaining 33
channels for our analysis. All of them are user-generated,
except one (channel Zoa), which posts both content produced
informally by the host, but also snippets of footage of a tv
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show about science, presented by the same host for a local tv
channel in the Northeast of Brazil. We chose to keep videos
from Zoa in our sample because they are presented in a
very colloquial and relaxed manner, and the editing is not
sophisticated, which makes this channel not unlike the other
user-generated channels. We selected an average of 10 videos
from each channel, which is proportional to the number of
original videos in each channel (i.e., we considered a stratified
random sampling with proportional allocation. Our final sample
could not exceed a certain number of videos since the analysis
would be performed manually by only one researcher and
within a restricted deadline. The datasets generated by the
aforementioned process can be obtained upon request to the
corresponding author.

To perform the video sampling, we assigned a number for each
of them the oldest to the newest, and we applied the function
random. Sample from the Python software (v.3). We selected
the video corresponding to the number given by the function;
then we recounted the videos excluding the selected videos and
performed the function again. If the selected video was not
directly related to science communication – e.g., if it was a social
or political commentary without a research background, or if it
was a video about the presenter’s personal life, or if the video was
not authored by the presenter, we excluded it from the counting
process and begin again. Using this method, we sampled 441
videos from the 33 channels. For budgetary reasons and time
constraints, only one researcher was responsible for coding and
reviewing the data of all videos.

We manually collected data from each video according to
the variables:

1. video theme, according to the classification used by the
Brazilian research funding agency Fapesp: Earth and Exact
Sciences (being Exact Sciences those which require the use
of rigorous quantitative expressions and methods to test
hypotheses, such as Astronomy and Physics), Biological
Sciences, Engineering, Health Sciences, Agricultural Sciences,
Applied Social Sciences, Humanities and “Linguistics,
Languages & Arts.” We added the “Interdisciplinary”
category for the videos that did not clearly fit into a specific
theme. We attributed only one theme to each video.

2. video format, such as vlog (a format in which the host talks
directly to the camera, usually alone and appearing from the
chest up), interview (in which the host interviews someone),
short documentary or reportage (similar to a tv documentary,
in which the host presents the topic using a variety of
footage and voice-over effects), hangout (online conversation
in which host(s) and guests discuss certain topics), video
animation (such as live-drawings or 3D animations), live
conversations (in which the video host talks with a guest about
a certain theme in a free-dynamics, non-interview style),
commented video (in which a video from a different author
is commented through voice-over effects) and talk (such as a
TED presentation). We chose these formats after doing a pre-
analysis of some videos made by the project. We attributed
only one format to each video.

3. number of editing features: sound effects (soundtrack or
others), image effects (any use of still images and text, except
legends), video effects (use of another footage in the video),
the exhibition of a logo or vignette at some point in the
video, use of filters, use of the fast-forward technique, use of
the jump-cut technique, use of stop-motion technique, and
use of green-screen. Each one of these nine editing features
corresponded to a point, that were summed up for each video.
Thus, each video could amount from zero to nine points in
this category.

4. video length, in number of minutes,
5. number of likes per video,
6. number of comments per video,
7. video age, in number of days from the date the data retrieval

took place,
8. channel productivity, calculated from the number of videos

that channel had produced until the day of the retrieval
divided by the number of months since the channel began
posting videos regularly,

9. channel that produced the video.

As discussed in the literature review, all of these factors could
potentially affect video popularity on YouTube. Many other such
factors (number of keywords, initial number of views, number
of channel subscribers, thumbnail attractiveness) could also be
important; however, time constraints and practicality guided our
decision for this selection.

These nine variables served as covariates to the dependent
variable “popularity of the video,” measured in the number of
views of the video divided by the number of days since it was
posted (views/day). We chose this index for popularity since the
number of views alone can be highly influenced by the video
publishing date (older videos have time to accumulate views), and
we wished to minimize this effect. In this work, we considered
popularity as a function of the video alone, and thus we did not
consider the number of people subscribed to the video’s channel,
for example (it also would not be possible for us to track the
number of channel subscriptions at the time of the video release).

The descriptive and inferential analyses were performed using
the software R and went from September 2018 to February 2019.
We interpreted the strength of the correlation index according
to the parameters stated in Mukaka (2012). We performed
a logarithmic transformation in the response variable in all
analyses to obtain a normal and homoscedastic model. We then
built a multiple linear regression model for the relationship
between ln(Yi) and the dependable variables:

ln(Yi) = β0+ β1∗likes+ β2∗productivity+ β3∗age+ β4∗length

+λl∗features+ αj∗format+ δk∗theme+ ǫi,

in which Yi is the number of views in the i-th video. We
established the variable β0, which is the expected value of the
natural logarithm for a “benchmark video” (β0) – a video in vlog
format, with zero likes and comments, minimal size, minimal
channel productivity and minimal video age and length, zero
editing features and Biological Sciences as the theme. This is a
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FIGURE 1 | Number of views per day (log) x video theme (dots refer to outliers).

base value for the model, to which the effects of all the other
variables will be added. This is a base value for the model, to
which the effects of all the other variables will be added. The
coefficient β1 represents the increment (positive or negative) on
the expected value of the natural log of the dependent variable
for the increase in one unit in the number of likes; β2 represents
the increment (positive or negative) on the expected value of the
natural log of the number of views for the increase in one unit in
the productivity variable; β3 represents the increment (positive or
negative) on the expected value of the natural log of the number
of views for the increase in one unit in the age variable; β4
represents the increment (positive or negative) on the expected
value of the natural log of the number of views for the increase
in one unit in the length variable. The coefficients λl, l= 1.0.0.10
represent the increments (positives or negatives), associated to
the number of editing features of the video, on the expected
value of the natural log of the number of views. The coefficients
αj, j = 1.7 represent the increments (positives or negatives),
according to the video format associated, on the expected value
of the natural logarithm of the number of views with vlog format.
The coefficients δk, k = 1.7 represent the increments (positives
or negatives), according to the video theme associated, on the
expected value of the natural logarithm of the number of views
with Biological Sciences theme. Finally, we assumed that ǫi ∼
Normal (0, σ2) are mutually interdependent errors.

The variable comments was not part of this model to avoid
collinearity issues with the variable likes (ρ = 0.70). After the
model was fitted, a residual analysis, to check the goodness of
the model fit, was performed. We also did not add the variable
channel to the inferential analysis, since it did not match the type
of multiple linear regression model that we regarded as best for

this context. Subcategories within each factor that did not have a
big enough sample size (N ≥ 10 videos) were excluded from the
descriptive analysis.

RESULTS

Descriptive Analysis
We performed descriptive analyses to assess the correlation
of each dependent variable and the popularity of the science
videos. In total, data from 441 videos from 33 Brazilian channels
belonging to the ScienceVlogs Brasil project was analyzed. Here,
we present only the most significant results of this study.

As Figure 1 shows, videos that were interdisciplinary in nature
or had themes regarding Exact and Earth Sciences and Biological
Sciences were the ones in which popularity varied the most.
The average number of views of videos with these themes were
105.9 (N = 112), 128.6 (N = 89) and 58.2 (N = 116) views/day,
respectively. The most popular video of the sample, that gathered
an average of 3,749.54 views/day, was a very young video
belonging to the CET category and produced by an Astronomy-
specialized channel. Engineering videos (N = 14) and Health
Science videos (N = 13) were found only in small quantities and
had averages of 26.87 and 44 views/day, respectively. Videos with
the themes “Applied Social Sciences” and “Linguistics, Languages
and Arts,” were insufficient to produce statistically significant
results, and hence were excluded from the graph. Using the
determination coefficient (R2) of a one-way ANOVA, we found
that the video theme was not correlated with the popularity of
the video (R2

= 0.017).
Figure 2 shows that the format vlog (N = 276) presents

the highest variability in popularity of all formats, with an
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FIGURE 2 | Number of views per day (log) x video format (dots refer to outliers).

average of 94.3 views/day. It is followed by videos depicting
group conversations (N = 23), which includes podcast video
recordings and collaborative videos presented by two or more
channel hosts from the ScienceVlogs Brazil project. Videos in
this format had an average of 94 views/day. Animation videos
(N = 39), which were short (between 2 and 7min), presented a
higher median than the rest, and an average of 131 views/day.
Videos depicting interviews (N = 12) and hangouts (N = 18), or
recorded group conversations, were remarkably less popular than
the rest, with an average of fewer than 35 views/day. Kendall’s
rank-order correlation (τ ) showed that the video format was
not significantly correlated with the popularity of the video
(τ =−0.032, p= 0.382).

Although we previewed a total of nine editing features, no
video used more than seven of them at once. As Figure 3 shows,
the number of types of editing features does not appear to have
a clear relationship to video popularity. Kendall’s rank-order
correlation between editing features and video popularity was
negligible (τ = 0.097, p= 0.005).

Figure 4 shows that most videos have up to 25min of total
length, a bracket that also concentrates most video views. Most
videos that venture longer than that get fewer views (except
some videos in the upper right part of the graph, which
represent video footage of a famous podcast on History and
international politics).

We observed that the length of each format varied
substantially. Vlogs have an average of 10′24′′, while animation
videos were 3′51′′ long. Hangouts and live group conversations
were the longest formats, with averages 68′ and 60′, respectively.
Short documentaries were on average 6′46′′ long, while

interviews lasted an average of 12′15′′. Pearson’s correlation (r)
was used to examine the relationship between popularity of the
video and video length, and indicated that the correlation was
not statistically significant (r = 0.005, p= 0.923).

Most videos did not receive a large number either of likes or
comments. As seen in Figures 5, 6, there was a moderate positive
correlation between number of views and likes (r = 0.430, p <

0.001) and a negligible positive correlation between views and
comments (r = 0.254, p < 0.001).

According to Figure 7, most video views appear concentrated
in videos that were recently released, while older videos
tend to have slightly fewer views. The video views were
negligible negative correlated with the video age (r = −0.208,
p < 0.001).

Most views/day are concentrated in channels that do not
produce more than five videos per month, as Figure 8 shows. The
video views were negligible positive correlated with the channel
productivity (r = 0.102, p = 0.032). It is worth noticing that this
variable does not reflect the variations in productivity of each
channel throughout time.

The highest correlation registered in this study was the
one regarding video views and the channels to which they
belong (0.746). As seen in Figure 9, there is a big variability
in average video views among the channels. The four channels
that concentrate most of the views are Ciência Todo Dia (CT),
Canal do Pirula (CP), Papo de Biólogo (PB) and Minuto da
Terra (MT). Channels with the least popular videos were Boteco
Behaviorista, (BB), Jornal Ciensacional (JC) and Canal Zoa (CZ).
The complete list with all the channel names can be found in the
Supplementary Material.
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FIGURE 3 | Number of views per day (log) x editing features.

FIGURE 4 | Number of views per day (log) x video length (min).

Inferential Analysis
We performed a logarithmic transformation in the response
variable in all analyses to obtain a normal and homoscedastic
model. We then built a multiple linear regression model for the

relationship between ln(Yi) and the independent variables:

ln(Yi) = β0+ β1∗likes+ β2∗productivity+ β3∗age+ β4∗length

+λl∗features+ αj∗format+ δk∗theme+ ǫi,
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FIGURE 5 | Number of views (log) x number of likes.

FIGURE 6 | Number of views (log) x number of comments.

in which all the elements mean the same as given in the section
Design and Methods.

After fitted the complete model, a study of variable
selection was performed using the Stepwise method

(Hocking, 1976), in order to obtain a reduced
model with the significant variables to explain the
variables of interest. The reduced model reads
as follows:
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FIGURE 7 | Number of views per day (log) x video age (days).

FIGURE 8 | Number of views per day (log) x channel productivity.
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FIGURE 9 | Number of views per day (log) x channel (dots refer to outliers).

ln(Yi) = β0+ β1∗likes+ β2∗productivity+ β3∗age+ β4∗length

+ αj∗format2+ ǫi,

where “format2” represents the recategorized format
variable, in which the observations of categories 3
(short documentary or reportage), 6 (live conversations)
and 7 (commented video) were joined to category
1 (vlog). Since the behavior of these formats was
not statistically different from the behavior of vlogs
regarding popularity.

Table 1 shows that the intercept and the variables number of
likes (β1), productivity (β2), video age (β3), and video format
(αj) were significant to describe the independent variable. The
average number of views per day expected of our “benchmark
video” (β0) – a video in vlog format, with zero likes and minimal
channel productivity and minimal video age and length – is
of exp(2.978) = 19.65 views. For each extra like in the video,
keeping all other variables stable, the multiplicative factor in
the number of views/day is of exp(0.000) = 1. Likewise, for
each additional unit added to the variables productivity and
video age there is a multiplicative impact in the number of

TABLE 1 | Results of the final normal model.

Parameter Estimate Standard error t statistic p-value

β0 2.978 0.127 23.414 0.000

β1 0.000 0.000 17.328 0.000

β2 0.015 0.006 2.424 0.016

β3 −0.001 0.000 −9.253 0.000

β4 0.005 0.003 1.705 0.089

α1 −0.759 0.355 −2.137 0.033

α3 −0.928 0.333 −2.788 0.006

α4 0.992 0.209 4.753 0.000

α7 −1.552 0.608 −2.553 0.011

views/day of exp(0.015) = 1. 15 and exp(−0.001) = 0.999,
respectively. As for the variable video format, and noting
that all the formats here must be read in comparison with
format α0 (the vlog format), so that α1 = interview, α3 =

hangouts, α4 = animations and α7 = talk, we observed that all
these formats had some effect over popularity. Videos featuring
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interviews, hangouts and talk had a negative impact over video
popularity, as comparing them with the popularity of vlogs,
while animations had a positive impact, exp(0.992) = 2.697,
over popularity.

DISCUSSION AND CONCLUSIONS

When examined individually, some factors seem to have
more influence on video popularity than others. Only three
correlation indexes were somewhat strong in the descriptive
analysis: number of comments (0.363), number of likes
(0.604), and channel (0.746). The inferential analysis showed
that only the number of likes, channel productivity, video
age and some video formats had predictive effect over
video popularity. This difference of relevant factors happens
because, in the descriptive analyses, the relationship of each
factor with video popularity is analyzed individually and
undisturbed by other factors; in the inferential analysis,
however, the effects of different variables can potentialize
or mask the effect of other factors, and so the effects
change. In this section, we briefly discuss the most important
results of the study, starting by the ones that could predict
video popularity.

Likes and comments showed a strong correlation with
popularity. This makes sense, since engagement rates, partially
composed by engagement metrics as likes and comments, are
directly used by YouTube’s searching and ranking algorithms
(Covington et al., 2016). This likes-views dependence generates
the rich-get-richer effect, that boosts videos with an initial
high number of likes. Next in order is the strong correlation
of popularity and channel productivity. Channel productivity
may be important for beginner channels to reach the 4,000 h
of watch time and become profitable; and for all channels to
increase watch time stats and become more relevant on the
platform. YouTube’s official blog recommends that users only
post quality content as a way of increasing views and watch
time (Woicicki, 2019), but it seems logical that the bigger the
amount of videos in a channel the audience can choose from,
the bigger the channel’s chances to obtain watch time. There
is also the novelty factor: novel videos are more guaranteed to
obtain attention than older videos (even more so if they are also
topical), and channels that are constantly generating novel and
topical content can become a recognized source of information or
entertainment, a go-to source when the viewer wants information
of some sort.

Regarding video age, the third predictive variable, it seems
that newer science videos received slightly more attention –
were more popular – than old videos. For this, we have
two possible explanations. Firstly, some older channels favored
unpopular formats and stopped producing videos long ago.
Jornal Ciensacional, for example, started producing interview
and science news videos in 2012 and posted at an uneven
pace until 2017, when the last video was released. Quer
que desenhe produced animations about science for 2 years
and stopped all production in 2015. Universo Racionalista,
launched in 2015, posted hangouts irregularly (one gap in

posting lasted about a year) and produced very few videos.
Older videos from these channels were not attractive because
of the format, and these channels’ low productivity probably
hindered YouTube’s algorithms from recommending them.
Another possible explanation is that the newest videos of our
sample were produced by long-running channels that posted
regularly and had time to build an audience and experience with
video popularity to obtain more views, such as Space Today
(launched in 2015), Xadrez Verbal (launched in 2013), Ciência
Todo Dia (launched in 2012) and Papo de Biólogo (launched
in 2014).

We found some video formats to be significant to the
general popularity. Videos featuring interviews and hangouts
were shown as tending to be to be less popular than vlogs,
while animations tended to be more popular. The most often
observed formats in this work – vlogs, short documentaries and
animations – were also identified as dominant in other works,
such as Morcillo et al. (2016) and Ervitti (2018). The vlog is
considered a YouTube-native genre, and is by far one of the
most used formats in user-generated videos, requiring (but not
restricted to) very little editing.

We could also identify trends about factors that did not seem
to affect video popularity. For example, it is not difficult to
imagine why interdisciplinary videos exhibited more views/day:
they have a broader audience than specialized videos; besides,
they are also topical, frequently touching on political themes
and current affairs. Interdisciplinary videos also presented the
biggest variation in popularity. This probably relates to the fact
that almost all channels have produced interdisciplinary videos,
with more or less success. This means that the variations in
popularity do not depend on a specific group of channels that
always produces such videos, but on some videos of all channels.
We also noted that videos on Earth and Exact Sciences were
very popular (second place in general popularity, right after
interdisciplinary videos), although they were the fourth most
observed videos after the categories Interdisciplinary, Biological
Sciences andHumanities. This could reflect a popular preference,
but also the fact that most of such videos come from a small
group of broadly successful channels that are good either at
producing most watched videos (Ciência Todo Dia), or that
have a high productivity rate (Space Today). Coincidentally,
these channels produce either a good amount or all or all of
their videos about Astronomy and space exploration. Health
Sciences and Engineering were themes observed in < 15
videos each. Various channels did produce videos on Health
Sciences, but Engineering videos came mostly from the channel
Peixe Babel, hosted by two women. The little popularity of
Engineering videos could be an effect of the small number
of videos in the sample, but also to the fact that female
science video hosts generally receive less views on YouTube, a
phenomenon already referenced elsewhere (Thelwall and Mas-
Bleda, 2018).

The four channels that concentratemost of the views – Ciência
Todo Dia (CT), Canal do Pirulla (CP), Papo de Biólogo (PB)
and Minuto da Terra (MT) – are good representatives of science
channel with well-defined characteristics, that concentrate videos
with patterns of theme, length, format, and productivity that
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were shown to be correlated to popularity. Ciência Todo Dia,
for example, is a channel mostly about Astronomy, concepts in
physics and space exploration. Almost all videos produced by
CT are vlogs and are 7′38′′ in length, and video productivity
between 1.39 and 1.46 videos per month. Papo de Biólogo,
on the other hand, is a channel that produces between 2.08
and 2.38 videos per month and is dedicated to presenting the
habits and anatomy of wild and exotic animals in vlogs and
small documentaries that are 6′41′′ in length. Minute Earth is
an interdisciplinary channel by design, producing an average
of 2.83 videos per month that answer a variety of questions
from a scientific standpoint using animation. The videos are
2′4′′ long on average. Canal do Pirulla’s host produces vlogs
that are a mix of pure Biology videos and (a majority of) well-
researched content about current affairs. His videos are fairly
long, averaging 22′32′′, and he produces between 4.4 and 4.6
videos per month. Taken together, all of these channels produce
videos in mostly in successful formats (vlogs, animations and
short documentaries) about the most popular themes in the
length gap where most views/day are located. The variable
productivity showed a big variation here, but it must be
mentioned that it was made to reflect the average productivity
of the entire productive life of the channel, not necessarily
indicating how productive the channel was, say, in the last 3 or
6 months.

On the other hand, channels with the least popular videos
(Boteco Behaviorista, Jornal Ciensacional and Canal Zoa)
concentrated features that attracted fewer viewers. Boteco
Behaviorista is a channel that features hangouts (online
conversations) between several psychology researchers and
guests both about current events and within the psychology
field. The videos are 79′36′′ long in average, and the channel
produces an average of 1 video per month. Jornal Ciensacional
was mostly dedicated to reporting news about science in
interviews and short documentaries in videos about 7′02′′

long. It has stopped producing videos in 2017, but until then
it had produced < 1 video per month. Zoa is a special
case: as mentioned before, it reposted video footage of a TV
show about science, presented by the channel’s host, while
also producing homemade videos. The videos were 3′04′′ on
average, and the channel produced around 1.35 videos per
month. These channels produced mostly videos on the formats
interviews, hangouts and late night TV show (channel Zoa),
had low overall productivity, with long gaps in production,
and concentrated on producing news. Videos on news become
old very quickly, and if the channel does not keep a high
productivity rate, they do not fare well. Lastly, video length may
also have been an obstacle for popularity: hangouts, if not edited
enough, tend to be tiresome to watch, as is the case of BB’s
videos. The same can be said about medium-sized little edited
interviews (as in JS).

LIMITATIONS AND DIRECTIONS FOR
FUTURE RESEARCH

This study contains some limitations. Among them are:

∗ Bias in video categorization – since only one researcher carried
out the video categorization in themes and formats, it is
possible that such labeling is biased.

∗ Variable construction – variables, such as video theme and
video editing techniques, could be constructed in ways that
allowed for more information. For example, it could be
valuable for a descriptive work to note also the video’s specific
subject and how often it used certain editing features.

∗ Incompleteness of the model – we considered only a small
group of factors that could potentially influence video
popularity, and we knowingly left out many that would also be
relevant. We did so by time constraints and practicality. By no
means we regard this study as exhaustive work on the possible
factors affecting video popularity.

∗ Distortion in the view count – in the study, we considered
videos that were produced at any moment in time, including
very recent ones. View counts for such videos could be
distorted, since there was not enough days for their views to
be divided by. This means they could be regarded as more
popular than they really are, and channels that produced them
more popular as well. On the other hand, this distortion could
be compensated by the fact that videos were selected semi-
randomly, which reduces the effect of this potential distortion.

Although the scholarship on online science videos has grown in
the last few years, many questions regarding video popularity
on YouTube are still unanswered (and some, that touch on
the functioning of algorithms, will probably remain so). For
example, it is not yet entirely clear how the interplay between
elements such as number of views, likes and comments functions
on YouTube. To which measure is the number of views also
causing the numbers of likes and comments to rise? Some
other interesting research topics regard the audiences: who are
the people who consume science videos? What type of science
videos each profile prefers to watch? Also, how much do science
videos contribute to different types of science education and to
the change of attitudes on scientific issues? These and many
other questions will occupy researchers’ minds in the years
to come.
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INTRODUCTION

Over the past 20 years of my career, writing and producing science and natural history content for
broadcasters including PBS/NATURE, National Geographic, Discovery and the BBC, I have served
to tell another’s story, whether human, animal or ecosystem. I embraced “narrative ownership” as a
dictum ofmy field as it is always the writer, director, producer who asserts their signature on a story.
Methodologically, the study of narrative ownership begins with the idea that narrative is interactive;
it is about a relationship between tellers and hearers (De Fina and Georgakopoulou, 2011). The
problem is that the vast majority of “the tellers” of science and natural history videos (especially
those of ocean films) are predominantly white, and the stories told are from a Western scientific
perspective. The relationship the storytellers have formed with their “hearers” is thus based upon
that limited scope.

There is a wealth of scholarship on the lack of diversity in the sciences (e.g., Tallis and Lubchenco,
2014; Taylor, 2014; Green et al., 2015; Arismendi and Penaluna, 2016; Smith et al., 2017) and this
extends to its communication, especially in the realm of ocean science and media. Arismendi and
Penaluna (2016) stated, “Because diversity has been systematically underrepresented, we likely need
to consider additional ways to systematically include it.” This article explores my efforts to address
this need via the establishment of the Ocean Media Institute (www.oceanmediainstitute.org), a
global media collective that brings together diverse voices to create and distribute innovative online
videos that promote ocean literacy. Through OMI, we have developed our flagship online series, I
AmOcean, which casts a spotlight on the health of the world’s oceans through short video postcards
by those we rarely hear from, but are intimately tied to each ebb and flow. Combining the quest for
new knowledge that is embedded in modern science and pairing it with the personal stories of
those who have direct and historical knowledge of a place or system is at the heart of our work in
providing a platform for indigenous and otherwise underrepresented voices to share their stories
of ocean science and conservation from their perspective.

FILLING THE HOLES IN THE SCIENCE WITH THE WHOLE OF THE

STORY

Science offers evidentiary truths about the workings of our world through its utility and function.
But without story, science can fail to connect in a meaningful way. It is the narrative that provides
science with its power. The explosion of online media in recent years has caused some scholars to
argue that we are in an “Unlikely Golden Age” of production in terms of both quantity and quality
of science and environmental storytelling (Hayden and Check Hayden, 2018). In terms of those
stories being representative of diverse voices, however, that argument falls short.
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There’s a perception within the Academy that Indigenous
knowledge is “less than” and not as privileged as the Western
way of understanding the world. “There is an immense
challenge of proving to the scientific community that Indigenous
knowledge is just as important as western science because
the barriers to inclusive science are embedded in what is
framed as science” (Rowe, 2017). Many western scientists and
academics generally distinguish between scientific knowledge
and Indigenous knowledge by claiming science is universal
whereas Indigenous knowledge relates only to native people
and their understanding of the world. It is time to look at
these as complimentary rather than competing ideas. Indigenous
knowledge can feed science in ways that can enable us to
appreciate the world in a deeper and more holistic way. And
when it comes to moving the needle, drawing upon multiple
types of knowledge (e.g., Indigenous knowledge, local knowledge,
science-based knowledge) strengthens the evidence-base for
policy advice, decision making and environmental management
(Alexander et al., 2019). Science communication practitioners
must recognize this and expand participation in the narrative in
order to engage the voices that are integral to the whole of the
science. Only then can we reshape communicative relationships
and move away from conceptualizations of science and society as
separate and distinct from each other (Bucchi, 2016).

Effective science communication is not simply a one-
way transmission of data, but rather a process that requires
interpretation by the layperson in which their own history,
personal beliefs and value sets—the architecture of culture—are
embedded. When science is embedded in a contextual approach
such as storycraft, it contributes to the critical task of developing
an informed citizenship; a process that enables the public to
engage with and act upon evidence relating to complex, future-
focused issues (Hipkins et al., 2014).

We tend to consider science from a western perspective
in terms of objective, empirical, evidence-based information.
Science communication, on the other hand, tends to be viewed
as subjective, opinion-based, and value-laden. Objectivity and
subjectivity are often viewed as antithetical, but this is a binary
that won’t survive the twenty-first century because science
without the argument for it is meaningless. Our online video
series, I Am Ocean is a call to rethink this binary and look at the
places where science and culture overlap, where objectivity and
subjectivity entwine, where western and Indigenous approaches
mingle. In that shared space resides “narrative responsibility” —
the ethos inherent to both science and science communication to
relay the science in a way that is factual, accessible and inclusive
so that it that benefits all society.

DISRUPTING NARRATIVE OWNERSHIP

Over the past three decades, the subject of narrative has grown
more prominent in the science communication discourse (Norris
et al., 2005; Avraamidou and Osborne, 2009; Dahlstrom, 2014).
Not only does the use of narratives help public audiences
understand complex and abstract science issues, but it also makes
the science easier to remember and process relative to traditional

forms of scientific communication, such as lists, graphs, and
figures (Dahlstrom, 2014). Yet, overwhelming disregard of
diverse and indigenous perspectives in stories of science has
created an incomplete narrative, reflecting a broad pattern of
underrepresenting their importance. Viewers of online media
about the ocean have been primarily on the receiving end of
narratives that have been exposed to us through the lens of
others—predominantly those of white European descent (myself
included). Narratives are fundamental to how we perform our
identities in relationships with others in that they both share and
shape interactants’ perspectives on the world, and notably, they
are not value-neutral (Peterson and Garner, 2019). The minute
we, as creators of online video content write a line or point
a camera in a direction to record an event, we have made an
editorial choice that affects and alters the relationship between
viewer and subject. No matter how scientifically accurate the
information, narrative ownership grants the architect of that
story the liberty to construct, destroy and reconfigure it to
suit the storyteller’s objective through the filter of their own
experience, history and value system—and often with the smack
of appropriation.

Take the issue of climate change for example. We have
all seen online videos overwrought with statistics and coupled
with images of flooded homes of the “victims.” Though Pacific
Islanders are often seen as “the face” of climate change, they are
seldom heard as “the voice” as they are least likely to be involved
in meaningful climate adaptation discussions and rarely have
narrative control of their own story, despite being most directly
impacted (Mcleod et al., 2018). Too often, even the most well-
intentioned filmmakers have entered a community to tell other
people’s stories, usually those in a vulnerable position, and slipped
away without ever giving community members an opportunity to
contribute (Rutherford, 2004). This can be damaging to capacity
building as it may leave people they are trying to “help” feeling
used, frustrated, and further disenfranchised.

CRAFTING A COLLECTIVE NARRATIVE

In coastal regions around the world, environmental health is
interlaced with cultural health and when one erodes, so does
the other. I Am Ocean offers a participatory experience for
people living in communities perched precariously on the cusp
of colossal change to candidly share their views about their
ocean environment. Drawing on the power of their own voice,
participants provide a glimpse into life in their region and their
personal connection to the ocean as only they can. Whether
a Bajao fisherman in the Philippines who is adopting new
approaches to feed his family, a cultural leader in Hawaii whose
ocean stewardship originates at the summit of Mauna Kea, or
an Unangan community in the Pribilof Islands who are tackling
the effects of marine debris, each contributor not only challenges
assumptions about what science looks like, but what its voice
sounds like. Our aim, however, is not to “give people a voice”
—a phrase laced with arrogance as it assumes lack of agency
by participants. Rather, we strive to turn the teller and hearer
dynamic on its head. Instead of “telling” stories about the ocean,
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we start by listening to those who have intimate knowledge and
experience with it and then provide a platform so that others may
hear and learn from them. By refraining from inserting our own
voice, values or belief systems into the videos, we allow for a more
holistic story to emerge.

While there is a growing body of research on documentary
filmmaking, relatively little is known about the participant’s
experience of documentary production (Nash, 2012). Our goal
is to make this process transparent by shifting narrative agency
to our participant storytellers. By providing free media training,
they learn technical skills to pay it forward and also take an active
part in the direction of the production, deciding where, when,
what, and how the pieces are filmed.

The videos created are shared online via our global partner
network as well as given back to the communities so they
may share them freely and openly. As we embrace an open
distribution model, it is impossible to calculate an accurate
view count, but we estimate views in the millions as they are
distributed to over a million teachers across the United States
through PBS Learning Media, have been viewed hundreds of
thousands of times via our own website and social media
outlets, and have been screened and won awards at 21
international film festivals to date. In order to gauge our level
of impact, we have begun collating workshop participant and
viewer feedback.

CONCLUSION

The story of the ocean is multi-faceted and in constant motion.
We have constructed a relationship with it through shifts in
imagination, shifts in focus, shifts in culture, shifts in ways
of seeing, of knowing, of understanding. Despite increasing
attention to issues of diversity and inclusion, science still largely
reflects and promotes the interests of a privileged minority
(Adams et al., 2015; McCoy and Rodricks, 2015; Gill, 2018), as
does its manifestation in visual media. In today’s digital age,
it is time to disrupt the notion of narrative ownership and
shift toward a collective narrative whereby we as filmmakers
and science communicators relinquish our claim on the story
and invite others to participate in a shared narrative. Doing
so honors each voice of the storyteller, allows the story
to expand, and makes it possible to relay lessons across
societal lines.

Creating a shift in the way our ocean stories are told means
a collective shift in the approach to ocean science, itself. To tell
an inclusive story demands a broadened vision great enough to
seek out and invite the perspectives that have been neglected,
removed or absorbed by others (Smith, 2017). This does not
mean replacing one type of knowledge with another, but using
them in concert to fortify the foundation of meaning.

The online video platform provides an ample launching pad
on which to encourage participation in visual narratives that
embrace diverse perspectives and engage the whole of the public
in the story of science. Let’s use it as an interactive bridge
across oceans, cultures and demographics, connecting people
across the globe and investing them in the stories that tap into
our humanity—and thus, the issues. Only when we share in a
collective narrative of science, will its story be complete.

AUTHOR’S NOTE

As an ocean documentary filmmaker and scholar, my work
emerges at the intersection of marine science, history, media and
culture. When these seemingly disparate camps are allowed to
mingle, a potent alchemy results. Drawing on my two decades
of experience writing and producing science and natural history
films for major broadcasters and using my establishment of the
non-profit organization, Ocean Media Institute as a launching
point, I make the case for greater inclusivity in the production
of online media in order to create a more complete story of ocean
science. In today’s rapidly expanding media landscape, I propose
that we seize the opportunity to disrupt the notion of narrative
ownership and turn instead to a collective narrative that embraces
diverse perspectives and participation in the story of the ocean. It
is my view that our own work can only be validated when we are
challenged, questioned, and pushed by each other to step outside
the “established” perimeters of our study. Only from that vantage,
will we be permitted the freedom to think deeply, and perhaps
differently, about how our methods affect our work and thus, our
legacy as science communicators.
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Recent years have seen an upsurge in the digital environment and the reliance placed

upon it by society. This case study reports on a project which sought to examine how

the digital environment can be utilized for science communication, exploring the role of

social media and particularly short online videos, as an effective means through which

to engage the public with science, environment and conservation messages. Using

as its focus a 300-mile trek around the coast of Cornwall (Sophie’s Wild Cornwall)

we examine how science was communicated real-time using online videos and social

media over a 5-week period, as well as data from an online public opinion survey (n

= 129). The observations gleaned identify a number of key themes for others wishing

to adopt digital approaches within their science communication activities, including the

role of web-based presenter-led narratives, the value of accessibility and interaction on

social media platforms, and online videos potential for stimulating proactive, participatory

engagement, and interest in an environmental context. Effective online video use

requires a balance between crafting an informative yet entertaining narrative without

compromising scientific accuracy; yet ultimately, social media platforms may represent a

potential “stepping-stone” for practitioners to consider implementing in a journey toward

“upstream engagement”.

Keywords: online videos, science communication, environmental communication, conservation, upstream

engagement

INTRODUCTION

At a time when environmental health and biodiversity feature on many public agendas,
encouraging public uptake and action for pro-environmental behaviors requires both an awareness
of conservation issues, alongside opportunities for productive collaboration between science and
society. Online videos, shared via social media offer the potential to create such a relationship
(Hacker and Harris, 1992; Ballard et al., 2017). It is estimated that over 1.4 billion people use
Facebook daily (Facebook, 2018). Whilst 800 million people use Instagram (Statista, 2018a) and
330 million people use Twitter on a monthly basis (Statista, 2018b). The explosion of digital
landscapes has promoted a marked increase in the time allocated to online activity (Brossard, 2013;
Andreassen et al., 2017; Marketing Magazin, 2017), and using online sources, including videos,
for science information has also increased, particularly amongst 18–25 years olds (Mangold and
Faulds, 2009; Bernhardt et al., 2011; Brossard, 2013; IPSOS Mori, 2014; Koohy and Koohy, 2014;
Liang et al., 2014; Peters et al., 2014; Hargittai et al., 2018; León and Bourk, 2018; Huber et al., 2019).
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Whilst some may argue this creates a potential disconnect with
the natural world it may in fact offer pertinent opportunities
to “mobilize biodiversity conservation and environmentalism”
(Fletcher, 2017, p. 226).

Extensive research into this “new realm” (Wilkinson and
Weitkamp, 2016, p. 123) remains emerging (Brossard, 2013;
Davies and Hara, 2017; Hargittai et al., 2018), with researchers
who might use social media for communication activities,
admitting a continued “limited understanding” about what it
really is (Kaplan and Haenlein, 2010). Online videos have an
increasingly important influence on science and environmental
communication, particularly amongst young people, but research
on such sources, and the potential of their role, is also still
emerging (León and Bourk, 2018; Allgaier, 2019).

Social media has facilitated large scale science-focused
initiatives, notably health campaigns (Koohy and Koohy, 2014)
and some environmental projects (Aldred, 2016; Ballard et al.,
2017; Plastic Patrol, 2017) highlighting the far-reaching influence
social media can have on actions, attitudes, and behaviors
(Centola, 2010, Korda and Itani, 2013). Despite such potential,
and many corporate businesses regarding social media presence
as, “top of the agenda” (Kaplan and Haenlein, 2010, p.
59), academic institutions are said to fall behind in their
online activity (Peters et al., 2008; Liang et al., 2014; Jarreau
and Yammine, 2017; Howell et al., 2019; Koivumäki and
Wilkinson, 2020), despite the value it can bring for public
engagement (Bernhardt et al., 2011; Wilkinson and Weitkamp,
2016). Engagement is often considered effective if it results
in behavioral or attitudinal change, particularly around issues
such as climate change, health, and the environment (Lorenzoni
et al., 2007; Corner and Randall, 2011) and sites such as
Twitter are known to facilitate such interaction outcomes
(Simis-Wilkinson et al., 2018).

Social media addresses a “ready-made” audience, an integral
feature of science communication practice (Holliman et al.,
2009; Wilkinson and Weitkamp, 2013; Peters et al., 2014). Given
the challenges often associated with reaching a target audience
(Groffman et al., 2010; Ballard et al., 2017), communicators can
“take advantage of where people already habitually and routinely
gather, share and communicate” online (Metzger and Flanagin,
2011, p. 55). This can also allow users to see science “in the
making” (Ballard et al., 2017), spurring positive change and
uptake of science in society, as science happens, in real time
(Peters et al., 2014; León and Bourk, 2018; Simis-Wilkinson et al.,
2018).

However, identifying and evaluating the impacts of
online engagement is a common obstacle for conservation
organizations (Miller et al., 2004), leaving a “serious
communication gap” (Spooner et al., 2015, p. 2) between
conservation research and practice. This neglects to
understand the motivations to participate in online endeavors
(Collins et al., 2010; Kuss and Griffiths, 2011; Schou
Andreassen and Pallesen, 2014; Andreassen et al., 2017)
and maintains a recurring narrative in environmental
science disciplines of the prevalence of one-way mass
communication (Collins et al., 2010), missing opportunities

to “restart” of the conversation between ecology and society
(Groffman et al., 2010).

With this in mind, this case study explored how, “high-
quality meaningful engagement” (Collins et al., 2010, p.
1181) can be obtained digitally. At its heart was a 300-mile
science-focused trek around the coastline of Cornwall in
the UK, entitled “Sophie’s Wild Cornwall”, which allowed
us to directly observe how an audience engages with
online videos on social media, including a 22-part online
YouTube series.

A CASE STUDY: SOPHIE’S WILD
CORNWALL

Cornwall is one of the most environmentally significant
counties in Great Britain, hosting over 60 nature reserves,
160 Sites of Special Scientific Interest and giving rise to
unique habitats and wildlife (Cornwall Wildlife Trust,
2017). Cornwall’s geographical isolation can restrict its
involvement with science communication (Smallcombe,
2017), meaning the content was also well-suited for
online videos shared via social and digital media,
engaging with audiences who are otherwise “underserved”
(Wilkinson and Weitkamp, 2016).

Over the 22-day trek, clips were filmed and edited daily
on an iPhone 7-Plus into a 5–7-min video blog (vlog), using
iPhone’s pre-installed iMovie software. Short vlogs have been
shown to provide influential digital interaction, contributing to
cultural citizenship (Ruedlinger, 2012; Papadima-Sophocleous
et al., 2016). Vlogs were a mixture of landscape and wildlife
“cutaway” shots, presenter-led sections and spontaneous wildlife
encounters. These were uploaded the same day onto YouTube
and shared via dedicated social media accounts to be followed
online in near real-time, enabling rapid engagement (Lessard
et al., 2017).

Two months prior to Sophie’s Wild Cornwall, information
on the trek was disseminated via frequent online posts. The
Cornwall Wildlife Trust, Surfers Against Sewage, The Wildlife
Trusts, Ordnance Survey, BBC Countryfile Magazine and the
university at which the work was based, also shared the trek via
their social media accounts, before, during, and after the event.

Engagement trends were measured 1 week before, during
the 3 weeks of the trek and 1 week after using analytical tools
available on the social media platforms, offering insights into the
online landscape of public engagement (Fan and Gordon, 2014),
including audience demographics, length of engagement and the
types of content eliciting the most response.

An online survey consisted of questions determining user
demographic data, including education level and whether the
respondent had a science background, as well as motivations for
following and engagement outcomes. The survey was shared 1
week after completion of the trek across the same social media
channels, as well as distribution across mailing lists consisting of
science communication professionals, academics and members
of scientific organizations. All participants remained anonymous
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TABLE 1 | Key user insight data generated from imbedded social media analytic

tools and online survey respondents.

Facebook, Instagram, and YouTube User insight data.

Top age range Gender (M:F) Top geographic

region

Facebook 18–24 31:69 Southwest, UK

Instagram 18–24 41:59 Southwest, UK

YouTube 25–34 50:50 UK

Twitter n/a n/a n/a

Demographic data on the online survey respondents (n = 129)

Age/Gender Responses (% n = 129)

Males 36%

Females 63%

18–24 36%

25–34 30%

35–44 8%

45–54 10%

55–64 11%

65+ 5%

Twitter does not provide such data unless the account is eligible for advertising.

and under 18 s were excluded. The survey followed the ethical
procedures for Postgraduate Taught Masters projects at UWE,
Bristol, including written consent to participate.

RESULTS

Sophie’s Wild Cornwall Analytics
Over the 5-week period, total engagement increased across all
platforms. Total followers increased by 75% on Facebook to
∼400 individuals, while Twitter saw a∼300% rise, and YouTube
subscriptions rose by > 1,000%. Instagram experienced the
greatest overall following, growing 3-fold to 1,000 individuals
over the duration of the project. Most users were 18–24 years old,
with YouTube attracting a slightly older audience (Table 1). Each
platform hosted near-equal male: female participation, however
Facebook entertained a noticeable female majority.

Nearly all participants were from the south of the UK,
suggesting an element of relatability as the area was familiar or
nearby. Despite a strong “local” reach, posts also experienced
interaction from followers in Russia, the USA, Australia
and Europe.

A closer examination of user interaction with the posts
determined overall “reach” and active “engagement” across each
platform (Figure 1). “Reach,” quantifies the number of individual
accounts that “see” a post and “engagement” measures, “social
involvement,” the number of times a post was liked, saved
or commented on. Twitter only offers data on social media
“impressions” vs. “reach,” quantifying the times people saw a
particular “tweet,” instead of how many individual accounts
saw it.

Figure 1 illustrates increased reach over time across each
platform. Each post reached an average of 1,000 individuals

per day. Facebook experienced the greatest growth, similarly,
Instagram grew by 89%, yet maintained a more stable reach.
Despite being unable to quantify “reach” on Twitter, the overall
trend quantifying Twitter “impressions”matches that of the other
platforms. YouTube had the lowest overall activity, experiencing
a small decrease in reach across the 5 weeks, despite a 63% relative
growth in audience engagement between week 1 and 4.

Fluctuations with engagement and reach appeared to coincide
with key events. For example, the prelude to Sophie’s Wild
Cornwall involved external support and “sharing” with an
average∼74% increase in reach between Facebook and Instagram
during week 1. Two relevant online videos at the outset,
explaining the purpose of the initiative, may explain the
estimated 88% relative growth in YouTube engagement given the
suitability of such content for that platform.

Reaching the “halfway” point of the trek promoted an increase
in reach and engagement across all platforms. The most popular
posts and online videos were those that presented breadth
of content, such as multiple encounters with wildlife, depth
of scientific information or striking landscapes. All platforms
bar YouTube, exhibited a growth in reach and engagement
during such moments, especially Facebook and Instagram.
Similarly, moments captured in online videos such as physical
injury or emotive scenes, contributed to increased follower
interaction. This was especially noticed toward the end of the
initiative and the trek’s successful completion, where all channels
except YouTube, experienced a peak in both audience reach
and engagement.

Public Opinion Survey
Table 1 illustrates that there were a higher proportion of
female: male respondents among a largely young audience.
Academic qualifications offered insight into potential incentives
for following, 43% (n = 55) selected a university undergraduate
degree as their highest academic qualification, followed by a
postgraduate degree (34%). Whilst half had studied a science
or environmental area at university (50%), the remaining
respondents had received no scientific/environmental degree
training. Fifty two percentage of people had not previously
worked in a science or environmental area.

Respondents stated engaging in a similar use of Facebook
(26%), Twitter (18%), Instagram (22%) and YouTube (19%)
(n = 27), supporting the decision to use a combination
of these platforms to share the online videos. Eighty three
percentage of (n = 107) of participants cited a smartphone
as the preferred device for access. When asked about
engagement with STEM (science, technology, engineering
and math) content online, “environment and nature”
had the highest level of daily engagement (43%, n = 55)
compared to “health and medicine” (19%) and “technology and
engineering” (27%).

Nearly 90% (n = 116) of respondents used Facebook,
Instagram and YouTube to follow, leaving under 10% of people
using Twitter alone. A range of motives, were selected, in
regard to why they followed. “Information” and “entertainment”
comprised around 75% (n= 97) of responses. Other motivations
included social engagement, interest in Cornwall and the overall
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FIGURE 1 | The mean number of individuals “reached” and “engaged” across each social media platform used during Sophie’s Wild Cornwall throughout the 5-week

measurement period. Labels indicate key chronological events during the walk that likely influenced noticeable changes in audience reach and overall

engagement trend.

project. To determine success as a science communication
initiative, respondents were asked what they “gained” from
following. “New information,” “entertainment,” “on the go”
science communication and “an appreciation of local nature”
comprised 94% (n = 121) of responses. Vlogs, online videos

produced during Sophie’s Wild Cornwall were the most popular
medium with which users could engage; 86% (n = 111) of
respondents liked them “a lot.” Photographs with an informative
caption also proved popular (72%, n = 93 liking them
“a lot”).
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Open comments provided a number of additional motivations
for following online, including that it’s “easier to access the
content you want” (User E), to follow/unfollow your interests,
the accessible nature, checking throughout the day, as part of
daily routines, “anytime, anywhere” (User H). The ability to
follow events in near real-time also seems to make content,
“more relevant” (User J). The use of presenter-led vlogs was very
popular, with users developing “a kind of relationship with the
presenter” (User O), learning along with them, and liking the
ability to interact.

Users could, “speak directly to the presenter” and appreciated
this both in making the content “feel more personal and
approachable” (User T).

DISCUSSION

There are inherent elements of subjectivity in the interpretation
of this case study, however it presents insight into how an
audience engaged with one science communication endeavor
using online videos via digital platforms. However, the role of the
authors in the intervention must be acknowledged and this may
have influenced the interpretation of some findings. In examining
the results, the “AEIOU” criteria (Burns et al., 2003) were used as
a means of considering whether online video use via social media,
can be used for public engagement.

Online videos, shared via social media, can be used as a
modern, “gateway” raising awareness of a scientific topic to
motivate a users’ curiosity and potential behavioral change
(Burns et al., 2003; Lorenzoni et al., 2007; Corner and Randall,
2011; Liang et al., 2014; Allgaier, 2019). Awareness is difficult to
quantify especially on social media (Hanna et al., 2011), however
the physical growth in both “reach” and active “engagement”
across each platform indicated a likely growing consciousness
of the expedition and environmental content. External support
from organizations and media groups, raised awareness of the
project, amplifying Sophie’s Wild Cornwall organically.

The integration of online “sharing” tools to promote the
online videos, introduced the initiative to a broader audience.
Facebook, Twitter and Instagram epitomize “interactive media”
through which users can comment, share, tag friends or “like”
a post (Hanna et al., 2011). In contrast, YouTube is limited to
video content (Zuckerberg et al., 2012), meaning subscribers to
Sophie’s Wild Cornwall only received one notification per day.
This minimized the opportunity for non-subscribers to become
aware of the initiative, supporting research detailing YouTube’s
low “posting” rates (Moran et al., 2011) and inadequacy as
a tool to spread “awareness” (Steinberg et al., 2010). It also
supports the growing popularity of Instagram especially among
young people (Groffman et al., 2010). Young adults are adept
at navigating digital spaces (Lee and Ma, 2012; Ofcom, 2015)
and therefore using social media in crafting impactful content,
appears a beneficial way, to mobilize this cohort to participate in
science (Deboer, 2000; Hargittai et al., 2018).

Active engagement during Sophie’s Wild Cornwall also
indicated user enjoyment, as followers felt sufficiently engaged
to maintain involvement. To be “entertained” by social media

content was expected by a quarter of survey respondents,
and users appeared particularly eager to connect directly with
the presenter, supporting the value of “presenter-led” real-time
engagement (Young et al., 2017). The physically demanding
nature of the trek produced “emotion” and “drama,” as users
admitted that the, “informal but informative” mode of delivery
contributed to a participatory experience, building upon previous
research suggesting establishing an emotional connection with an
audience improves relatability and directly affects the duration
of engagement (Durkin et al., 2012; Jarreau and Yammine, 2017;
Lessard et al., 2017).

The increasing acceptance of social media as a source of
information (Brossard, 2013; Liang et al., 2014; Fletcher, 2017)
provides opportunities to integrate science communication,
including in the form of online videos (Davies et al., 2020),
in daily lives. Seeking “new information” was a primary
motivator and engagement outcome from following Sophie’s
Wild Cornwall and social media offered opportunities to reach
more diverse audiences, with only 50% of respondents holding an
environmental or science-related degree. Embedded algorithms
tailor content to reflect users’ interests (Zuckerberg et al., 2012) a
barrier to reaching new audiences. This re-iterates the immense
power of “social sharing,” offering the potential to spread content
beyond a user’s network (Hanna et al., 2011; Huber et al.,
2019). As half of respondents had no previous involvement in
a science or environmental area, social media can succeed in
stimulating interest in topics that a user, “might not usually think
about” (User N). Engagement with the trek also contrasted some
previous studies which found that online science users tend to be
tend to be “more knowledgeable about science, more educated,
and primarily male” (Brossard, 2013, p. 14097).

Opinions are complex, subjective and difficult to measure. A
person’s current knowledge, beliefs and personality can influence
opinions (Burns et al., 2003) and even predict future behavior
(Kelman, 1961). Successful science communication can occur
when a participant reflects upon new ideas, to inform or review
previously held opinions (Burns et al., 2003; Lorenzoni et al.,
2007; Corner and Randall, 2011). Social networks can therefore
“guide opinion” (Susarla et al., 2011) and followers of Sophie’s
Wild Cornwall and survey respondents commented on the rich
learning experience provided by being able to view responses
from the presenter and collaborate with other users.

Achieving understanding following a science communication
endeavor arguably remains the “end-goal” for many and a,
“prerequisite for higher levels of scientific literacy” (Burns et al.,
2003, p. 198). The transferability of the vlogs into classrooms,
which was reported in some comments and survey responses,
demonstrates their suitability for learning in a similar way to
sites such as YouTube as teaching aides (Tess, 2013). Online
videos, shared via social media may offer a modern solution
to upstream engagement, by presenting science content in an
appealing, digestible format that users can “understand” (Lovejoy
et al., 2012; Duggan, 2015; Garcia-Aviles and de Lara, 2018) while
it is in process.

Via a 300-mile trek around Cornwall, this case study has
highlighted implications for the use of social media, and online
videos, in science communication and engagement, including on
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social media platforms beyond YouTube. The global audience,
but also local audience, were motivated by the visual, concise
and interactive features of social media. Nearly all survey
respondents indicated that they would like to engage with science
in this way again and the vlogs were particularly effective at
sharing the adventure with a young audience. Effective social
media and online video use then requires a balance between
crafting an informative yet entertaining narrative without
compromising scientific accuracy; yet ultimately, these platforms
may represent a pertinent and exciting “stepping-stone” for
practitioners to consider implementing in a journey toward
“upstream engagement.”
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Storytelling plays a crucial role in science communication, but little research has

investigated how it impacts the popularity of science videos. This study examined

storytelling components in 306 popular YouTube science videos and revealed significant

relationships between video popularity and five storytelling components, namely dramatic

question, insight, moments of change, emotional arousal and, status of story. Emotional

arousal, in particular, showed a strong association with popularity. The results shed light

on the role of storytelling in increasing science video popularity.

Keywords: science video, YouTube, popularity, storytelling, content factor

INTRODUCTION

The Internet has radically changed how people access information about science. The percentage of
Americans citing the Internet as their primary source of science and technology news, for example,
jumped from merely 9% in 2001 to 55% in 2016. By 2018, 69% of Americans preferred the Internet
to television or newspapers to learn about specific scientific issues (National Science Board, 2018).
With this profound change, science communicators are now facing an unprecedented range of
both opportunities and challenges in influencing public knowledge and attitudes toward science
(Brossard, 2013).

Amongst myriad forms of online information, video attracts much attention from the world’s
Internet users. Online videos accounted for 75% of all web traffic in 2017, and this is predicted to rise
to 82% by 2022 (Cisco, 2018). The tremendous potential of online videos for public communication
of science has been widely acknowledged amongst actors in the science community (Sugimoto and
Thelwall, 2013; Erviti and Stengler, 2016; León and Bourk, 2018).

Central in this growth of online video is YouTube, a video-sharing platform garnering attention,
in 2019, from over 1.9 billion logged-in users (YouTube, 2019). While there are many other
popular online video websites on the Internet, YouTube is by far the biggest and arguably the
most influential. In terms of traffic rank, YouTube is the second most-visited website on the web
(Alexa, 2020). Many science channels have been launched on YouTube, by entities ranging from
engineers (e.g., Mark Rober) to academic publishers (e.g., nature video), and many of them have
gained significant popularity. The channel Kurzgesagt—In a Nutshell, for example, now has 12
million subscribers and almost a billion video views (Figures updated 26 May 2020). Meanwhile,
anti-science groups and individuals are also using YouTube videos to publicize false, inaccurate,
and potentially harmful information about science (Allgaier, 2013, 2020). The majority of YouTube
videos on climate-related topics, for instance, have been shown to take a stance against the scientific
consensus (Allgaier, 2019).
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In this hyper-competitive environment, it is therefore crucial
that researchers presenting content based on legitimate science
identify factors that can increase the impact of science
communication videos.

Researchers often divide factors that contribute to the
popularity of online videos into content and content-agnostic
factors. Content factors refer to the particular characteristics of
the style and information of a video, such as topic, duration,
and methods of delivery. Content-agnostic factors, meanwhile,
are the characteristics independent of the production of the
particular video, including social sharing applications, search
engines, and recommendation systems. While both content and
content-agnostic factors matter to video impact, understandings
of content factors are especially valuable for science video
creators. This is because the video content, rather than
external influences like YouTube’s recommendation algorithm, is
something they can proactively change. Past research has found
that factors such as emotional arousal (Berger, 2011; Nelson-
Field et al., 2013), geographic relevance (Brodersen et al., 2012),
duration (Gill et al., 2007), and host consistency (Welbourne and
Grant, 2016) are related to video popularity.

Building on this, many have suggested that storytelling might
play a critical role in successful video making (e.g., Leonhardt,
2015). Storytelling has also been widely seen as an ingredient of
engaging science communication (Dahlstrom, 2014; Martinez-
Conde and Macknik, 2017; Green et al., 2018). Yet little research
has verified this in terms of science videos. In particular, it
remains unclear how highly popular science videos tend to
deploy different storytelling components to deliver content.

Hypothesizing that more popular videos amongst successful
science YouTube channels would display particular storytelling
aspects more frequently than their less popular counterparts, we
compared storytelling components observed in highly popular
and less popular science videos on YouTube. All videos examined
were from science YouTube channels considered successful in
terms of the breadth and engagement of their audience. Below,
we provide some recommendations based on the results to
help science communicators create popular YouTube videos
about science.

SCIENCE VIDEO POPULARITY AND
STORYTELLING

Content Factors Related to Science Video
Popularity
In recent years, video has gained increasing importance as a tool
to communicate science with publics (León and Bourk, 2018).
On YouTube, whose viewership was projected to represent 78.4%
of all digital video viewers in 2018 (eMarketer, 2018), several
creators of science content have achieved broad popularity. For
example, Vsauce, Mark Rober, Seeker, SmarterEveryDay, and
Numberphile, five channels focusing on a wide range of science-
related topics, have collectively attracted more than 43 million
subscribers and 4 billion views (Socialblade, 2020f). What makes
their science videos outstanding? Many answers to this question
have been offered based on the experiences exchanged among

practitioners (Brossard, 2013), but fewer are offered based on
research on video content.

Previous studies have used several different approaches to
assess the relationship between the content of online science
videos and video popularity. Sugimoto et al. (2013), for example,
looked into the influence of content presenters in TED videos,
where science is one of their most popular topics. They examined
1,202 TED Talks and found that on YouTube, videos with
male presenters garnered more views and likes than those
with female presenters. Meanwhile, although academics only
accounted for 21% of all presenters, their videos were more liked
and more commented on than those from other backgrounds
(Sugimoto et al., 2013).

Welbourne and Grant (2016) gave the first overview of videos
specifically from science communication channels on YouTube
and found other features that influenced video popularity. Their
content analysis of 390 videos indicated that videos with a regular
host had more views than those without, probably because
a consistent communicator provides a natural anchor for the
audience to connect with the channel. Overall, the authors
found user-generated content (UGC), whose content delivery
was significantly quicker, was more popular than professionally
generated content (PGC). Viewers may favor a fast-paced video
as a rapid pace of delivery could serve to enhance audience focus
as well as persuasiveness (Welbourne and Grant, 2016). In a
similar vein, Gheorghiu et al. (2017) showed that viewers were
more likely to watch videos about scientific work if the presenters
were scientists with an “interesting” facial appearance.

Nevertheless, when Erviti and Stengler (2016) used semi-
structured interviews to explore how professional YouTube
video producers, also known as YouTubers, make science
communication videos, few factors mentioned above were noted
by the interviewees. Regarding components that make a video
successful, the five interviewees, who ran eight of the most
successful science channels in the UK, suggested a series of
content factors including bizarre topics, excellent production
quality, likable characters, and visually amazing content the
viewers have not seen before (Erviti and Stengler, 2016).

To identify the characteristics of popular science videos,
Morcillo et al. (2016) collected the newest and the most
popular videos from 100 successful science channels and
analyzed the defining content factors of those videos,
including narrative characteristics. The results showed that
most of the examined videos used first-person narrative,
advanced intro and outro sequences and complex montages,
and that their production quality demonstrated a trend
toward professionalism.

More importantly, Morcillo et al. (2016) also demonstrated
that popular videos used complex storytelling structures to
deliver video content. Most of them used techniques such as
setting up a conclusive ending to intensify the dramatic energy
of the video at the end, often answering questions formulated
earlier in the video. Half of the examined videos contained
more than two cause-and-effect turns, or plot points, in the
narration. The authors concluded that popular videos shared a
focus on storytelling, and most of those successful YouTubers
were excellent storytellers (Morcillo et al., 2016).
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Potential of Storytelling for Science
Communication
Storytelling is the art of telling a story, but the answer to what
a story is depends on whom is asked. Scholars have proposed
various definitions of story and explored the relationship between
story and other relevant terms like narrative (Prince, 1973;
Chatman, 1978; Ricoeur, 1980; Stein, 1982; Cortazzi, 1994; Norris
et al., 2005; Fludernik, 2009; Sanford and Emmott, 2012). In this
study, we refer to a narrative as a series of chronologically ordered
events in which earlier ones cause later ones. Following the work
of Prince (1973), we define a story as a state-event(s)-inverse state
change sequence of human interest, with the first state preceding
the event and the event causing the change of state. Under these
definitions, stories are essentially a subtype of narratives.

Various cultures use stories as a way to access and
achieve popularity. Research studying a current hunter-gatherer
population has shown that stories appear to facilitate cooperation
within a camp, and people in hunter-gatherer societies prefer
skilled storytellers as social partners even to hunters (Smith et al.,
2017). For more than twenty years, educators have been using
storytelling in digital formats to enhance students’ engagement,
learningmotivation, and in some settings, academic performance
(Hung et al., 2012; Yang andWu, 2012; Smeda et al., 2014; Niemi
and Multisilta, 2016). Even YouTube has stressed the value of
storytelling to grow audience and bolster engagement in their
tutorials in video-making (YouTube, 2017).

Scientists have also noticed the potential of storytelling
for delivering effective science communication to non-expert
audiences (Dahlstrom, 2014). Reviewing the role of story
structure in creating meaning, context, relevance, and empathy
for the audience, Haven (2007) asserted that a story “is a uniquely
powerful and effective communications tool that can be put to
use by virtually anyone.” Studies have shown that exposure to
stories can induce a series of neurobiological effects in humans.
For example, well-structured stories appear to induce similar
brain activities not only among viewers (Hasson et al., 2008) but
also between the storyteller and the audience (Stephens et al.,
2010). These mechanisms indicate that telling stories can be
a useful way to engage a broad audience with science. As a
general recommendation, Olson (2018) contended that science
communicators should equip themselves with the ability to “tell
a concise, interesting, and entertaining story that also conveys
substance” to reach public audiences and win their favor.

In addition to its ability to evoke interest and engagement
(Green, 2004), storytelling can also enhance persuasion.
Dahlstrom and Ho (2012) argued that stories are persuasive by
nature because they are driven by a cause-and-effect structure,
which makes the end of the story appear to be inevitable. Several
studies have suggested that increased viewer involvement in a
story can make the story more persuasive (Slater and Rouner,
2002; Slater et al., 2006; Moyer-Gusé, 2008; Tal-Or and Cohen,
2010; Hoeken et al., 2016). More recently, researchers have
looked into narrative persuasion on science-related issues.
Cooper and Nisbet (2016), for instance, found that stories can
induce emotional responses that influence one’s risk perception
of environmental hazards. It appeared to be particularly effective
when the goal of communication is to inform the audience about

environmental hazards. As involvement in the story increased,
negative emotions increased among the audience, which resulted
in higher risk perceptions (Cooper and Nisbet, 2016). However,
when a story on environmental issues was used in combination
with a related explicit persuasive appeal, the combination was
considered less persuasive than the story alone (Moyer-Gusé
et al., 2019). More determinants of narrative persuasion and
interactions between them are yet to be identified.

While both audience engagement and persuasiveness are
important for public communication of science, our current
research focuses on the former: what is the role of storytelling
in increasing the audience engagement with science videos? To
shed light on this topic, we collected a sample of science videos
from science channels that are widely viewed and subscribed
on YouTube, and examined different storytelling components
within them, while controlling for content-agnostic factors.
In the next section, we explore the storytelling components
examined in detail.

Storytelling Components in Science Videos
Storytelling can be examined via analysis of a family of different
content components, and different storytelling components may
have vastly different contributions to the popularity of a story
according to the medium, genre, and the storyteller’s goal.

Lambert et al. (2003) summarized seven fundamental
elements of digital storytelling, the practice of using multimedia
technology to tell a story. They include a point of view from
which the story is told, a dramatic question that identifies issues
to be addressed and stimulates interest, emotional content that
engages the audience affectively, a voice that contextualizes the
story in a personal sense, soundtracks that suit and enhance the
mood of the story, the economy of information that ensures only
the minimum of narrative components necessary is used to tell
the story and pacing that sustains the viewer’s attention. Landry
and Guzdial (2008) employed this framework to a useful end on
YouTube. Investigating the 100 most popular YouTube videos,
the authors showed that whereas most of them contained voice
and emotional content, less than half of the samples contained
a soundtrack, and only 10% employed a plot-based structure
(Landry and Guzdial, 2008). These results highlight the fact
that different storytelling components are not equally used by
YouTubers to make their videos successful.

More recently, Finkler and Leon (2019) used a literature-based
approach to identify key storytelling components. They produced
a short video about whale watching based on a conceptual
storytelling framework for science videos, which included six
components—have a Simple core message; surprise audiences
with an Unexpected question; use Concrete words to describe;
provide information through Credible figures; evoke positive
Emotions; link Science with the audience’s interest and use an
“And, But, Therefore” (ABT) Storytelling structure (SUCCESS).
Then, they surveyed 1,698 individuals for the video impact and
found a majority of viewers considered the video was telling a
story, and more than 80% of respondents reported the video
as engaging, informative, real, and believable. Moreover, 68.8%
were likely or very likely to tell someone else about the video
(Finkler and Leon, 2019). This finding indicates that the adoption
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of storytelling components proposed by the literature can indeed
boost the effectiveness of a science video in reaching the audience
and potentially changing attitudes.

Building on the work of Lambert et al. (2003) and Finkler
and Leon (2019), instead of using only one variable to assess the
role of storytelling in a video, we sought to establish a series of
fundamental components of storytelling to test their influence on
video popularity in a large sample. To that end, we established
a literature-based list of storytelling components along seven
dimensions listed below.

Narrative Point of View
Every story needs a teller. The narrative point of view represents
the relationship between the storytellers, or narrators, and the
stories they deliver. In a first-person narrative, the narrator is a
character in the story, whereas in a third-person narrative, the
narrator refers to the characters using third-person pronouns or
directly by names. Finally, in a second-person narrative, “you”
serve as the protagonist of the story. In this case, the intended
audience could perceive themselves as undergoing the experience
described by the narrator (Fludernik, 2009).

Different narrative points of view have different
communicative stances. Morcillo et al. (2016) suggested that
first-person narrative could help build a personal connection
between the narrator and the viewer. The authors suspected that
some science YouTubers used the third-person narrative out of
a pursuit of entertainment value and innovation. However, the
third-person narrative could also generate a sense of objectivity
and is thus especially useful for explaining historical events.
While Morcillo et al. (2016) didn’t address the proportion of
second-person narratives in science videos, we took it into
account in this study as a second-person narrative could enhance
interactivity between YouTubers and the viewers.

Use of Voice
Whereas writers tell stories through texts in print media,
YouTubers often harness the power of their own voices to share
stories. Lambert et al. (2003) proposed that the voiceover is “the
foundation of any digital story.” The use of voice reflects the
relationship between the auditory and visual narration of a video,
and therefore shapes the delivery style of the video.

Welbourne and Grant (2016) identified several video styles
pertaining to the use of voice. For example, vlogs often see the
presenter talking directly to the camera, whereas in voice-over-
visual videos, the presenter speaks over static or animated images.

Dramatic Question
The dramatic question refers to one single question that identifies
the core issues to be resolved by the end of the video. It sets
the tension of the content to be presented (Lambert et al., 2003;
Lambert and Hessler, 2018).

This component is in close relationship with narrative
appetite, a much more commonly seen concept in narratology.
Narrative appetite is the desire of the audience to know more
about what happened in a story. Storytellers raise and sustain
narrative appetite through techniques such as suspense (Norris
et al., 2005). In science videos, one of the common ways

YouTubers seek evoke curiosity and interest is by asking a
question that sounds uncommon, bizarre, or dramatic. For
example, the question raised by Dr. DerekMuller in his YouTube
channel Veritasium—why are 96,000,000 black balls on this
reservoir?—perhaps helped to attract more than 48 million views
to the video (Veritasium, 2019). In this case, asking the right
question for a science video to address serves as an effective way
to generate narrative appetite. We hypothesized that whether or
not the narrator clarifies the dramatic question could make a
difference in video popularity.

Moments of Change
A moment—or moments—of change serves as a crucial element
of storytelling in multiple theories of story. The occurrence of
moments of change in a science video can be considered a
rough proxy for the complexity of its narration. In the structure
of narratives theory developed by Labov and Waletzky (1997),
moments of change are embedded in the complicating action,
introducing disruptions into normality. Similarly, Lambert and
Hessler (2018) also stressed the importance of identifying a
moment of change with which the storytellers can clarify the
insight of their story.

Importantly, some have argued that too few or too
many moments of change in a narration could compromise
the effectiveness of science communication. For example,
Olson (2015)—in discussing his “And, But, Therefore” (ABT)
structure—suggested both the “And, And, And” (AAA) and
“Despite, However, Yet” (DHY) story structures make poor
storytelling models. In the ABT structure, the word of
contradiction “but” signals the moment of change in the
narration. For comparison, the expository AAA structure
involves no moment of change and is thus susceptible to
monotony; the overly contradictory DHY structure, on the other
hand, fails to convey a concise message, overwhelming the
audience with too many moments of change (Olson, 2015).

Insight
Every story is told for a purpose. ElShafie (2018) specified the
point of telling a story being to share a meaning or a broad
theme. This theme is often learned as an insight embedded in
the subtext, but sometimes they can be revealed by the narrator,
too. For example, YouTuber Sally Le Page made a 5-min video
showing nothing but herself numbering dozens of Petri dishes
(Le Page, 2017). But when she revealed the insight that some
of a scientist’s job is painstakingly mundane, done to better
understand the world, the otherwise dull scene in the video
became meaningful.

Lambert and Hessler (2018) considered clarifying the insight
of the story as the first step of digital storytelling. They argued
that insight is the treasure of a story, and storytellers control
how many clues the audience has to find it (Lambert and
Hessler, 2018). Could how YouTubers deal with the insight
of their stories influence how the audience understands and
accepts the content they see? We predicted that a popular
video is more likely to have an outspoken revelation of
the insight.
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Emotional Arousal
Emotional arousal is widely considered as one of the underlying
dimensions of emotion. It refers to the intensity of emotional
stimuli, ranging from soothing or calming to agitating or exciting
(Russell, 1980). For example, a person getting angry often
experiences an increased heart rate, while a sad person feels less
sensorially alert. In this pair of emotions, anger is of higher
arousal than sadness. Generally, high arousal emotions include
anger, fear, anxiety, excitement, and awe, whereas emotions such
as sadness, calmness, and boredom belong to the low arousal end.

Previous studies have shown that content that evokes high
emotional arousal, regardless of the valence of the emotions,
is more likely to be shared than low-arousal inducing content
(Berger, 2011; Berger and Milkman, 2012; Nelson-Field et al.,
2013). In our study, we examined whether videos inducing higher
emotional arousal were more likely to gain higher views.

Status of Story
Status of story refers to the extent to which story drives the
proceeding of the video. Texts used in public communication of
science can be categorized into four main kinds: argumentative
text, expository text, expository text embedded in a narrative,
and narrative (Avraamidou and Osborne, 2009). The role played
by stories varies in these texts, and science communicators
are likely to use different forms of text for different audiences
or purposes.

A few recent studies have examined the status of story in
science videos. Davis and León (2018) analyzed the narrative
features of 826 videos on the topics of climate change,
nanotechnology and vaccines. They found that only 5.3% used
a traditional three-act structure of storytelling with a situation
set-up at the beginning, a complication in the middle, and a
resolution at the end. The vast majority of videos still relied
on an expository structure to present science (Davis and León,
2018). Davis et al. (2020) further made two otherwise identical
science videos to compare the effects of an expository text and an
infotainment text with a story structure. Their results indicated
that the expository style was better liked and perceived as more
believable, whereas the story-structured infotainment style was
found easier for viewers to recall presented information andmore
likable among viewers without a university degree.

In this study, we used status of story to distinguish videos
that are made to tell a story from those driven by non-story
texts. This measure allowed us to tell apart different levels of
the narrative-expository mixture and characterize how popular
science YouTubers use stories in their videos. It’s important to
note that, as it has been specifically designed for assessing science
videos, this storytelling component is more subjective than some
of the others mentioned above.

To any specific individual, what constitutes “good storytelling”
is, by its nature, subjective. Many factors, including historical
traditions, cultural styles, and individual aesthetic preferences,
can shape a person’s preference for a certain style of storytelling.
Nevertheless, storytelling features shared by different pieces of
content viewed by large groups of viewers could be reasonably
considered “good” practice for content producers, as they might
have been important in reaching that broad audience.

By coding and analyzing these seven components in
science videos on YouTube, we addressed the following
research questions:

1. Is there any difference in the presence and extent of
storytelling factors between more and less viewed videos?

2. What characteristics of storytelling factors do themore viewed
videos have in common?

Details of the coding process of these seven dimensions are
described in the following Method section.

METHODS

In this study, we used views shown on YouTube video pages as a
proxy for the video’s popularity. While several different measures
could be used to understand the overall success of a YouTube
video, some are susceptible to spammers (e.g., likes/dislikes) and
some can only be read by the channel holder (e.g., watch time). In
contrast, view counts—verified via a specific verification process
developed by YouTube to count and authorize legitimate views
(Google, 2020a)—offer the most accessible and reliable reflection
of how popular a video is.

To assess the difference in the deployment of storytelling
factors between more viewed and less viewed science videos
while controlling for content-agnostic factors such as channel
subscribers, we collected a group of successful science YouTube
channels, and from these sourced both their most and least
viewed science videos published in 2019. The storytelling
components observed in the most viewed group were then
compared with those in the least group. Given the broad
definitions of science communication in academic literature and
practice, in this study, we refer to a science video as (a) any
educational, but not purely instructional, didactic or pedagogical
video content, and (b) in any science field listed in the All Science
Journal Classification Codes (Elsevier, 2020).

Channel and Video Procurement
We collected target channels from Socialblade, a website that
tracks YouTube statistics. We sampled YouTube channels that
produce science communication videos in English from the “Top
250 YouTubers” lists under the categories of “Education” and
“Science and Technology” on Socialblade.

Each category contained three lists sorted by different
parameters, namely the number of subscribers, video views, and
SB Rank, a measurement developed by Socialblade that indicates
the channel’s influence. On 24 February 2020, we collected a total
of 52 channels from those six lists of two categories (Socialblade,
2020a,b,c,d,e,f), with their numbers of uploads, subscribers, and
total video views recorded. Overall, these channels can be taken
as broadly representative of the most popular science YouTubers,
although some other popular channels that produce science
content fall outside of the two categories examined. For example,
the YouTube channel “National Geographic” was categorized
under the channel type “Entertainment” on Socialblade, which
was determined by the classification of content of the channel’s
recent public videos.
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Using ScrapeStorm (2020), a commercially available data-
extracting tool, we obtained data on all videos published by the
52 channels from 1 January to 31 December 2019, resulting in a
dataset with titles, URLs, release dates, and views of a set of 5,339
videos. We then looked for the most- and least-viewed science
communication videos published by each channel. Choosing
videos in this way assured that every sampled video came
from a channel with well-established influence and that the
overall content-agnostic factors, including video quality and the
YouTuber’s social network size, were controlled in the most- and
least-viewed groups.

Initially, we aimed to collect the three most viewed and
three least viewed science communication videos from each
channel. Two channels, however, uploaded fewer than six science
communication videos with accessible view counts in 2019. The
channel Motherboard had four, so we used two with higher views
and two with lower views. In the channel Vsauce, only three
videos had visible views. In this case, we selected the most and
least viewed videos.

In total, a final sample of 306 videos, 153 in the most-
viewed group and 153 in the least-viewed group, were acquired
for content analysis. To maintain consistency of selection, one
author (TH) reviewed all videos for inclusion.

Content Analysis
For content analysis, we used a seven-item list of storytelling
components to code the observable storytelling characteristics of
each video. We looked for different storytelling patterns between
the most-viewed group and the least-viewed group to shed
light on the relationship between each component and video
popularity. Justification for these components is included above;
here we denote how each component was operationalized.

Narrative Point of View
This item checks the dominant narrative point of view of a video.
A video is of the first-person narrative when the narrator uses the
first-person pronouns to present events in which he or she is one
of the characters (e.g., “I did this”) most of the time. When the
narrator and the protagonist of the event presented are different
individuals, and thus third-person pronouns are used most often
(e.g., “She did that”), the video takes a third-person point of view.
Lastly, the dominant use of the pronoun “you,” as if the narrator is
telling the story to a narratee, indicates a second-person narrative
in the video.

Use of Voice
The use of voice refers to the dominant way (>75% of video
duration) the host uses their voice in the video. We categorized
the use of voice into four types: none, voice-over visuals, speak-
on-camera, and mixed.

When no vocal narration was involved in a video for most of
its length (for example, some videos may only use text over static
or animated visuals to report science news), we marked the use
of voice as none. A video used voice-over visuals if the narrator
primarily talked off-camera (i.e., without the viewer seeing his
or her talking face) and over visuals such as animation. If the
narrator mostly talked on camera, either directly to it or not, the

video was designated speak-on-camera. Lastly, when a video had
multiple ways of using voice, and none of them accounted for
>75% of the time, we categorized it as mixed. We recorded the
length of the video in seconds and used a stopwatch to examine
the dominant use of voice.

Dramatic Question
A video has an explicit dramatic question if the host or producer
directly states it in a complete question form, either in the
narration or in the title. If the core issue discussed by the
video was identifiable but not asked as a question, we coded
the question as implicit. For example, if the narrator noted
“How do black holes form?” in a video solely about black hole
formation, the video had an explicit dramatic question. If the
narrator instead mentioned “Black holes can only form under
some bizarre conditions and here’s how,” then the question was
implicit. In cases where videos didn’t reveal such a question in
any form, we coded it as a video with no dramatic question.

Moments of Change
In this item we inspected the number of times (0, 1, 2, 3, or more)
when the narrative of the video pivoted in a different direction,
establishing a contradiction tension, or twist. A moment of
change can refer to amoment when an unexpected event happens
during the video, or when the narrator proactively ends the
discussion on one topic and shifts to a new one. If the narration
stays straightforward throughout the video, for example, in
the case of a YouTuber briefly answering questions from the
audience, then the video has no moment of change.

Insight
In this study, the insight item documents the way the channel
producers clarify the point of each video. Storytellers, probably
in particular science storytellers, tell stories to make a point. The
farmer and the viper from Aesop’s Fables, for example, warns
of the consequences of being kind to the wicked. We examined
whether a video addresses the insight in an explicit way, an
implicit way, or does not mention it at all.

Emotional Arousal
Emotional arousal refers to the level of physiological activation
evoked in viewers by the content. Here, we followed a four-point
Likert scale to rate the level of arousal induced by the video, based
on the work of Bradley et al. (1992): inactive, a little bit active,
moderately active, and quite active. Different levels of emotional
arousal are shown in schematic form in Figure 1.

Status of Story
We rated the status of story in a video using a four-point
Likert scale (None-Low-Medium-High). None: no story is told
or shown through image during the entire video. Low: a story is
told in a small part of the video and does not influence most of
the remaining content. For example, a video may begin with a
story about someone being frightened and talk about the science
of fear without further responding to the story. Medium: stories
are told now and then throughout the video, but most of them
are unrelated. This form of storytelling is commonly seen in
videos showcasing a list, such as “Top 10 science stories of 2019,”
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FIGURE 1 | Schematic adapted from Bradley et al. (1992) showing different levels of emotional arousal. From left to right: inactive, a little bit active, moderately active,

and quite active.

which may involve several independent stories. High: the whole
video is used to tell or show one central story, which can contain
multiple interrelated stories. It’s important to note that a story can
be presented through either narration or footage revealing what
happened next.

Coding Procedure
To test intercoder reliability, two coders independently coded
ten science communication videos selected from the sample. We
numbered the 306 videos and used the Excel RANDBETWEEN
function to generate ten different random numbers to make the
selection. The values of Cohen’s kappa (κ) for all seven categorical
variables were≥ 0.75, indicating an excellent agreement between
coders (Fleiss et al., 2013). Weighted kappa was used for three
ordinal items, namely moments of change, emotional arousal,
and status of story.

Following this, a single coder (TH) manually viewed each
video, coding each according to the seven criteria. To reduce the
selection bias, the order of the videos was randomized using the
Excel RAND function. Any promotional components to videos
(for example, an in-video advertisement) was ignored.

Statistical Analysis
We used Microsoft Excel to carry out all statistical analyses.
Student’s t-test was used to determine whether data of the two
groups were significantly different. When unequal variance was
identified using Levene’s test for homogeneity of variance, we
used Welch’s t-test in place of Student’s t-test. The Chi-square
statistic of independence was adopted to analyze differences
between groups of nominal data. An alpha of.05 was used
for significance in all tests. When the Chi-square result was
significant, Cramer’s V was used to assess the statistical strength
(Cohen, 2013). All components with significant chi-square
results were dummy coded and used as independent variables to
perform a binary logistic regression.

RESULTS

Video Views, Duration, and Age
We sampled 306 videos for content analysis, with 153 in the
most-viewed group and 153 in the least-viewed. Videos in the

most-viewed group, by definition, were viewed significantly more
times [Mean (M) = 5.18 million (m) views, Standard Deviation
(SD) = 8.04m] than the least-viewed group [M = 0.59m views,
SD = 1.75m, Welch’s t(166) = 6.90, p < 0.01, Cohen’s d = 0.79]
(Figure 2A).

No significant difference was found in duration of videos
between the most-viewed group (M = 11.90min, SD = 16.79)
and the least-viewed group [M = 10.47min, SD = 15.39,
Student’s t(304) = 0.78, p= 0.44, Cohen’s d= 0.09] (Figure 2B).

Even though all videos were published within one calendar
year, videos in the most-viewed group (M = 271 days, SD =

101) appeared to be significantly older than those in the least-
viewed group [M = 227 days, SD = 108, Student’s t(304) =

3.68, p < 0.01, Cohen’s d = 0.42] (Figure 2C). Despite this,
Spearman’s rank-order correlation suggested that the monotonic
association between video age and video views was very weak
[ρ(304) = 0.10, p = 0.06]. In other words, older video age
doesn’t necessarily mean a high number of views in the sample
(Figure 2D). Examining how rapidly a YouTube video becomes
popular, Figueiredo et al. (2011) found that, for a random
YouTube video aged 1–12 months, it takes 79% of its video
age to receive at least 90% of its views. For a highly popular
video of the same age, the time was even shorter (Figueiredo
et al., 2011). According to this observation, it’s unlikely that
videos in the least-viewed group would have gained views to
overturn the significant difference in video views between the
two groups, even if they were collected later so that both groups
had the same average age. Therefore, we deemed the view
difference caused by the difference in video age between groups to
be negligible.

Storytelling Components
Chi-square tests were performed to compare proportions of
videos in the most-viewed and the least-viewed group regarding
(1) narrative point of view, (2) use of voice, (3) dramatic question,
(4) moment(s) of change, (5) insight, (6) emotional arousal, and
(7) status of the story (Table 1).

The narrative point of view did not differ between the groups
[χ2(2,N= 306)= 2.04, p= 0.36], suggesting that narrative point
of view has no significant impact on video popularity amongst
successful YouTubers. Overall, the first-person point of view was
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FIGURE 2 | The distribution of video (A) views, (B) duration, and (C) age of sampled videos (N = 306). The relation between video age rank and views rank is shown

in (D). Asterisks indicate a significant (p < 0.05) difference between the most-viewed group and the least-viewed group.

most common (61%) in our sample, whereas only 8% adopted the
second-person approach, which addresses the audience directly
(Figure 3A).

Given the fact that only three videos in the most-viewed group
and four in the least-viewed group involved little vocal narration,
which violated one of the assumptions of Chi-square test, we used
Fisher’s exact test as an alternative. No significant difference was
found between groups regarding the use of voice (p= 0.72). Most
of the examined videos (>97%) used voice for narration, among
which the voice-over visual was the most common narration
style (Figure 3B). As before, these results suggest that the use
of voice has no significant impact on video popularity amongst
successful YouTubers.

A significant difference in the use of dramatic questions
was found between the most-viewed and least-viewed groups,
although the effect size was small [χ2(2, N = 306) = 6.68,
p < 0.05, Cramer’s V = 0.15]. The most-viewed group had
significantly fewer videos without a dramatic question, and
most videos in this group had an explicit dramatic question
(e.g., World’s Largest Jello Pool- Can you swim in Jello?
by Mark Rober begins by directly asking, “What would it
be like to actually belly flop in a pool of Jello?”). For
both groups, videos with an implicit dramatic question were
uncommon (Figure 4A).

More importantly, the number of moments of change differed
significantly between groups, with a medium effect [χ2(3, N =

306) = 18.35, p < 0.001, Cramer’s V = 0.24]. Overall, videos in
the most-viewed group were most likely to have one moment of
change, whereas those in the least-viewed group most frequently
had no moment of change at all. Plus, the most-viewed groups
had significantly more videos with three or more moments of
change than the least-viewed group (Figure 4B).

The proportion of insight also significantly differed between
groups [χ2(2,N= 306)= 9.89, p< 0.01, Cramer’s V= 0.18]. The
most-viewed group had more videos that had an explicit insight
than the least-viewed group (Figure 4C). In the video What if
We Nuke a City? By Kurzgesagt—In a Nutshell, for example,
the narrator clearly emphasized the importance of eliminating
all nuclear weapons after demonstrating what would happen if
a city was attacked with a nuclear weapon. Yet, most videos
in the sample (55% of the most-viewed group and 71% of the
least-viewed) had no insight (Figure 4C).

Videos in the most-viewed group also differed from those
in the least-viewed group when it came to emotional arousal.
The relationship was significant, and the effect size was large
[χ2(3, N = 306) = 29.46, p < 0.001, Cramer’s V = 0.31].
The least-viewed group had a higher percentage of emotionally
inactive videos (∼62%) than the most-viewed group (∼40%).
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TABLE 1 | Chi-square test results on proportions of storytelling components in two groups.

Components Levels Popularity (group total) df χ
2 p Cramer’s V

Most-viewed (153) Least-viewed (153) (N = 306)

Point of view First person 92 95 2 2.04 >0.05

Second person 17 10

Third person 44 48

Use of voice None 3 4 – – –

Voice over visual 72 62

Talk on camera 35 39

Mixed 43 48

Dramatic question None 51 71 2 6.68 <0.05 0.15

Implicit 20 11

Explicit 82 71

Moments of change None 44 66 3 18.35 <0.001 0.24

1 48 56

2 30 22

≥3 31 9

Insight None 84 109 2 9.89 <0.01 0.18

Implicit 17 15

Explicit 52 29

Emotional arousal Inactive 61 95 3 29.46 <0.001 0.31

A little active 46 47

Moderately active 31 9

Quite active 15 2

Status of story None 31 45 3 22.40 <0.001 0.27

Low 21 47

Medium 32 19

High 69 42

FIGURE 3 | The percentage of videos with different (A) point of view, (B) use of voice in the most-viewed and least-viewed group.

Meanwhile, 30% of videos in the most-viewed group were
moderately or quite activating, whereas only 7% of the least-
viewed group managed to induce such emotional arousal
(Figure 5A).

Lastly, status of story differed significantly between the two
groups, and the effect size was medium [χ2(3, N= 306)= 22.40,
p < 0.001, Cramer’s V= 0.27]. The most-viewed group was more
likely to have videos with medium (21%) or high (45%) status of
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FIGURE 4 | The proportions of videos with different types of (A) dramatic question, (B) moments of change (C) insight in the sample (N = 306). Asterisks denote a

significant difference between the most-viewed group and the least-viewed group: *indicates p < 0.05; **indicates p < 0.01; ***indicates p < 0.001.

FIGURE 5 | The proportions of videos with different types of (A) emotional arousal, and (B) status of story (N = 306). Asterisks denote a significant difference between

the most-viewed group and the least-viewed group: *** indicates p < 0.001.

story compared with the least-viewed group. For example,When
Humans Were Prey by PBS Eons devoted the whole video to the
story about the change of interpretation of the Taung Child fossil.
Meanwhile, the least-viewed group had more videos without any
story (29%) and videos whose status of story was low (31%)
(Figure 5B).

Binary Logistic Regression
A binary logistic regression was performed to ascertain the
effects of dramatic question, insight, moments of change,
emotional arousal, and status of story on the likelihood
that a science video belonged to the most-viewed group
(i.e., was more popular). The logistic regression model was

statistically significant, explaining 22.9% of variability of
video popularity [Nagelkerke r2 = 0.229, χ

2(13) = 57.693,
p < 0.01].

Themodel indicated that emotional arousal and status of story
were significant predictors of video popularity (p < 0.05). When
the level of emotional arousal evoked by the video changed from
lower than moderate (0) to moderate or higher (1), the odds
of higher popularity is 2.998 times higher, if all other variables
remained unchanged (95% CI: 1.237–7.265). More importantly,
compared to videos with low status of story or no story at all (0),
videos with medium or high status of story (1) were 3.163 times
more likely to be more popular (95% CI: 1.378–7.262). Dummy
variables representing the use of dramatic question, insight,
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TABLE 2 | Summary of binary logistic regression analysis for variables predicting video popularity.

Coeff b s.e. Exp(b) 95% CI for exp(b)

Lower Upper

Intercept −0.908 0.301 0.403

Dramatic question-none 0.721 0.465 2.056 0.826 5.115

Dramatic question-explicit −0.111 0.452 0.895 0.369 2.173

Insight-none −0.067 0.442 0.936 0.394 2.223

Insight-explicit 0.568 0.479 1.765 0.690 4.514

Moments of change-none −0.140 0.331 0.869 0.455 1.662

Moments of change->1 0.072 0.378 1.074 0.512 2.252

Moments of change-≥3 0.893 0.524 2.442 0.875 6.814

Emotional arousal-inactive 0.172 0.298 1.187 0.662 2.129

Emotional arousal-≥moderately active 1.098* 0.452 2.998 1.237 7.265

Emotional arousal-quite active 0.640 0.880 1.896 0.338 10.644

Status of story-none −0.636 0.386 0.529 0.248 1.128

Status of story-≥medium 1.152** 0.424 3.163 1.378 7.262

Status of story-high −0.126 0.385 0.882 0.415 1.875

Storytelling predictors-conditions were coded as 1 for yes and 0 for no. *p < 0.05. **p < 0.01.

and moments of change were non-significant predictors in this
model (Table 2).

The model correctly predicted 60.78% of cases where videos
belonged to the most-viewed group and 71.24% of cases where
videos belonged to the least-viewed group. Overall, the model
provided an accuracy of prediction of 66.01%.

Features of the Most-Viewed Group
Correlations between storytelling components and video
duration were found within the most-viewed group. A Chi-
square test revealed a significant difference in the proportion
of videos with different status of story across four categories of
video duration [χ2(9, N = 153) = 31.02, p < 0.001, Cramer’s V
= 0.26]. As shown in Figure 6A, videos with high status of story
accounted for over 30% of each duration category. Meanwhile,
videos with no stories were more common in shorter videos than
longer ones.

As might be expected, the number of moments of change in
videos also differed significantly across video duration [χ2(9, N
= 153) = 23.36, p < 0.01, Cramer’s V = 0.23]. Videos shorter
than 15min were most likely to have only onemoment of change;
videos longer than that typically had three or more moments of
change (Figure 6B).

Moreover, we found a significant difference in the distribution
of the number of moments of change across videos with different
status of story [χ2(9, N = 153) = 29.46, p < 0.001, Cramer’s V
= 0.29]. Videos with a higher status of story were less likely to
proceed without a moment of change in narration (Figure 6C).

DISCUSSION

In this study, we examined 306 science communication videos
published by 52 highly popular YouTube channels in 2019. By
comparing seven storytelling components in the most viewed

and least viewed videos from these channels, we found five of
these factors significantly related to video popularity. Specifically,
videos in the most-viewed group were more likely to identify a
dramatic question to be addressed for the audience, incorporate
at least onemoment of change in the narration, specify the insight
of the content presented, evoke higher-arousal emotions and
elevate the importance of story in the video. The binary logistic
regressionmodel considering the five components (coded into 13
dummy variables in total) showed significant effects of emotional
arousal and status of story on the probability of achieving a high
video popularity.

Overall, our results indicate that the popularity of a science
video is associated with storytelling, providing further emphasis
on the role of storytelling in science communication. The present
findings suggest a popular science video on YouTube is likely to
be a 12-min story about an emotionally activating journey toward
an answer to a science-related question raised at the beginning,
with a twist in the middle and a revelation of the gist of the
exploration at the end.

These features shed light on possible mechanisms of
increasing science video popularity through storytelling. Among
the examined relationships, the association between video
popularity and emotional arousal was the only one that had a
large effect size. This result hints that science videos evoking a
higher level of emotional arousal in the audience are more likely
to be popular. Previous studies have suggested that emotionally
arousing content tends to elicit greater sharing (or intentions
to share) amongst viewers (Berger, 2011; Berger and Milkman,
2012; Nelson-Field et al., 2013), which would certainly lead to
more views in the long run. It is worth noting that the valence of
emotions evoked is also suggested to make a difference between
the popularity of online content (Berger and Milkman, 2012;
Tellis et al., 2019). Cooper and Nisbet (2016) found that the
relationship between stories and emotions varies according to the
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FIGURE 6 | Relationship between (A) video duration and status of story, (B) video duration and moments of change, and (C) status of story and moment of change in

the most-viewed group (N = 135).

emotional valence of the story. To yield a deeper understanding
of how storytelling may influence viewers’ intention to share a
video, future research should examine both the arousal and the
valence dimension of the emotions involved.

Meanwhile, the use of dramatic questions, moments of
change, insight revelation, and the use of one central story is
also related to higher video popularity, although with small or
medium effect sizes. These components could help to evoke
and retain the attention of the audience, make sense of the
information presented and create a mesmerizing experience for
the viewer, which might also contribute to video popularity
through promoting sharing.

Particularly, the number of moments of change appeared to be
associated with both the status of story and video length. Within
the most-viewed group, more than half (55%) of videos with a
high status of story and 67% of videos longer than 15min had
two or more moments of change. A typical example that used
twists to lead the audience to the next stop of the video was
What Is The Scariest Thing? by Vsauce. Several times Michael
Stevens, the host of the show, overturned previous candidates for
“scariest thing,” Each twist was announced with a “but” to get the
audience more captivated by the ultimate answer. Is such usage
of moments of change an “overly narrative” form of storytelling,
as Olson (2015) put it, or an application of multiple preferred
ABT structures in one video? As the contexts and positions of
the observed moments of change were not marked in this study,
we can’t determine whether each of them was effectively used
according to Olson’s framework. More work would need to be
done to explore this question in depth.

Several limitations of this study constrain us from drawing
more general conclusions about the impact of storytelling on
science video popularity. Firstly, all our sampled videos were
from a single video platform, YouTube. Generally, YouTube
users are more likely to have a college degree than the general
population, and more than 50% of YouTube users are female

(Google, 2020b). But specific demographics of the viewers of
the sampled channels, including age, gender, and geography,
are accessible only to the channel holders. Therefore, while
a large number of viewers watched the sampled videos, we
can’t take these viewers as fully representative of the wider
consumer population of science videos. Secondly, to shed light
on the practice by the most popular science YouTubers, we
used extreme case sampling rather than probability sampling
in this study. While results derived from these samples can
be useful to guide future practice, a sampling approach could
allow for better generalizability of findings. Thirdly, it’s unlikely
that our list of seven components has included all storytelling-
relevant factors that contribute to video popularity. Viewers
have inherently subjective perceptions of video content, and
may well be attracted to the same content for different
reasons. Asking viewers to compare pairs of videos with a
similar topic on YouTube, Figueiredo et al. (2014) found that
although viewers often disagree with each other’s preference,
they almost always made the right prediction of which video
would be more popular on YouTube. Therefore, although it’s
extremely difficult, if not impossible, to identify all storytelling
factors that have an impact on video popularity, it’s worth
searching. Future research should look at a wider range of
storytelling-related variables for their impact on science video
popularity. Lastly, through the chi-square test, we could only
establish correlations rather than causal relationships between
storytelling components and popularity. It doesn’t necessarily
imply that, for example, having more moments of change
makes a video more popular. Further evidence on this point
could be gathered via potential experimental conditions, or
via gaining access to the audience reach and engagement
data available only to the individual Youtuber or at the
platform level.

Therefore, it is important to note a few things when
interpreting the contribution of this study.
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First of all, this study focuses on one goal of science
communication, namely generating interest among non-expert
audiences. Scheufele and Brossard (2008) contended that it might
be unethical if we do not “use all tools at our disposal in order to
reach broad audiences,” Here we intend to showcase the potential
of storytelling in science videos as part of the toolkit of science
communicators. But at the same time, while in this study we
contrasted the most and least viewed groups to find “better”
storytelling patterns that potentially facilitate higher video views,
it doesn’t mean that video popularity is the only—or even the
most important—measure to define how successful a science
communication video is.

Secondly, while our results revealed the most frequently
displayed form of seven storytelling components in highly
popular science videos, it doesn’t necessarily mean that videos
displaying these storytelling components will always be similarly
popular. There are, of course, many other content and content-
agnostic factors that contribute to video popularity. Having said
that, videos that display the examined characteristics will, all
other things being equal, be more likely to be popular. The
question of how technically well or badly the YouTubers use these
storytelling components is, while important, beyond the scope of
our explorative study.

Last but not least, through looking into some of the
most popular science channels, our study suggests the
existence of a constant quest for good stories even amongst
successful YouTubers. Although many of the YouTube science
communicators explored in this study are excellent storytellers

who are probably well aware of effective ways of composing a
science story, they often fail to apply them equally in all their
videos andmake them equally narratively attractive. For example,
the video When Giant Lemurs Ruled Madagascar had only one-
tenth the view count of the video How We Domesticated Cats
(Twice), even though they were both produced by PBS Eons and
had highly similar traits over the seven storytelling components.
Although we started to investigate the importance of the telling
part of storytelling in video popularity, our finding hints at the
unexamined impact of the story part of storytelling. Even for the
most popular science YouTubers, it seems that there’s an elusive
dividing line between a well-told story and a great story. Finding
a way to assess the latter, and more importantly, finding a way
to produce it, will be challenging tasks for future researchers and
science communicators to address.
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In this study, we investigate misinformation and disinformation (M&D) about vaccines

using a case study approach to understand how M&D about vaccines circulate on

YouTube in Portuguese, and who are the channels creating and disseminating this

kind of content. The World Health Organization considered vaccine hesitation as one

of the greatest threats to global health in 2019. Researchers associated this hesitation

to a strengthening of the anti-vaccination movements, suggesting that social media is

currently the main spreader of this position. YouTube increasingly becomes a matter of

concern, since its recommendation system is identified as a promoter of misinformation

and extreme content. Despite YouTube’s statements, M&D about vaccines continue

to be disseminated in videos in Portuguese, reaching a large audience. We found 52

videos containing M&D about vaccines. The main M&D were the claim of dangerous

ingredients in vaccines, the defense of self-direction—freedom of choice, independent

research—, the promotion of alternative health services, the myth that vaccines cause

diseases, conspiracy theories, and the allegation of vaccine’s severe collateral effects. We

identified 39 brands advertising on 13 videos of our M&D sample. Although the YouTube

Partner Program is an important source of income, the channels use different economic

strategies, such as the selling of courses, and therapies and the use of fundraising

platforms. We also found that alternative health channels spread distrust about traditional

institutions to promote themselves as trusted sources for the audience and thereby profit

with alternative health services.

Keywords: alternative health, disinformation, misinformation, vaccines, Youtube

1. INTRODUCTION

The World Health Organization considered vaccine hesitation as one of the greatest threats to
global health in 2019 (World Health Organization, 2019b). With the decrease in immunization
coverage, 170 countries registered cases of measles, increasing 300% when compared to the first
three months of 2018 (World Health Organization, 2019a). In this scenario, Brazil was the sixth
country by reported cases of measles in 2019 (Castelvecchi et al., 2019), despite the National
Immunization Program, one of the strongest Brazilian public health policy programs (Domingues
et al., 2012), offering 20 different types of vaccines free of charge to the population (G1 DF, 2020).
Researchers associated the decrease in immunization to a strengthening of the anti-vaccination
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movements (Dubé et al., 2015; Benecke and DeYoung, 2019),
suggesting that social media is currently the main spreader of this
position (Stecula et al., 2020).

In the last two decades, several researchers studied vaccine
misinformation and disinformation (M&D) on different online
platforms and sites, such as Facebook (Faasse et al., 2016; Orr
et al., 2016; Hoffman et al., 2019), YouTube (Keelan et al.,
2007; Ache and Wallace, 2008; Briones et al., 2012; Cambra
et al., 2016; Covolo et al., 2017), among others (Nasir, 2000;
Wolfe et al., 2002; Zimmerman et al., 2005; Kata, 2010; Bean,
2011). According to them, the amount of vaccine M&D on sites
and social media platforms have varied throughout the time
(Ache and Wallace, 2008; Briones et al., 2012). Despite that, the
online presence of anti-vaccinationmovements seems to increase
in recent years (Donzelli et al., 2018; Johnson et al., 2020).
These communities use strategies to reach a larger audience—
personal narratives (Duchsherer et al., 2020), anti-vaccination
advertisements (Jamison et al., 2020)—and create workarounds
to avoid being flagged as “harmful content” on social media—e.g.,
using lexical variations and emphasizing concepts like “informed
consent,” “health freedom,” and “pro-choice” (Kata, 2012; Koltai,
2020; Szeto et al., 2020).

YouTube increasingly becomes one of the most popular
social media services, reaching over two billion users each
month (YouTube About, 2020). YouTube’s recommendation
system is responsible for 70% of total viewing time, and
drives the promotion of certain content within the site
(Popken, 2018). YouTube’s reach is a reason for concern,
since its recommendation system is identified as a promoter
of misinformation and extreme content (Mozilla, 2019; Avaaz,
2020). There is still a gap in the research literature on
vaccine M&D in other languages than English and when
investigating this topic, great part of the researchers draw
attention to other platforms, such as Facebook and Twitter. As
suggested by Allgaier (2018), investigating YouTube empirically
is still challenging because of the numerous approaches
and problematic aspects associated with it, reinforcing the
importance of research aimed at this online environment.

After a series of complaints from academics and journalists
(Geurkink, 2019), YouTube stated the implementation
of measures to reduce recommendations of harmful
misinformation and to remove advertisements from anti-
vaccination videos (Ingram, 2019). Such claims can not be
confirmed without access to its data. Also, these measures are
even more complex when considering content in languages
other than English and countries without proper regulation.
For instance, YouTube has great influence in the spread of
anti-vaccination content in Portuguese: almost 90% of the
videos analyzed in Avaaz and SBIm (2019) presented some
misinformation about vaccines, reaching 7.4 mi of visualizations
in the last three years. These are concerning results, since 57%
of the interviewed subjects that did not vaccinate themselves
or their children declared misinformation about vaccines as a
reason (Avaaz and SBIm, 2019).

In this paper, we investigated M&D about vaccines using a
case study approach. We used a sample obtained from the terms
“vacina+autismo” (vaccine+autism, in English), to understand

how M&D about vaccines circulate on YouTube in Portuguese,
and who are the channels creating and disseminating this kind
of content. These terms were used due to the prevalence of the
false link between vaccines and autism (Suelzer et al., 2019), a
disinformation spread first in 1998 with the publication of a
fraudulent paper (Deer, 2011) and still used as an argument by
the anti-vaccination movements (Venkatraman et al., 2015; van
Schalkwyk, 2019).

Despite YouTube’s statements on their fight against
misinformation (O’Donovan, 2019), we verified that channels
already identified as creators of harmful M&D (Avaaz and
SBIm, 2019) continue to offer questionable videos to the public,
with many of them still being part of the YouTube Partner
Program. In our sample, we found a community of content
creators that collaborate to promote alternative health services
meanwhile spread M&D about vaccines. These channels have
financial gains selling courses, books, and alternative treatments,
requesting donations through fundraising platforms and
deposits in bank accounts, and even from large companies,
through advertisements on YouTube.

2. MATERIALS AND METHODS

2.1. Acquiring and Pre-processing the Data
We used YouTube Data Tools (Rieder, 2019) to obtain the
data used in this study. The tool was set up using the option
“Video Network,” which creates a network of relations between
videos via YouTube’s “related videos” feature: YouTube defines
“related videos” from the relatedToVideoId parameter,
which contains a list of videos related to a given video (YouTube,
2020). We selected the following parameters on YouTube
Data Tools:

• Search query: “vacina+autismo” (in English,
“vaccine+autism”)

• Iterations: 1
• Rank by: relevance
• Crawl depth: 2

The data was obtained in triplicate on February 10, 2020, between
19:00 and 21:00 UTC. This way, we obtained 1,714, 2,135, and
2,286 videos in each extraction. Then, we combined the three
datasets and used Gephi (Bastian et al., 2009) to obtain specific
videos: containing the word vacina—vaccine—in their title;
connected to the network, with a network degree higher than
one—i.e., connected to the network by more than one related
video; with more than 10,000 views. We used the following
queries on Gephi:

Giant Component→Degree Range:≥ 2→ Range (viewcount):
→ 10000
These processes reduced the data to 191 videos. From these
videos, we excluded the irrelevant ones—information on animal
vaccination, technical material addressed to health workers,
advertisements and videos on the Vaccine Revolt, a historical
moment in Brazil. These videos were watched and analyzed
completely, and were considered as irrelevant due to their
content; for example, videos on the Vaccine Revolt were created
by official institutions or science communication channels that
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approach the event from a historical perspective. Then we
reached the initial sample of our study, consisting of 158 videos.

We performed the classification on the initial sample
between February 11 and 18, 2020, using a protocol of vaccine
misinformation and disinformation (M&D) developed for this
research. All videos were watched completely; when vaccine
M&D was identified, the content was manually classified by
an author (DFTM). If any of the videos created uncertainty,
a second author (LG) would analyze the material and both
would discuss to reach consensus. Several videos had more
than one category of M&D about vaccines. We classified M&D
categories in each video, and our classification is presented in
the Supplementary Material (de Siqueira, 2020) in order of
appearance. We also identified and documented the brands
advertising on each video manually throughout screenshots,
available—along with the Supplementary Material—on a
GitHub repository (de Siqueira, 2020). We watched the videos
using the Tor browser (The Tor Project, Inc, 2020), to minimize
YouTube’s algorithm system personalization.

We also created a secondary sample visiting the channels
containing M&D videos from the initial sample betweenMarch 3
and 11, 2020. The videos selected contained the word “vacina,”
or related to vacina—e.g., VACINAS: Você acredita Nelas?
(VACCINES: Do you believe in them?)—in the title. These videos
were classified between March 12 and 20, 2020, using the same
protocol from the initial sample. Therefore, our sample has 52
videos containing M&D about vaccines in total—23 from the
initial sample and 29 from the second sample.

2.2. Classifying the Videos
To specify what videos on our sample contain misinformation or
disinformation, we labeled them according to six main categories
created for this study. Each category consists of the main M&D
spread about vaccines:

1. Safety: vaccines cause diseases (A); vaccinated people transmit
the disease (B); vaccines cause autism (C); vaccines cause
severe collateral effects (D); vaccines contain dangerous
ingredients (E); it is safer to contract the disease than vaccinate
(F); vaccines can impair the immune system (G); overload
on vaccines and its consequences (H); alternative vaccination
schedules are safer (I)

2. Effectivity: vaccines do not work (J); vaccines are not
responsible for the decrease in diseases (K)

3. Alternative health: promotion of alternatives to vaccination,
mainly naturopathic and wellness services (L)

4. Morality: association between HPV vaccine and promiscuity,
and/or religious issues (M)

5. Conspiracy theories: narratives about powerful institutions
or actors with nefarious intentions and secret plans (N)

6. Other: self-direction—freedom of choice, independent
research (O); claim that people that know the “truth” do not
vaccinate (P); emotional appeal (Q)

These categories are based on myths about vaccination most
heard by Brazilian physicians, most spread M&D about vaccines
in Brazil (Avaaz and SBIm, 2019), and in research analyzing
the content of sites or videos about vaccination on the last two
decades (Nasir, 2000; Wolfe et al., 2002; Zimmerman et al.,

2005; Kata, 2010; Bean, 2011; Ward et al., 2015; Ekram et al.,
2019; Yiannakoulias et al., 2019). Self-direction, as presented in
the category Other, is based on Koltai’s research on the anti-
vaccination movement in the United States (Koltai, 2020).

2.3. License and Reusability
The algorithms and functions implemented in this study were
written in Python (van Rossum and Drake, 2009), using the
packages Numpy (Oliphant, 2006; van der Walt et al., 2011;
Harris et al., 2020), Scipy (SciPy 1.0 Contributors et al., 2020), and
Matplotlib (Hunter, 2007). All code and data published with this
paper is available under the BSD 3-clause license, and all figures
generated in this paper are available under the CC-BY 4.0 license.

3. RESULTS

Our initial sample contained 158 videos. We classified 23
videos from this sample with at least one misinformation or
disinformation (M&D) about vaccines. The main categories
identified were Safety—dangerous ingredients in vaccines (E)—,
Alternative health—the promotion of products and therapies
as vaccine alternatives (L)—, and Other—the defense of self-
direction (O). These specific M&D examples, E, L, and O, were
mentioned in at least 10 videos. On the second sample, the
main categories were Safety—vaccines cause diseases (A), severe
collateral effects (D), dangerous ingredients (E)—, Alternative
health—promotion of alternatives (L)—, Conspiracy theories—
vaccines are part of conspiracies (N)—, and Other—defense of
self-direction (O). These M&D examples were also mentioned in
10 or more videos. In total, the main examples of M&D in both
samples were E (appearing in 28 videos), O (25 videos), L (22
videos), A (18 videos), N (17 videos), and D (14 videos).

To characterize how the amount of M&D in a video is related
to its duration and the engagement it received, we defined an
engagement metric, ε, based on the number of views, comments,
likes, and dislikes in the videos containingM&D in both samples:

ε =
Nlikes + Ndislikes + Ncomments

Nviews
∗ 100

We could apply the engagement metric in 43 of the 52 videos,
since the other ones do not make their numbers of likes, dislikes,
or comments available. The largest part of our sample that
contains M&D—38 videos out of 43—has <40 min and 20% of
engagement (Figure 1).

Considering both samples, 32 videos referred to vaccines in
general. Some discuss specific vaccines: 14 of them mentioned
flu vaccines; 12 cited the yellow fever vaccine; seven discussed
the HPV vaccine; two referred to the measles vaccine and
yet meningitis B, varicella, rubella, smallpox, diphtheria, polio,
whooping cough, and tuberculosis vaccines were eachmentioned
in one video. An interesting find is the reference to a cancer
vaccine in four videos of the sample. According to the content
producers, vitamin D and sun exposure would be the “real”
cancer vaccine, a claim that appears in videos that promote
alternative services in regard to vaccination.

We identified 39 brands advertising on at least one M&D
video in our sample through YouTube: 5econds, 7 Springs
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FIGURE 1 | (A) Engagement metrics—views, comments, likes, and dislikes—from videos containing misinformation and disinformation (M&D) in our sample. (B)

Quantity of M&D in each video, according to its duration and engagement. Here we represent only 43 videos, since the other ones do not make their numbers of likes,

dislikes, or comments available. The largest part of our M&D sample—38 videos out of 43—has <40 min and 20% of engagement. Y axes in logarithmic scale.

Colormap: YlOrRd.

TABLE 1 | Verified channels spreading M&D about vaccines and main examples

of M&D.

Channels YouTube category M&D examples

nutrição Alimentos & Cia Education A, D, E, G, H, J, L, M, N, O

Palestrante Tiago Rocha People & Blogs L

U MIÓ QUE TÁ TENO Science & Technology E, H, L, O

Domingo Espetacular Entertainment E, F, J, L, O

Junior Hallak Medicina e Saúde People & Blogs L

Hoje em Dia Entertainment E, F, J, L, O

Criar e Crescer Education G, N

SAÚDE & BEM ESTAR People & Blogs H, L, O

The channels are subscribed to different YouTube categories, indicating that M&D can

appear in several content spaces.

Orthopedics, Adler Pharma, Andreas Grosz, Banza, Baumdick,
Boiron, Bondic, Buscopan (Boehringer Ingelheim), Christen
in Not, Datrium, Digital Dream Lifestyle, DG Achieve, Erie
Metal Roofs, Eucerin (Beiersdorf), Fiat, Happn, Health and
Wellness Tools, Incredible India, Japan Gov, Kia, Leap4Freedom,
Lecturio, Lume Deodorant, Mindvalley, Mobil, OPPO, Patrick
van Diemen, Philips, PragerU, RapidfFN, SDI Broker, SEAT,
Spotify, Ticketmaster, The Online Traveler,Unichamp,Vileda, and
Weiterdenker. Besides YouTube advertisements, the channels
in our sample profit in other ways: they sell courses, books,
alternative treatments, ask for donations through fundraising
platforms or via deposits directly into bank accounts.

Another relevant aspect is the number of verified channels in
the sample. Verified channels are official channels of a creator,
artist, company, or public figure. Channel verification helps
distinguishing official channels from other ones with similar
names (YouTube Help, 2020). Eight channels, from 20 in our
sample, are verified (Table 1): two are associated with broadcast
TV programs, while the other six are self-made amateur videos.

ThemainM&D examples spread by the eight verified channels
are the promotion of alternatives to vaccination (L)—present
in seven channels—, the defense of self-direction (O)—cited in
five channels—, and the allegation of dangerous ingredients in
vaccines (E)—mentioned in four channels. The channels are
also subscribed to different YouTube categories, indicating that
M&D about vaccines can appear in several content spaces; for
example, the eight verified channels have categories ranging from
“Education” to “People & Blogs” (Table 1).

There is a collaboration between channels that promote
alternative health services. From 20 channels spreading M&D
about vaccines, 11 mentioned Lair Ribeiro (Dr. Lair Ribeiro
Oficial), a cardiologist and nutrologist that promotes alternative
therapies, diets, and pseudoscience—homeopathy, detox, law
of attraction, quantum medicine—in his videos and talks. The
collaboration occurs through the reproduction of videos from
“associate” channels or via endorsement of content creators and
their courses (Figure 2). Besides that, the channels promote other
professionals that support alternative therapies or other content
creators that endorse M&D about vaccines.

One strategy used by six channels is to ask testimonials
from the audience, aiming to demonstrate the effectiveness of
alternative therapies or courses they promote. Besides sending
testimonials, the public has access to other services using social
media platforms such as WhatsApp or Telegram. Some channels
send daily “health tips,” offer discounts to products and claim
that the use of these services are necessary to ensure that the
public will receive new contents. Five of 20 channels make these
communication services available, and one channel maintains 10
WhatsApp groups.

We also analyzed the upload date from the videos containing
M&D in our sample to verify if YouTube could be in the process
of removing videos from the sample that could have been recently
uploaded. Twenty three videos were uploaded in 2018; seven
were uploaded in 2017, and six were uploaded in 2019. The
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FIGURE 2 | Collaboration between channels that promote alternative health services and M&D about vaccines. Eleven channels spreading M&D in our sample

endorse Dr. Lair Ribeiro Oficial. There are collaborations from other channels as well; for example, Minha Saúde—Curas Naturais and nutrição Alimentos & Cia

endorse each other.

sample also had videos uploaded in 2016 (two), 2015 (five), 2014
(three), 2011 (two), and 2010 (four). From 23 videos uploaded in
2018, eight still had advertisements associated with it. While we
extracted the data from our sample, the videos uploaded in 2018
accumulated 445,519 views.

4. DISCUSSION

The belief that vaccines contain dangerous ingredients (E), the
“toxin gambit,” persists between the anti-vaccination movements
(Kata, 2012). The videos mention specific ingredients such
as aluminum, mercury, formaldehyde, thimerosal, nagalase,
aborted fetal tissues, poison, toxins, and chemicals. This belief
is associated with two other M&D from the Safety category—
vaccines cause diseases (A) and vaccines cause severe collateral
effects (D). The narrative of unsafe vaccines is strengthened by
the popularity of conspiracy theories (N), sowing doubt about
public health organizations, physicians, scientists, universities,
and mainstream media.

Conspiracy theories are attempts to explain events and
circumstances from secret plots by powerful and malevolent
actors (Douglas et al., 2019). The spread of conspiracy theories
is a matter of concern, since exposition to conspiracy theories
may have negative consequences, such as decreasing science
acceptance (van der Linden, 2015), reduction in intention to
engage in politics (Jolley and Douglas, 2014b) and, in the
specific case of anti-vaccine conspiracy theories, can affect
vaccination intentions (Jolley and Douglas, 2014a) and the
pursuit of alternative vaccination schedules (Callaghan et al.,
2019). The issue of mistrust—of vaccines, vaccination providers,

or policy makers—is considered a driver for vaccine hesitation
(Brown et al., 2018). Thus, the spread of distrust acts as a
strategy to promoters of alternative therapies: in doing so, they
affirm themselves as trusted sources for the audience and create
potential consumers to the courses, books, and therapies they
sell. The association between vaccine opposition and alternative
health services has been made several times before (Ernst, 2001;
Busse et al., 2008; Kata, 2010); for instance, Caulfield et al.
(2017) analyzed 330 naturopath websites to understand the role
of complementary and alternative medicine providers on the
vaccine hesitation, and found that 40 of them presented anti-
vaccination rhetoric, while 26 promoted vaccine alternatives.

The channels offered alternatives for vaccines and for
treatments of health problems in a narrative of return to
nature, as seen before by Kata (2012). Expressions like “God’s
pharmacy” and “disease’s industry” are repeated to denominate
the opposition between the right option—alternative products
and therapies—and the “unnatural,” wrong one—vaccines,
drugs, and mainstream medicine. “Disease’s industry” is a
reference to one of the most reiterated arguments of anti-
vaccination conspiracy theories, where governments, scientists
and physicians would be involved in a conspiracy with
pharmaceutical companies to cause suffering and to profit (Jolley
and Douglas, 2014a). Therefore, the advocates for alternative
health services present themselves simultaneously as brave
antagonists and victims persecuted for their resistance to a
“corrupt system” (Lewandowsky and Cook, 2020).

A common strategy used by the channels is the production
of free materials such as recorded talks, courses and e-books.
The offering of free content helps to reinforce the idea of a
selfless mission where the creators have no financial interests
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and is also a tactic to attract and retain an audience for the
channels. Two of the content creators, Ribeiro and Bussade—
an orthomolecular physician and nutrologist that promotes
the chemical compound known as Miracle Mineral Solution
and vitamins as treatments for autism—affirm that they do
not practice medicine, but continue their studies and produce
content because they are motivated by the mission of helping
people to find good recommendations of natural health and cures
for their sufferings. This mission is reinforced by their claims of
persecution, an argument present in vaccination opposed spaces
(Avaaz and SBIm, 2019; Smith and Graham, 2019; Koltai, 2020).
Ribeiro, for example, criticizes the unpreparedness of traditional
physicians and accuses the pharmaceutical industry. Kata (2012)
describes this trope as the “Galileo gambit,” an argument that
invokes the attacks from the scientific orthodoxy of the past
against scientists such as Galileo Galilei—the claim is that the
currently persecuted ideas will eventually be accepted as truth.

The alleged persecution cited by the content creators in
our sample is also associated with the recent changes in
social media policies to contain the spread of M&D. The
content creators adopt workarounds to the moderation practices,
as seen on anti-vaccine communities on Facebook (Koltai,
2020), for instance. One of the workarounds of the alternative
health channels is using other social media platforms, such
as Telegram or WhatsApp, to ensure the content circulation
and the perception of community in and out of YouTube.
WhatsApp is one of the most popular information resources for
Brazilians (Deloitte, 2019), and it has favored the spread of health
and political misinformation in the last years (Smallman, 2018;
Evangelista and Bruno, 2019; Resende et al., 2019). In addition
to enabling constant interactions with community members,
these WhatsApp and Telegram groups encourage the sharing of
audience testimonials, which are used in new videos aiming to
demonstrate the effectiveness of alternative therapies and courses
promoted by the channels. Testimonials or anecdotes are also an
important tactic used by anti-vaccination communities (Davies
et al., 2002; Zimmerman et al., 2005; Kata, 2010; Shelby and Ernst,
2013; Ward et al., 2015; Duchsherer et al., 2020; Rallo Shimizu,
2020), possibly impacting the perception of risk about vaccines
(Betsch et al., 2011). Apart from the sample’s six channels asking
for testimonials from the audience, another one used a dramatic
testimonial of a young girl to alarm the viewers against the
HPV vaccine.

According to the vaccine opposed conspiracy narrative,
people need to exercise their self-direction—as in freedom of
choice and independent research—to protect themselves and
their families from malevolent and powerful actors. Freedom,
choice and individuality are values associated with anti-
vaccination beliefs (Moran et al., 2016). The emphasis on
freedom of choice is a strategy used by vaccine opponents
to rebrand the anti-vaccination movement and to avoid being
censored by platforms (Koltai, 2020). The need for independent
research about vaccines—as in research for yourself; the ability
to do research for oneself and to ask questions is cited as a
condition to freedom (Koltai, 2020)—is a recurrent argument
among vaccine opposed actors to advocate for more informed
choices (Hoffman et al., 2019; Duchsherer et al., 2020). However,

the correct way to conduct independent research is already set by
the alternative health community narratives—since they are part
of a conspiracy plan, mainstream media, traditional physicians,
and public health organizations cannot be trusted. Meanwhile,
the constant collaboration between channels that promote
alternative health services affirm content creators as reliable
sources for their viewers, strengthening a sense of community
and belonging (Koltai, 2020; Rallo Shimizu, 2020) that favors the
creation of a loyal audience. Duchsherer et al. (2020) analyzed
parent testimonials from the anti-vaccination documentary
Vaxxed and found an association between community building
and the division of people and institutions in two groups:
trustworthy—community members such as parents who do
not vaccinate, like-minded online groups, and alternative
medical professionals—and adversaries—governmental agencies
and health providers that endorse vaccination protocols.

The collaboration into the vaccine M&D network resembles
the behavior of the Alternative Influence Network (AIN), as
described by Lewis (2018). The AIN is a content creators network
on YouTube that is driven by a “set of shared ideas about
progressive politics and social justice” and that uses, among other
things, referrals, and guest appearances of different creators in
videos as an strategy to build an audience (Lewis, 2018). Beyond
that, the AIN spreads distrust about the mainstream media to
present itself as an “alternative” media system, claims an alleged
persecution because of their beliefs, encourages the audience to
do “their own research,” and uses different strategies to monetize
content. According to Tripodi (2018), besides enabling the reach
of new and larger audiences, the network strategy helps to
reaffirm the same narratives and positions between channels.

An important aspect of the spreading dynamics of M&D
about vaccines is the adoption of different strategies to profit.
Although researchers already identified advertisements running
on climate misinformation videos (Allgaier, 2019; Avaaz, 2020)
and on videos disseminating M&D about vaccines (Avaaz and
SBIm, 2019), and despite YouTube’s statements about measures
to fight harmful misinformation on the platform (O’Donovan,
2019), we found that monetization of these kind of content still
persists. We identified 39 brands advertising on 13 videos of our
M&D sample. Besides global brands such as Mobil, Kia, Fiat,
Philips, Spotify, Eucerin (Beiersdorf), and Buscopan (Boehringer
Ingelheim), we found advertisements from the governments of
India and Japan.We also highlight the presence of advertisements
from companies of alternative health and wellness products—
Boiron, Lume Deodorant,Adler Pharma, andHealth andWellness
Tools. It is possible that the brands could be unaware that they
are helping to fund channels that spread M&D about vaccines,
although alternative health advertisers are potentially reaching
the audience they want to reach.

Although the YouTube Partner Program is an important
source of income, it is not the only funding option for
content creators (Alexander, 2019). They maintain profiles on
fundraising platforms or sell merchandise as well, and selling
products and courses is a regular activity, particularly between
alternative health channels (Avaaz and SBIm, 2019). For example,
the host of the channel nutrição Alimentos & Cia encourages
the audience to buy alternative health courses in a large number
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of their videos. To validate these courses, he stresses the
adoption of alternative health practices by the Brazilian Unified
Health System.

Despite YouTube’s statements on their fight against
misinformation, M&D about vaccines continue to be
disseminated in videos in Portuguese, reaching a large
audience. Even when channels are identified as creators
of harmful misinformation, their videos continue to be
available to the public and can be disseminated in other
platforms, such as WhatsApp, as we found out in this
research. For example, five channels from our sample—
nutrição Alimentos & Cia, O Melhor Para Você, U MIÓ QUE
TÁ TENO, Dr. Lair Ribeiro Oficial, and Ana Paula Palagar
—were already identified by Avaaz and SBIm (2019) and all
of them are part of the collaboration’s network described in
this study (Figure 2). We found that M&D about vaccines are
associated with alternative health channels that spread distrust
about traditional institutions—public health organizations,
physicians, scientists, universities, and mainstream media—
to promote and profit with alternative health services.
YouTube must adopt transparent approaches to counter
M&D and ensure that content creators follow the user
policies. The platform also needs to guarantee that M&D
will not be financially stimulated through the YouTube
Partner Program.

Special attention should be given for languages other than
English, since YouTube’s current policies to fight harmful content
do not seem to be applied to these languages. For that, YouTube
needs to have a qualified team of human content moderators
for different countries and languages. Our research suggests that
their automated filters are not capable of identifying certain
types of harmful content in Portuguese. Kata (2012), Koltai
(2020), and Szeto et al. (2020), for instance, identified content
creators that spread misinformation using strategies such as the
replacement of “problematic terms,” to prevent the platforms
to recognize content that does not follow the platform policy,
an extra challenge for automatic systems. In addition to the
urgence to ensure that videos with M&D do not be incentivized
and rewarded, advertisers need to track the content that their
publicity revenue is funding and need to ask for effective
mechanisms to exclude their ads from harmful content. Other
specific responses are frequently suggested (e.g., Caplan et al.,

2018; Ghosh and Scott, 2018; Lewis, 2018; Nadler et al., 2018;
Mozilla, 2019; Avaaz, 2020), and should be considered by
YouTube, since the collaboration with researchers could lead to
better policies and mechanisms that ensure that effective policies
are implemented and respected.
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This paper investigates the profiles, challenges, and motivations of science

communicators of the ScienceVlogs Brasil project—a Brazilian alliance of YouTube

channels that disseminate science information on YouTube. It also looks into their

prospects of professionalization in science communication and their strategies to

improve their skills, increase public reach, and have financial support. Results show that

the typical science YouTuber is a highly educated young male who works primarily in the

education field, wishes to improve science understanding and fight misinformation, and

is challenged by YouTube’s highly competitive environment and restrictive algorithms.

Science YouTubers also strive to improve their skills and techniques to produce

high-quality, professional-like videos to become visible on the platform.

Keywords: science videos, online platforms, social media, youtube, online video

INTRODUCTION

Throughout time, various media formats have been used to inform (and sometimes misinform)
the public about science on the internet (Davies and Hara, 2017). Both online adaptations of
conventional formats, such as broadcasting and print media, and internet-specific media, as
information portals, news feeds, video and audio clips, and blogs, among others, have been pointed
out as important tools for communicating science in the internet (Minol et al., 2007).More recently,
social media websites such as Facebook (Zielinska, 2017), Reddit (Jones et al., 2019), and Twitter
(López-Goñi and Sánchez-Angulo, 2017) have also been recognized as science communication loci,
not least because of the increasing number of internet users that are informed about science through
social media in countries such as the USA1 and Brazil (CGEE, 2019). Correspondingly, sociological
studies exploring the range of online-active science communicators have included more and more
actors. If in earlier times the online communicative activities of scientists, postgraduates and science
journalists were the main focus (Bonetta, 2007), today the literature started to contemplate new
actors and organizations, such as online citizen science hubs and amateur communicators active in
blogs and on social media (Acatech, 2017; Riedlinger et al., 2019).

One of the new platforms to gain prominence among the new media is YouTube. Founded
in 2005 as a video repository website with social media features (Vonderau, 2016), it later
became one of the most-accessed video-sharing platforms worldwide, with currently two billion
monthly logged-in users and nearly 500 hours of uploaded video every minute2. Public science
communication has been taking place for years on YouTube in the form of science TV shows
and documentaries, content posted by university and research center channels, and videos by
independent science YouTubers, among others. However, research on it is still in its early

1Available online at: https://www.pewresearch.org/science/2018/03/21/the-science-people-see-on-social-media/ (accessed
26 October, 2020).
2Available online at: https://blog.hootsuite.com/youtube-stats-marketers/ (accessed 30 June, 2020).
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stages (Allgaier, 2020). The existing literature has addressed a
broad range of issues, such as the development of a typology of
popular web science videos (Morcillo et al., 2016; García-Avilés
and de Lara, 2018), types of (mis)information found resulting
from queries of scientific terms (Allgaier, 2019), the framing of
controversial scientific issues (Erviti et al., 2018), and the role of
entertainment in science videos (Bourk et al., 2018). In short,
some aspects of the production, consumption, of the videos
and of the platform itself have been tackled; however, to the
best of our knowledge, there has been so far no sociological
qualitative study focused on independent science communicators
on YouTube.

In this study, we fill this gap in the literature by doing an
exploratory qualitative study around a community of Brazilian
science communicators on YouTube, or science YouTubers. We
use the term “YouTuber” as the synonym of a communicator who
constantly produces and uploads videos to YouTube. YouTube
is a massive platform in Brazil, which lands in fourth place
in the ranking of YouTube views by country and as the third
country with the most subscribers3. We conducted a survey
with 26 members of the ScienceVlogs Brasil project—an alliance
of Brazilian independent science YouTubers and a badge of
scientific content—to gain insights into their personal profiles,
motivations, and challenges in communicating science on the
platform. Through the survey, we also explored their previous
experiences in communicating science and their professional
goals in the area. Additionally, we interviewed the coordinator
and former director of the ScienceVlogs Brasil project to better
understand how the project arose, how it currently functions,
and what constitutes the scientific quality badge maintained
by it. As the ScienceVlogs Brasil project is closely connected
to the ScienceBlogs Brasil network in many aspects, we at
various points draw comparisons between science bloggers and
webvideo producers. We consider this a good analytical tool
to better understand the emergence of science communicators
on YouTube.

We start this article by offering a brief literature review
on the sociology of online science communication, focusing
on the ongoing transition of readership from science blogs
to social networks. We then proceed to analyse some of the
changes that YouTube as a platform has undergone over the
years, which resulted in a more competitive environment and
an impulse to the professionalization of content production,
among other outcomes. Details on the research methodology,
timing, and instruments used are offered in “Research Design
and Methods.” In the “Findings” section, we start by describing
the history and functioning of the ScienceVlogs Brasil project in
the homonymous section. We then proceed for the other results
in sections “a. Profile of science YouTubers,” “b. Motivations to
communicate science,” “c. Challenges in communicating science
on YouTube,” “d. Financial support,” and “e. Professionalization
of Science YouTubers.” The “Discussion” section follows with
some important considerations and confrontations of the
findings with relevant literature. The “Conclusion” section
completes the paper. A translated copy of the survey sent to the

3Available online at: https://medium.com/@ChannelMeter/youtubes-top-
countries-47b0d26dded (accessed 30 June, 2020).

YouTubers and the script of the main topics discussed in the
interviews can be accessed as Supplementary Materials.

A SHIFT ON THE ONLINE SCIENCE

COMMUNICATION LANDSCAPE

A great part of the literature on the sociology of public science
communication seems to be concentrated around science blogs.
An example of this focus is the recent attempt to build a
sociological framework to research science blogging by Jarreau
(2015), who declared them a “critical point of departure for
a modern study of science media production” (Jarreau, 2015,
p.15). Science blogs, aside from being used for scholarly
communication among peers (Bonetta, 2007), have also been
used as a way to reach out to lay audiences (Bonetta, 2007;
Shanahan, 2011; Masters, 2013; Mahrt and Puschmann, 2014).
Independent science bloggers following this purpose include
scientists, science journalists, graduate students, and hobbyists
(Bik and Goldstein, 2013; Mahrt and Puschmann, 2014). Science
authors who communicate to the larger public often do so “to
increase awareness about science and/ or to facilitate discussion
and decision-making on issues of importance to society” (Kyvik,
2005, p. 289), and thus, to promote a democratization of science
(Wilkins, 2008). However, some authors argue that the aim of
popularizing science tends to be short-lived due to the context-
specific information and specialized language commonly used
in science blogs, which tends to leave lay people out of the
conversation (Kouper, 2010).

As a medium for public science communication, science
blogs have different advantages and pitfalls. Bik and Goldstein’s
(2013) list of pros and cons of online tools for communicating
science include blogs’ post longevity and the reliability of the
platform for building an online reputation as pros, while the cons
include a considerable time investment and the need to advertise
the posts in other platforms. Blogs are also seen as attractive
due to the editorial freedom that they enable to the author,
and also the possibility of conversations through comments
(Blanchard, 2011). Lack of revenue derived from blogging
and the undervaluation of the activity by many colleagues in
academia, who often see this as waste of time, are seen as
challenges (Brown and Woolston, 2018).

Presently, there is a good amount of evidence indicating the
decline of the consumption and production of science blogs.
Fausto et al. (2012) noticed a decrease both in science blog
views of the Research Blogging website (a multi-language science
blog indexer) and in the number of blog posts, starting in 2010.
It has also been shown, in a study with 106 Brazilian science
blogs, that the number of active blogs has fallen to 50% from
2013 to 20164. In 2013, authors of the Brazilian branch of the
ScienceBlogs network observed a decrease in the general number
of views of the blogs (Rodrigues, 2015). This phenomenon has
also been observed worldwide, in international aggregators such
as the Science Seeker5. In contrast, the number of users on social

4Available online at: https://minasfazciencia.com.br/2016/07/06/juliana-botelho/
(accessed 22 October 2020).
5Available online at: http://www.scienceseeker.org/2017/05/on-evolution-of-
science-blogosphere.html (accessed 17 October, 2019).
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media websites has increased enormously in the last years—their
current penetration is 46% (3.534 billion), with nearly all of them
being mobile users6. Worldwide, people have spent on average
2 h and 23min per day on any social media in 20197. In Brazil,
this number goes up to a little more than 3 h of social network
usage per day8, which makes Brazilians one of the most socially
connected populations of the planet.

This trend comes accompanied by a rising amount of video
content uploaded to the internet. Mobile video views have grown
from ∼5min per day in 2012 to more than 30min in 2018 for
the average global user9. YouTube, in this context, has grown
to become the second-largest website in the number of access
worldwide10. Brazil is currently YouTube’s sixth biggest market:
as of 2017, 63% of the Brazilian population has visited the
platform, and 44% watched at least one video on YouTube
a day11. According to a recent survey, Youtube is the third
source of information for Brazilians (49%), after TV (50%) and
Whatsapp (79%) (Câmara, 2019). When it comes to information
about science and technology though, the internet has surpassed
TV and all other media, and Youtube is the third most relevant
media in Brazil, after Facebook and search engines (CGEE, 2019).

Taken together, these data may suggest that part of the
authors and readership of science blogs have migrated to other
media and platforms, being YouTube one of the possibilities.
Regarding the authors, while there is some evidence that in the
international arena (and especially in the USA) many science
bloggers now have writing careers, are clustered in official
blogging networks or have expanded to podcasting, youtubing
and book-writing (Brookshire, 2016). In Brazil, the whereabouts
of former science bloggers are still unclear. Considering that
one of the founders of the Brazilian ScienceBlogs was part of
the creation of the ScienceVlogs Brasil, this paper may partially
answer this question.

THE PLATFORM YOUTUBE AND THE

“NEW” YOUTUBERS

YouTube, as a platform, can be described as a socio-technical
digital structure specialized in extracting, processing, and
marketing the data of its users (Srnicek, 2017). Langley and
Leyshon (2017) argue that platforms function as intermediaries
between customers who make up distinct markets; their task,
in this context, is to coordinate these markets and capture
data produced by the customers’ interactions. As an advertising
platform—that is, a platform that markets data of users to

6Available online at: https://ourworldindata.org/rise-of-social-media (accessed 18
December, 2019).
7Available online at: https://www.socialmediatoday.com/news/how-much-time-
do-people-spend-on-social-media-in-2019-infographic/560270/ (accessed 21
March, 2020).
8Available online at: https://wearesocial.com/global-digital-report-2019 (accessed
20 September, 2019).
9Available online at: https://www.bondcap.com/report/itr19/ (accessed 21 March,
2020).
10Available online at: https://www.alexa.com/topsites (accessed 20 March, 2020).
11Available online at: https://www.thinkwithgoogle.com/intl/pt-br/
youtubeinsights/2017/introducao/ (accessed 3 August, 2020).

advertisers (Srnicek, 2017)—YouTube negotiates the interests of
users (those who consume and/ or post content), who are on the
platform for reasons that go from sheer entertainment12 to the
pursuit of fame (Stokel-Walker, 2019); the interests of advertisers,
who wish their ads to reach certain target audiences; and the
interest of the platform itself and its investors, which seek to
maximize profits. The results of this intermediation of interests
performed by the platform include an increasingly verticalized
relationship among users, an overload of content on the platform,
and a push for the professionalization of amateur content (van
Dijck, 2013). We argue that this shift on the ethos of the platform
and its creators has an important impact on the motivations and
challenges of science communicators on YouTube.

Since its foundation, in 2005, YouTube has encouraged user-
generated video content as a way to attract and secure a large
audience, and to catch the attention of professional media
companies (Vonderau, 2016). As a result, YouTube promoted
a strong participatory culture since its early years, powered by
its social networking features and community-inducing interface
features (van Dijck, 2013). In 2006, Google bought YouTube,
started to settle court cases regarding intellectual property and
copyright laws, and paved the way for the platform to receive
increasingly more content from the broadcast industry (van
Dijck, 2013). This brought about some tension between the
“grassroots” native community of amateur YouTubers, who
wished to keep the platform as a creative powerhouse for
amateurs, and the new channels of TV personalities. To appease
the users, YouTube expanded an existing program and launched
the YouTube Partner Program (YPP), which allows users to
monetize their videos on the platform with Google’s AdSense
when their channels and videos follow the platform’s guidelines
and some other criteria.

In the following years, as the number of users mushroomed
and the number of “passive viewers” supplanted the number
of users with at least one video posting (Cheng et al., 2008),
various social media features were eliminated from the website,
and the successive layout revamps were increasingly built around
a producer/consumer or star/fans logic (van Dijck, 2013). The
progressive institutionalization of the platform (Kim, 2012)
ultimately resulted in a new ethos for the typical content
creator: the professional YouTuber, capable of producing easily
findable and interesting quality content. With an ever-increasing
amount of videos uploaded to the platform, content creators
who wish to be watched constantly feel the need to know
more about the functioning of the algorithms (Pedersen, 2019),
about how to reach and hold an audience, and other ways
to gain visibility (Holmbom, 2015). The push for high-quality
standards has been given by YouTube itself through its YouTube
Creator Academy website and the YouTube Creators channel
and blog, which contain courses and tips for content creators
to grow their channels with quality content. At the same time,
creators must be careful with the choice of words and themes
in the video, since some of YouTube’s algorithms have up until

12Available online at: https://www.thinkwithgoogle.com/advertising-channels/
video/youtube-viewing-watch-preferences/ (accessed 2 August, 2020).
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recently demonetized videos that did not disregard the platform
guidelines, but only touched on polemic topics13.

To this day, very little is known about how science YouTubers
manage to navigate this intricate environment and reach
their goals. How do independent science YouTubers perceive
YouTube? What are their main challenges in making their
channel reach more people, and how do they fund themselves?
What strategies do they use to overcome such difficulties?
Motivated by these and other questions, we designed and carried
out this research.

RESEARCH DESIGN AND METHODS

In order to obtain information about the emergence and current
functioning of the ScienceVlogs Brasil project on YouTube,
we conducted and recorded two interviews with the project
founders. The first interview took place in November of
2017 with R.B., prior coordinator of the project. The second
interview happened in January of 2019, with both R.B. and
V.P., the project director. The interviews were semi-structured
and approved by the Unicamp Ethics Committee (process
number 1686032). The recordings in Portuguese are available
to the public through the link https://drive.google.com/open?id=
1h0ymVRckwx5d_WBnyrARh0NTWUBNNbTF. The sources of
information (either one of the founders) will be indicated by the
initials of each subject and the year of the interview to preserve
their identities.

We also elaborated a survey aimed at the YouTubers using the
GoogleForms service, tested it with four graduate students, and
modified it for understanding enhancement. The questionnaire
was sent in October of 2018 to R.B., the project coordinator,
who moderated the invitation with project members. The survey
contained various open and closed-ended questions and a
completing answering time of about 12–15min. It was divided
in four sections: (a) sociodemographic data; (b) relationship of
each YouTuber with science communication; (c) the YouTuber’s
relationship with YouTube as a website and a platform; (d) and,
strategies for communicating science on YouTube.

By the end of November of 2018, the link for the online
questionnaire was deactivated and the answers were analyzed.
We recommended that only one channel host answered the
questionnaire, regardless of how many hosts the channel could
have. We obtained 26 answers from 25 channels, from a total
of 36 active channels that composed the project at that time.
That means we obtained two different answers from one channel.
We decided to keep both of them because they came from two
YouTubers who previously had two different channels, but then
had recently decided to merge and present the same channel.
We reckoned that they had mostly different experiences as
science YouTubers, and therefore both views could add valuable
information to the results. The English version of the survey is
available in the Supplementary Materials.

13Available online at: https://www.polygon.com/2018/5/10/17268102/youtube-
demonetization-pewdiepie-logan-paul-casey-neistat-philip-defranco (accessed 3
August, 2020).

The method used to analyze open-ended questions was
content analysis, as defined by Bardin (1977). In the first step,
the pre-analysis, all the answers were carefully read, in order
to exclude any unfitting responses. During the second step,
some thematic categories were identified, and the record units
were defined as entire responses or fragments of responses that
belonged to one of the categories. In the third step, record units
were grouped together and counted according to the categories,
some of which were merged together when adequate; and in the
last step, interpretation of the categories and answers took place.
This process was performed for three questions: two of them
about the motivation of the YouTubers to communicate science,
and one about the difficulties of doing science communication
on YouTube. There were other open-ended questions asked, but
their answers are mostly off-topic for this article and will be
analyzed in future works.

FINDINGS

The ScienceVlogs Brasil Project
The project was created by R.B. and V.P., both of them biologists
and former science bloggers. They reported noticing a sharp
decrease in the number of science blog readers since 2013, while,
at the same time, many Brazilian YouTube science channels were
gaining ever-growing audiences. This motivated them to start a
channel network on YouTube, loosely based on the ScienceBlogs
Brasil network, a model already familiar to them since R.B had
been coordinator of the network in the past. In 2015, the founders
started inviting science Youtubers, and inMarch 2016 the project
was officially launched, with 18 channels14.

According to one a blog post written by a member of
the project15, the goals of the ScienceVlogs Brasil project are
concentrated on fighting scientific misinformation on YouTube
through the creation of a “quality badge” that enables the lay
public to identify scientifically accurate information. This badge
(Figure 1) was designed as a graphic symbol that all channels
belonging to the project and videos about sciencemade by project
members should exhibit, but in practice it is used almost only in
the official channel of the project.

Still according to Ayrolla, other objectives of the project
are leveraging the reach of each channel individually through
strategies such as cross referencing (hosts talking about each
other’s channels in the videos) and invigorating the presence
of science in the platform, through the popularization of the
ScienceVlogs Brasil brand. Up to the date of publication of this
article, the project did not have an official webpage or blog, but
it owns an account both on Facebook and Twitter, and an official
channel on YouTube.

As we gathered the data, in October and November of
2018, ScienceVlogs Brasil comprised 39 YouTube channels, with
diverse themes and styles. Many channels are thematic and

14All the information regarding the story and functioning of the SVBr project
stems from the interview with R.B. the former director of the project, and with
V.P., the project coordinator. For more information on the interview, refer to the
Supplemental Materials.
15Available online at: http://scienceblogs.com.br/sciencevlogs/ (accessed 15
November, 2019).
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focused on the communication of Biology, Astronomy, Physics,
Robotics, Mathematics, Geography, and Archeology. Most of
them tend to approach more than one single theme, with
some of them bridging great areas of science. For example,
the host of channel “Alimente o Cérebro” (Feed your Brain)
speaks about philosophical concepts and also presents the
latest research about Astronomy. The target audiences vary
significantly in terms of age. Some channels produce content
clearly directed at children (“Quer que desenhe?”—Would you
like me to draw it?), while others aim at the adult public (“Boteco
Behaviorista”—Behaviorist Pub—and “Universo Racionalista”—
Racionalist Universe). Most of them seem to target a young adult
public, based on their editing style and approach to themes (the
links to all channels are listed in the Supplemental Materials.
It is important to mention that science YouTubers often use
their channels to express thoughts about politics, music and
culture, or to talk about their hobbies and personal life, with

FIGURE 1 | ScienceVlogs Brasil badge.

very few exceptions. That means that there is a spectrum from
channels that touch exclusively on their scientific theme of
interest (such as “Space Today,” a channel about Astronomy
and space exploration) and channels that (more often than not)
tackle non-scientific themes (e.g., channel “Xadrez Verbal”—
Verbal Chess). The exact content makeup of each channel is
determined by its presenter, without editing interference of the
project direction. Admissions of new content creators to the
group occur on occasion, in rounds that involve a five-step
process including evaluations of videos of the new channel, the
posture of the presenter and a general voting by all members.

Profile of Science YouTubers
We inquired about the Youtubers’ gender, age, education (area
and level), current occupation and area of residence, and we
obtained 26 answers. Most of the science Youtubers are men
(76.9%, 20 people). Figure 2 shows that 73.1% (19 people) are
young, between 18 and 35 years old, while 26.9% (7 people) are
above this range.

Figure 3 shows that 50% of the sample are either doing
graduation or are already graduated, while 50% are currently
doing or have completed a postgraduate course. Figure 4 shows
that 46.5% (12 people) have studied Exact (or Physical) and
Earth Sciences at some level of their academic career, followed
by 42.0% (11 people) who studied Life Sciences and 26.9% (seven
people) who studied a course in Humanities. Other fields were
less representative, and had one indication each.

As seen in Figure 5, 23.1% (six people) work as school
teachers; 23.1% work as university professors; 19.2% (five people)

FIGURE 2 | Ages of science Youtubers.
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FIGURE 3 | Education attainments of science Youtubers.

FIGURE 4 | Areas of education and expertise of science Youtubers.

work in Communications (journalists, people employees
of publishers, TV or radio), 19.3% are self-employed
(entrepreneurs); 7.3% work in the IT sector and the four

remaining did not specify. At least half of the YouTubers have
more than one occupation. The most common scenario is
working as a teacher and having another occupation, such as

Frontiers in Communication | www.frontiersin.org 6 November 2020 | Volume 5 | Article 54293682

https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


Velho and Barata Challenges, Motivations of Science Communicators

FIGURE 5 | Occupations of science Youtubers.

FIGURE 6 | SC activities prior and concurrent with the YouTube channel.
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graduate or undergraduate student (four people), entrepreneur
(two people), and media professional (one person).

Participants were then asked about their activities as science
communicators before and after they created their YouTube
channel. Prior to their channel on YouTube, most YouTubers
were active either in social networks (nine people) and/ or in
blogs and websites (eight people). “Talks and workshops” was the
third most marked option (five people). There was a notoriously
small number of people participating in podcasts and in the
organization of SC events. Participants could mark as many
options as they saw fit.

Their current activities as science Youtubers cover a broader
range. In Figure 6, it is shown that most of them use social
networks (22 people, 84.61%), and a significant amount (10
people, 38.46%) still blog. Social networks, this time, are a
clear preference, also because they are frequently used for
advertisement of the YouTube channels, as we discuss later on.
Talks and workshops were again a popular option (15 people,
57.69%). New options appeared this time, such as participation
in TV and radio (three people, 11.53%) and work in NGOs (one
person, 3.84%); besides, more communicators now participate in
podcasts. On the other hand, no Youtubers reportedly work in
museums and science centers.

Respondents were asked how many years they had
participated in science communication activities before starting
their YouTube channel, and the nature of such activities. Of the
18 people who were active before the YouTube channels, half
of them (nine people, 34.61% of the whole sample) had been
doing SC for some time between 1 and 3 years, and seven people
(26.92% of entire sample) had been active for 5 years or more. No
one had been active for 1 year or less before starting SC activities,
which indicates a presence of a considerable level of experience
in science communication among them.

Motivations to Communicate Science
As shown in Table 1, the topmotivation to communicate science,
far above the rest, is the perceived need of the population to
be “educated” about scientific issues. Some YouTubers expressed
the “citizenship effect” that comes from popularizing science,
as F.H. when he stated that “a society that is scientifically
literate becomes more efficient in decision-making and critical
reasoning, and also in the oversight of our political leaders.”
E.S., for example, stated that the aim of his channel is “to make
people understand the importance of science, and to make them
start to think by themselves, and not being easily manipulated.”
Others highlighted the personal joy in sharing knowledge, such
as P.P.: “The pleasure of educating and sharing knowledge still
is the biggest reason why I communicate science” and V.A.: “My
motivation is to keep studying and sharing my knowledge with a
bigger community.”

Challenges in Communicating Science on

YouTube
The high competition for attention in a platform full of
“clutter” (A.A.) makes it harder for the science YouTubers to
“remain relevant and searchable among so many other types of
entertainment” (J.J.). It is also hard for them to “bust the filter

TABLE 1 | Motivations to communicate science on YouTube.

Categories Number of

record units

Examples of units

Knowledge

dissemination/

contributing

popular

understanding of

science

12 “As the time passed, I realized the need to

expose basic science concepts to a broader

public. So that the population can improve its

citizen action in a society guided by scientific

advances” (R.B.)

“Today, I understand it [science popularization]

as a matter of urgency. We need to educate

the population, before they begin to

‘un-educate’ us” (C.S.)

“The perception that society needs scientific

education is the biggest motivational factor”

(A. A.)

Pointing out

and/ or

correcting false

information

5 “… to be an alternative to the fake news age”

(L. C.)

“To fight pseudoscience and other types of

quackery that often appear on YouTube” (V. A.)

Bringing the lay

public closer to

the academia

4 “As someone from the academia, I perceive a

failure in communicating with the population,

in showing why investing in science is

important to society, and in showing that

theise investments tend to bring many

benefits to the population, which ends up not

knowing where they came from” (T. B.)

Boosting

passion/ interest

for science

3 “The idea is to take Math to places where it

does not dwell, and let people fall in love with

it” (J. J.)

Producing novel

and exciting

science content

2 “[The main reason was] realizing that there

were no brazilian content with the same

dynamics (in relation to the way how it is

framed, developed, recorded and edited)”

(L.M.)

Financial

motivation

1 “Today, there is also a financial motivation”

(R.R)

Opportunity to

meet interesting

people

1 “Another motivating aspect is the amount of

doors that are opened and interesting people

you get to know along the way [while doing

science popularization]”(L.M.)

bubble” (P.N.) and reach new audiences. The lack of revenue for
their work in producing videos, in its turn, impairs their ability
to dedicate more time to the process of video production, which
can be seen in Table 2.

Strategies for Communicating Science on

YouTube
We asked in the survey, using closed-ended questions, how often
they perform some actions to increase their reach in the platform
and how often they consult some sources to learn more about
how the platform operates. The answers are shown in Table 3.

We also found that 19 people (73.03%) have already
participated on-site courses given at the YouTube Space16 in
Brazil, and that at least 19 people (not exactly the same
ones) participated in at least one competition promoted by

16YouTube Space is a physical location made available by YouTube to content
creators, where they can shoot for their channels and take courses and workshops
on content creation free of charge, among other activities.
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YouTube, such as the YouTube NextUp. The strong engagement
of the YouTubers with some types of learning initiatives (on-
site courses and the consumption of content on how to

TABLE 2 | Challenges in communicating science on YouTube.

Categories Number of

record units

Examples of units

Effects of

competing

against “bad

content” for

attention

10 “The excess of content [and] of distraction,

that always diverts [the audience’s] focus”

(A.A.)

“Competition for audience” (F.H.)

“[The biggest difficulty is] Having to compete

with clickbaits and hoaxes in the platform, that

because of their appealing (but fake) titles

related to my research field, end up receiving

more attention” (M.J.)

Algorithm-

caused audience

restrictions

7 “The algorithm’s delivery [of views] is always

uncertain and changes a lot” (R.B.)

“Trying to make the message burst the

algorithm bubble that contains those who are

already interested [in science]” (P.N.)

Low financial

compensation

3 “The financial question” (D.S.)

“The production costs are high when the video

topic needs to be deepened” (G.L.)

Difficulties to find

adequate video

format

3 “Finding formats able to attract attention and

foster communities” (D.C.)

“Making the content more entertaining” (L.M.)

Difficulties to

keep high

productivity and

video quality

3 “The need for high quality videos and high

frequency, which is hard to accommodate with

my graduation course and internship” (V.M.)

“[…] meeting the demand of videos that

YouTube’s algorithm suggests for a quick

growth, while needing to “polish” a scientific

content, is a very labor-intensive task” (E.S.)

Effects of the

presenter’s

exposure

2 “Besides that [hardship to produce

high-quality material very often], getting

involved in [social] networks is synonym of a

lot of exposition. Not everyone has the energy

to stand all the frenesi of social media

knocking daily in their doors” (E. S.)

produce better content and reach more audiences) indicates
a high commitment with their activities on YouTube, and
hints at the formalization of this commitment in the form of
professionalization (an issue that we explore further on).

Financial Support
When asked about the types of financial support they had to
produce videos on YouTube, and informed that they could mark
as many options as needed, participants answered the following
(Figure 7):

Crowdfunding, marked by 19 people (73.1%), and the revenue
from video ads, marked by 17 (65.4%), surpassed the other
option by a large margin. Still, a relevant number of participants
resort to sponsored content (six people, 23%), advertising often
for science-themed products such as t-shirts; and to their own
merchandising (six people). Some participants (four people,
15.38%) are also supported by direct personal donations. The
ScienceVlogs Brasil project itself does not receive funding of any
kind; only the individual members through their own initiative.

Professionalization of Science YouTubers
In the survey, we asked “would you consider becoming a
professional in the area of science communication?”We specified
that being a “professional” meant spending most of one’s active
time doing SC, and also drawing most of one’s revenue from it.
Eighty percent (21 people, 80.76%) confirmed that they would
consider a career in the area of science communication. Two
of those who responded positively already consider themselves
professionals (one of them is the project coordinator, and the
other lives mostly with the ad revenue from his channel). The
three YouTubers who responded “no” (11.5% of the sample) are
university professors, who would rather stick to their careers
in academia. Then we asked where they would like to operate
as SC professionals if they could choose freely, and also where
they think they would have a real chance to be professional in
the actual scenario. The answers are shown in Figure 8. The
majority chose digital media both at in the actual and free-
choice scenarios, followed by the press, cable TV and open TV
on the actual scenario, showing they are happy with where they
are working, except for science museum or science centers that

TABLE 3 | Strategies and sources of knowledge used by science communicators to comprehend and navigate YouTube.

Action Always Often Seldom Never

Advertised videos/ YouTube channel on social media 19 people (73%) 4 people (15.38%) 2 people (7.69%) 1 person (3.84%)

Check the YouTube Analytics tool to gather information about

audience

8 people (30.76%) 10 people (38.46%) 7 people (26.92%) 1 person (3.84%)

Use the information gathered on YouTube analytics to guide

decisions on content and video format

3 people (12%)* 10 people (38.46%)* 5 pessoas (20%)* 7 people (28%)*

Took courses offered by the YouTube Creators Academy website – 1 person (3.84%) 8 people (30.76%) 17 people (65.38%)

Uses tips and tutorials from the YouTube Creators Academy

channel on YouTube on

– 1 person (3.84%) 17 people (65.38%) 8 people (30.76%)

Uses tips and tutorials from independent creators on YouTube to

learn about the algorithms and how to grow their channel

3 people (11.53%)** 7 people (26.92%)** 3 people (11.53%)** 7 people (26.92%)**

*percentages calculated having n = 25 (one person does not use YouTube Analytics at all).

**in this category there was an additional intermediary degree, namely number 3, or “once in a while.” six people (23% of the sample) marked this option.
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FIGURE 7 | Financial support of science YouTubers.

FIGURE 8 | Preferred media/ locations for SC in actual scenario and free-choice scenario.
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wouldn’t be a free-choice place to work, although 15 respondents
were working there at the time of the survey.

DISCUSSION

ScienceVlogs Brasil can be best understood as a result of further
development of the onlinemedia ecosystem, in which audiovisual
language grew in popularity thanks largely to cheaper gadgets
with cameras and an online connection and a recent increase
in broadband coverage in Brazil17. YouTube is reportedly the
most accessed social media in Brazil18; 96% of people between
18 and 35 years access it19. In this sense, it is fair to say
that the project was created as a way to try and reach the
audiences that may have migrated to YouTube from other media,
and also to engage with all the new young audiences who
are native to YouTube. As a project stemming from science
communicators directly connected to the ScienceBlogs Brasil
project, it borrows a lot from the decentralized and non-edited
model of a blogging network, which is reinforced by YouTube’s
individualistic top-down structure (van Dijck, 2013). However,
the project aims at popularizing the ScienceVlogs Brasil badge
through collaborations between channel members. As such, the
project acts as a platform in the sense detailed by Gillespie
(2010)—it attempts to promote a “progressive and egalitarian
arrangement, promising to support those who stand on it”
(Gillespie, 2010, p.4). Through mutual help, the members of the
project produce interesting content, help their channels to grow
by sharing audiences, and offer each other emotional support,
attempting to operate as a true platform where YouTube fails.

Science YouTubers appear to be younger than science
bloggers: in Jarreau’s (2015) comprehensive study of science
bloggers (n = 601), 46% of the authors are in the window of
18–34 years old, while 27% of the sample are between 35 and
44 years old. In this study, 73.1% of the science YouTubers
are aged between 18 and 35, while the rest are above this age
bracket. The age difference seems to be closely related to the
moment in the career of the YouTubers, and, consequently, with
his or her educational attainments: while there is a great variety
of bloggers in different moments of a variety of careers and
occupations—science writers, postgraduate students, researchers,
and professors (Bonetta, 2007; Puschmann, 2014), little more
than a third (nine people, 34.61%) of the science video producers
in our sample is still in college, and so are younger and still taking
the first steps in tertiary education. The age difference can also be
connected to the fact that 96% of the Millenials (aged between
18 and 35 years) in Brazil access YouTube on a regular basis20. It
makes sense to think that science video producers are also science
video consumers, and thus part of that young-aged audience.

17Available online at: https://www.anatel.gov.br/institucional/noticias-destaque/
46-noticias/2230-anatel-divulga-relatorio-sobre-o-mercado-de-banda-larga-
brasileiro (accessed 3 August, 2020).
18Available online at: https://blog.hootsuite.com/youtube-stats-marketers/
(accessed 30 June, 2020).
19Available online at: https://www.thinkwithgoogle.com/intl/pt-br/
youtubeinsights/2017/introducao/ (accessed 3 August, 2020).
20Available online at: https://www.thinkwithgoogle.com/intl/pt-br/
youtubeinsights/2017/ (accessed 3 August, 2020).

Occupations of science bloggers and video creators also vary.
According to Jarreau’s study (2015), most science bloggers are
employed for wages full-time (55%, n= 337) or part-time (6%, n
= 39), and those employed full-time are involved with academic
research, as well as 47% (n = 288) of her entire sample. Only
a minority of science bloggers identified as students (20%, n
= 125) at all (Jarreau, 2015). Our sample shows a different
reality: most video producers are occupied mostly as university
or college professors (23%, n = 6), school teachers (23%, n = 6),
media professionals (19.23%, n= 5), and entrepreneurs (19.23%,
n = 5), with some overlap. Only three people (11.53%)—
two college students and a Ph.D. candidate—listed their only
occupation as “student;” all the other respondents who were
undergraduate or postgraduate students (38.46%, n = 10) listed
at least another occupation. This occupation distribution reflects
a common scenario in Brazil, in which undergraduates or
postgraduate students frequently work as school teachers and/
or entrepreneurs of some sort to pay for their studies and
housing. The predominance of non-research related occupations
also speaks to the young age of the video producers, mentioned
earlier. Regarding areas of expertise, Exact and Earth science
were the most common study areas of science communicators,
followed by Life sciences. In contrast, it seems that the most
common formal degree of science bloggers is in Life sciences
(including Health Science and Medicine), then followed by
Physical and Earth science (Jarreau, 2015).

The gender disparity in our sample is evident, with less than
one-fourth of the communicators being females (six people,
23%). In the science blogging universe, a male majority has also
been observed more (Shema et al., 2012) and less predominantly
(Jarreau, 2015). We argue that this wide imbalance reflects the
female underrepresentation in STEM (science, technology, math,
and engineering) fields around the world: most communicators
of the SVBr project have a degree in Exact Sciences, an area
in which, also in Brazil, there are significantly less women
(Bolzani, 2017). This can also be explained by the significantly
bleaker consequences of females’ exposition on Youtube: women
constantly face more harassment online than men, often
with sexual connotations (Amasekara and Grant, 2018). The
psychological strain of being constantly online, exposed on video,
and acting responsive to all sorts of comments online also
appeared as a challenge in communicating science on YouTube.
On Instagram and Twitter, however, Riedlinger et al. (2019) have
reported a majority of women science communicators, which
suggests that maybe the exposition created by the medium is a
relevant factor for women who choose to communicate science.

The main reason that drives SVBr members to communicate
science is their desire to contribute to a better understanding of
science in society. This motive also holds true for a significant
number of science bloggers (Bonetta, 2007; Blanchard, 2011;
Masters, 2013; Mahrt and Puschmann, 2014; Jarreau, 2015). A
striking difference with science bloggers, however, is the fact
that no communicator from our sample mentioned the wish
to communicate with fellow scientists, or to build a personal
online identity, or to use videos as a portfolio. Almost all
categories of motivations echoed a science outreach rationale,
which puts the public understanding and feelings toward
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science as priorities. Bringing the general public closer to the
academic world was mentioned in second place. Although the
distance between science and society seems to be a general
phenomenon, even in developed nations such as the USA
(Hartz and Chappel, 1997), in Brazil this gap is particularly
big: only 21% of the population between 25 and 34 years have
completed some kind of tertiary education (OECD, 2019). In
2018, only 24.6% of students enrolled in tertiary education
studied in public institutions (Inep, 2018), which are those that
produce almost all of the national scientific research. There
were only 500–1,000 researchers per one million people in
Brazil (United Nations and Eclac, 2019)—a very low number
compared to other developing nations. Thus, in Brazil, the walls
that separate academia and the general population are still very
high, which makes the reasoning of the communicators all the
more understandable.

The most relevant challenge in communicating science on
YouTube was reportedly the competition for attention in
the platform. Members of the SVBr project claim that the
enormous amount of sensationalist junk content from junk
channels get too many clicks and eyeballs, which leaves less
residual attention for more serious subjects such as science.
That perception is confirmed by a recent statistical analysis
of the last 10 years of video provision and consumption on
YouTube (Bärtl, 2018). Bärtl shows that roughly 85% of all
views are directed to the top 3% channels, which have a high
probability of belonging to the genres comedy, entertainment,
tutorial, and gaming—not science. It has also been found
that most videos recommended by YouTube’s recommendation
system are highly popular (with over one million views), and
increasingly longer than the videos watched before21. This
rich-get-richer pattern of an intense concentration of views in
a few stars is a direct result of intermediation practices or
the platform (Langley and Leyshon, 2017), executed on the
platform by YouTube’s algorithms. Such practices privilege the
ultimate goal of holding people for the most possible time
on the platform, and so to exhibit the maximum number of
advertisements and collect the highest amount of data from them
(Burgess and Green, 2018).

Another negative effect of YouTube’s suggestion algorithms
relates to audience restrictions. Members of the ScienceVlogs
Brasil project claim that the video deliveries fluctuate a lot,
hindering their audiences of being notified about new videos, and
that it is hard to “burst the bubble” of those who are already
interested in science to reach people who are still not familiar
with it. In saying this, they are referring to the filter bubble
(Pariser, 2011), in which algorithms tend to recommend content
that reinforces the pre-existing beliefs, tastes, and worldviews
of the users. The extent to which filter bubbles prevent users
from being exposed to a topic as broad as science is not known;
however, on YouTube, filter bubbles have been shown to lead
users into rabbit holes of increasingly radicalized (and often

21Available online at: https://www.pewresearch.org/internet/2018/11/07/many-
turn-to-youtube-for-childrens-content-news-how-to-lessons/ (accessed 26
October 2020).

anti-scientific) content, brimming with conspiracy theories22.
This means that serious science communicators can have a
hard time having their videos recommended by the platform—
which can have a major impact on their reach, considering
that YouTube’s recommendations drive around 70% of what
users watch23.

Science communicators reported using a number of strategies
to overcome these hurdles and stand out in YouTube’s
competitive environment. The most popular, the advertisement
of the channels and new videos on social media such as
Facebook and Twitter, is a common strategy used also by science
bloggers (Puschmann, 2014) to spread the word. A significant
number of communicators (19 people, 73% of the sample) have
also participated in competitions promoted by YouTube. These
strategies appear in addition to the SVBr project, in itself a way to
promote each other’s science channels. It was also shown that the
communicators feel the need to know more about the platform
where they are established by searching for information on how
to produce quality content and “defeat” YouTube’s restrictive
algorithms and by visiting on-site courses given by YouTube on
those and other topics. This indicates a high commitment and
disposition to elevate their channel to professional-like standards,
a push that YouTube as a company highly values.

Low financial rewards, the hard-to-reach balance of producing
scientific quality content at a fast pace while having an occupation
(often a full-time one), and difficulties to find the right video
format were equally mentioned. These issues are actually closely
related. Besides writing a good script, filming, and editing, the
production of a high-quality science video often demands hours
of research and double-checking, even if the host is an expert
in the field. Many communicators argue that this is a serious
drawback in their competition for audiences: since they take
longer to produce videos than comedy or tutorial channels, for
example, their channel produces less content and is perceived
to be less favored by the platform’s algorithms. This is why they
must look for the right format and tone for the videos—in order
to find a clearly defined and big-enough audience to consume
the videos regularly. Another demotivating factor is that very
few YouTubers are able to earn enough to make a living with
ad revenues from YouTube. In the ScienceVlogs Brasil project,
at the time of our research, only two of the 26 communicators
had most of their income coming from the platform. Amateur
science bloggers have reported similar concerns with financial
sustainability (Masters, 2013; Brown and Woolston, 2018) and
time constraints (Jarreau, 2015); science YouTubers, however,
must learn video recording and editing techniques that are
further away from the writing habits that they might have had
due to their employment or involvement with academia. In other
words, the efforts to start and maintain a YouTube channel can
be assumed as higher than that to start blogging.

22Available online at: https://www.theguardian.com/technology/2019/jan/25/
youtube-conspiracy-theory-videos-recommendations (accessed 26 October,
2020).
23Available online at: https://blog.hootsuite.com/how-the-youtube-algorithm-
works/ (accessed 3 August, 2020).
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From all YouTubers in the sample, 18 (69.26%) reported
having prior experience as science communicators in othermedia
(mostly on social media and blogs); from these, a significant part
(7 people, 26.92%) had more than 5 years of experience. In total,
22 out of 26 YouTubers (84.61%)would seriously consider having
a career in science communication, using primarily digital media.
Some YouTubers are already venturing in this path, selling online
courses about their specialties through platforms or through
YouTube itself24. The workplace preference options show that
science YouTubers would keep working with options familiar to
them (writing scripts and filming) also in offline media, such as
the press, radio, and TV, instead of working with non-mediated
science communication, as in science centers and museums.

CONCLUSIONS

The ScienceVlogs Brasil project can be best understood as an
alliance inspired in the ScienceBlogs Brazil network model,
aimed at strengthening the science communicators community,
leveraging each other’s channels and fighting fake news on
YouTube. It emerged as a strategy for the group to thrive
and reach new audiences in an environment that rewards
primarily entertainment and sensationalmisinformation. Science
communication on Youtube as on blogs, requires group effort
to make it more visible, yet competition is tighter and chances
to reach a wider public are bigger since the public prefers
videos to texts to get information about science (CGEE, 2019).
It still remains to be seen whether the project indeed worked
as intended or not—that is, whether the audiences of the
individual channels and of the group as a whole really increased
significantly throughout time. Future studies could assess
this issue.

The typical profile of a science YouTuber in our sample
is that of a young highly educated male, with a degree in
either Exact, Earth of Biological Sciences and employed as
a teacher or professor. The main motivation of the SVBr
YouTubers is strongly related to science education and lay
public empowerment. Science YouTubers suffer pressures
in trying to keep their channels productive while producing
high-quality videos that need a lot of research and editing. The
low revenue provided by the platform is also a demotivating
factor. The vast majority of ScienceVlogs Brasil participants
are self-taught science communicators with prior experience
in other media who would like to become professionals, and
continue to be active in digital media. Such high engagement
indicates that, given the right conditions, this project could be
a hub of trans-media professional science communication
in Brazil, producing scientific content in multiple
formats and platforms.

The main contribution of this study for the area of science
communication is a better understanding of the evolving online
science communication ecosystem. This study helps to illustrate
how the age and career stage of communicators can influence the

24This is the website of a Brazilian science YouTuber who became very successful
also as a panelist. He now offers a course on scientific thinking with a colleague.
Available online at: https://pirulla.com/cientista/ (accessed 3 August, 2020).

type of media they choose, and how they face and deal with the
challenges of a platform that rewards, on one side, professional
content, and on the other side viral videos and content without
any credibility. Challenges faced by Youtubers must foster
policies to encourage science communication as a way to
keep them active and working within professional standards,
especially considering the growing presence of denialism and
fake news on Youtube (Li et al., 2020), video views and videos
as support content to education of science. This conclusion also
adds to recent cries for a new and better algorithmic model on
YouTube25, which can reward creative/quality work instead of
clickbait and junk content.

The study also shows how seriously committed this particular
type of science communicator (the YouTuber) is regarding his/
her activity, and points to online science video making as a field
pregnant with possibilities. While it is not safe to assume that
the science YouTuber will always stay on YouTube instead of
going to legacy media or changing formats or platforms, the
platform indeed seems to be critical for science YouTubers at
a certain point in their lives. Future studies could investigate
the evolution of science YouTubers – if they will also migrate
to other platforms or diversify significantly their activities, or
if they will stick to a particular format and specialize (all
indicates that the first option is the way to go). Comparative
studies could also strengthen the Youtube community and the
understanding about different social, cultural and economic
pressures to motivate successful science communication actions.
New studies could also verify how the project ScienceVlogs
Brasil will turn out in a few years’ time regarding the
profiles and reach of their communicators. Hopefully, because
of their work, science will be more mainstream by then
than it is now.
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Addressing global sustainability challenges such as climate change in democratic

societies requires thorough political and societal debates. Science and environmental

communication is needed to inform these debates. However, not all parts of society

are equally reached by traditional science communication. In particular young people,

especially without academic background, are often left out. The cooperation of

science communicators with influencers on the video platform YouTube can be a

way to convey scientific information and raise awareness for environmental issues

with new young audiences. This case study looks at three videos from the campaign

#EarthOvershootDay on YouTube by the WWF (World Wide Fund for Nature) Germany

and the educational initiative MESH Collective. The focus of the analysis lies on

the established success factors of communication through influencers—specifically

authenticity, comprehensibility and storytelling—and how they play out in detail in the

three exemplary videos. Besides the analysis of the videos, the study is corroborated by

interviews with the producers and a comment analysis in order to include the perspective

of the viewers. Our analysis confirms previous findings on science communication with

influencers and illustrates the practical implementation of these findings. It shows that

authenticity is a central aspect which is not disturbed through the presentation of scientific

content. The storytelling approaches are tailored to the respective influencer and their

style. The language and structure of the videos are simple and comprehensible, scientific

arguments focus on selected aspects and are tied to examples from everyday life. The

comments by the users support these findings with the majority of comments addressing

the three aspects of our analysis being positive. However, evidence for an in-depth

engagement with the scientific contents could not be found in the comments. The stated

goal of the campaign to reach educationally disadvantaged young people was only

reached to a limited degree according to the assessment of the producers. Additionally,

the views of two of the three videos remained below the average for the respective

channel. Taken together this indicates that cooperation with influencers might not be

an “all-purpose tool” guaranteeing success for science communication.

Keywords: youtube, science communication, climate change, sustainability, influencer, environmental

communication
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INTRODUCTION

Scientific issues lie at the core of many current societal and
political debates (Weingart, 2011)—probably most prominently
in recent years climate change. Science communication plays
an important role in providing information for the public, thus
facilitating these debates, and contributing to opinion-forming
(Thomas and Durant, 1987). However, not all parts of society are
reached by traditional science communication formats (Schrögel
et al., 2018; Humm et al., 2020). One of these groups are children
and young people. While 12- to 19-year-olds are referred to as
a “challenging-to-engage” group for informal science learning
offers (Lloyd et al., 2012, 25f.), they are at the same time an
important target group for science communication—even more
so for environmental communication—as the future generation
(Marris, 2019).

While there has been much talk about the darker sides
of YouTube—such as the spreading of conspiracy myths or
climate change denialism (Basch et al., 2017; Hussain et al., 2018;
Paolillo, 2018; Allgaier, 2019; Ekram et al., 2019)—this article
sheds some light on a brighter side of the video platform: the
potential of YouTube as a tool for science communication to
reach and engage young people.

The video platform YouTube plays an important role
in the learning habits of today’s young people (Jebe et al.,
2019). While there already is a plethora of videos on YouTube
addressing climate change, previous studies show that the
(educational and visual) quality widely varies (Allgaier, 2019).
If environmental science communication wants to reach young
people in this variety of competing offers, new strategies
need to be devised. Following the combination of science
communication and popular culture (Allgaier, 2017), one such
strategy can be the cooperation with established YouTubers as
influencers, something already common in marketing (Brown
and Hayes, 2008). This article uses the influencer campaign
#EarthOvershootDay1 on YouTube as a case study to investigate
the characteristics and the potential of such web videos to
reach young people with environmental communication. The
campaign was produced by the educational initiative MESH
Collective2 in cooperation with WWF (World Wide Fund for
Nature) Germany and nine established German YouTubers. It
deals with the overall topic of sustainability and is especially
aimed at young people.

1The so-called Earth Overshoot Day is part of an annual campaign by the NGO
Global Footprint Network and its partner organizations, including the WWF. It
“marks the date when humanity’s demand for ecological resources and services
in a given year exceeds what Earth can regenerate in that year” (Global Footprint
Network, 2020).
2MESHCollective was founded in 2010 under the name “DUHASTDIEMACHT”
by the Robert Bosch Stiftung and the film and production company UFA. Since
then, it has been dealing with the extracurricular digital education of young people
who are less interested in politics and education (von Kempis, 2016, 34). The
education initiative develops video campaigns for its clients (e.g., foundations,
NGOs, ministries) for YouTube, with a focus on knowledge transfer to specific
target groups (MESH Collective, n.d.). Today, MESH Collective is a brand of
Divimove GmbHwhich is part of the RTLGroup, an international media company
based in Luxembourg.

The case study focuses on the three aspects of authenticity,
comprehensibility, and storytelling when communicating
through influencers. Authenticity can, on the one hand, be
part of the linguistic design (e.g., use of youth language) and
on the other hand be transported through further levels such
as the setting, facial expressions, and gestures, or the type of
argumentation. Comprehensibility for and appeal to young
people can be achieved by everyday language, a comprehensible
structure, visualizations as well as an appealing narrative style
(storytelling). The question of the case study is, how these factors
manifest themselves in the video material, how the production
process works and potentially influences the video design, and
how the videos are perceived by the audience. Specifically, one
key aspect is if influencer communication with scientific content
is perceived as inauthentic.

In order to gain insights into the characteristics of the videos,
we conducted a qualitative content analysis of three of them.
Additionally, interviews were conducted with the responsible
persons at MESH Collective, the WWF as well as one of
the YouTubers to gain insights into the production process
and its evaluation. Furthermore, to include the perspective of
recipients, the comments on the selected videos were subjected
to a quantitative content analysis.

THEORY AND BACKGROUND

Engaging a Young Audience With Science

and Environmental Communication on

YouTube
While children and young people are for quite some time
being addressed specifically by science communication in an
educational context and through approaches to increase the
number of students in STEM (science, technology, engineering,
and math) subjects, these efforts most often focus on activities
such as school workshops, open laboratories or science
festivals (Rennie, 2014). With the focus on attracting potential
future students, many activities concentrate on pupils in
academically oriented secondary education. Furthermore,
students’ engagement and identification with science is
influenced by existing social inequalities (Archer et al., 2012).

The usage of the video platform YouTube might offer
the possibility to engage with young people and, thus, to
address these limitations with science and environmental
communication outside the school context. YouTube is the
secondmost visited website globally (Alexa, 2020), and according
to a representative survey almost two-thirds of 12- to 19-year-
olds in Germany consider YouTube as one of their favorite
Internet offerings. Almost all respondents (90%) used the
platform at least several times a week. After search queries via
Google, YouTube is their most important research tool, with 55%
using the platform regularly for information search (Feierabend
et al., 2020, 27, 38, 41). Furthermore, people not only watch
videos on YouTube, but commenting and rating of the videos
play an important role as well (Geipel, 2018, 140).

Regarding issues and interests, environmental protection and
problems are a present topic for young people in Germany.
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Although they see themselves as responsible, they also address
their negligence, e.g., in waste avoidance (Calmbach et al.,
2016, 272). However, awareness and interest in environmental
issues are strongly influenced by social status and inequalities.
This can be seen when looking at participation in the Fridays
For Future (FFF) movement as an example. A study on the
participants in climate protests in March 2019 in 13 European
cities found that “[a]mong FFF-protesters, too, the highly-
educated parts of society are overrepresented. School students
attending the FFF demonstrations definitely have a well-educated
family background” (Wahlström et al., 2019, 10).

Looking beyond that, especially at the milieu of materialistic
hedonists3, one can see that many are afraid of being conspicuous
as “tree huggers” due to too much interest in environmental
protection. If at all, their interest focuses on specific everyday
examples, such as saving energy, rather than the global context.
They are strongly oriented toward what the majority is doing
(Calmbach et al., 2016, 267, 272).

With regard to specific actions for climate and environmental
protection, young people especially from this milieu assess their
effectiveness as low. Compared to environmental protection,
climate change is seen as something that is far away and takes
place on other continents. Accordingly, fewer are willing to get
involved in this. Many young people also lack knowledge about
the larger context of climate change or what they can do in
concrete terms. Especially those with low formal education are
indifferent to the topic and do not see climate change as too
problematic (Calmbach et al., 2016, 277–284).

The term “critical consumption” is little known among young
people in Germany, but the debates about it, e.g., questionable
production conditions, are. Materialistic hedonists in particular
“actively name the production and distribution problems of
cheap fashion brands” (Calmbach et al., 2016, 287), but do not
want to change their behavior, as price and appearance are more
important to them than fair production conditions (Calmbach
et al., 2016, 294).

In summary, there seems to be a growing interest in
sustainability issues and the topic is also seen as important—
although this is varying with educational and social backgrounds.
One common challenge for young people, in general, is that there
apparently still is a lack of low-threshold information and tips for
concrete action.

At the same time, the issue of sustainability has been gaining
a lot of attention on YouTube in recent time, as is evident
in the YouTube Trends Snapshot for the first quarter of 2019
(Pettie, 2019). However, while web videos are now regularly used
for science and environmental communication, research on it
is limited (Allgaier, 2016, 19; Geipel, 2018, 150) as the main
focus of content research still focuses on print media (Schäfer,
2017, 282f.).

3Materialistic Hedonists are one of several milieus from the Sinus Youth Study.
They are the “leisure- and family-oriented lower class with pronounced brand-
conscious consumer desires” (Calmbach et al., 2016, 91). Mostly they have low
formal education. On television, they follow entertainment formats such as talk
and reality shows or infotainment. Girls in particular like to follow the lives of stars
in the media. They are usually not interested in further education outside school,
so as not to be considered as “nerds” (Calmbach et al., 2016).

As a component of popular culture, the content on YouTube
influences how science and scientists are perceived by the public
(Allgaier, 2017, 242). This is both a potential and a risk. On
the one hand, science YouTubers can positively change the
public’s perception of science, on the other hand, could YouTube
very well also be an “El Dorado for conspiracy theorists”
(Allgaier, 2016, 20). This makes it all the more important for
serious content to become more established. However, scientific
institutions, in particular, have not been very active to date
with regard to online (moving image) formats (Schäfer, 2017,
279). This is reflected in the observation that YouTube channels
without a direct connection to scientific institutions seem to have
a much greater reach than those from such institutions (Boy,
2020).

With regard to potential audiences, the evidence also confirms
that YouTube can be a suitable channel to engage young people
with science, as illustrated by a representative survey from
Germany: 42% of the 14- to 29-year-olds reported that they
use YouTube either frequently or very frequently to inform
themselves about science and research online (Wissenschaft im
Dialog, 2018, 76). This finding is in line with other studies
that show that YouTube plays an important role as information
source and learning tool for school content (Jebe et al., 2019, 55;
Feierabend et al., 2020, 40).

Analysis Dimensions–Relevant

Components for Science Communication

With Younger Audiences Through Web

Videos
When communicating science with children and adolescents,
appealing examples as well as an understandable, not “too
scientific language” are important to avoid a gap between
“knowledge authority” and the target group (Marschalek and
Schrammel, 2017, 15). Additionally, guidelines for science
communication with underserved audiences can be useful.
Common recommendations are, that science communication
activities should be relevant for the audiences, take place
at locations they normally use—including virtual places like
YouTube–, in cooperation with persons or organizations they
can relate to or have established connections as well as seeking
to reduce the distance between communicator and audience
(Humm and Schrögel, 2020).

In comparison to television, the sender, the context, as well
as the target audience and its handling of social media in online
environments are of greater importance, since new videos are
constantly being suggested at the edge of the screen and the
audience could click away at any time. A precise knowledge of the
target group and the respective platform is, therefore, necessary
for the production of successful scientific web videos (Krachten,
2016, 29).

Entertainment plays an important role for web videos. The
typical intro serves the dramaturgical structure of the video; it
must be directly clear to the viewer why it has to be watched
to the end and should be as short as possible. The outro at the
end of the video should lead to further videos via links, usually it
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also contains an invitation to subscribe (Krachten, 2016, 29–31;
Muñoz Morcillo et al., 2016a, 124).

Going beyond these more general findings, three factors seem
to be particularly relevant for science communication with a
young audience: authenticity, comprehensibility and storytelling.

The Role of Authenticity
Authenticity is an essential feature of successful web videos. The
YouTuber must make the format “his/her” format: “The young
target group loves real people who act authentically. [...] The
presenter must be on fire for the program” (Krachten, 2016, 28).

Two elements seem to be central for authenticity. On the one
hand, a familiar face that presents content in a credible way
(Welbourne and Grant, 2016, 715), and on the other hand the
means of expression used to present this content, for example by
filming at “workplaces that seem authentic” or “everyday clothes
and everyday language” (Breuer, 2012, 105f.).

Subsequently, two aspects of the components contributing to
the perceived authenticity of a video are describedmore in-depth:
influencers as authentic and familiar faces for their peers and
the role of everyday language, particularly youth language, as a
specific component of expression.

Authentic and Familiar Faces—Influencers
Well-known YouTubers can act as trusted intermediaries
between the provider and the audience. The early concepts of
using influencers—influential people in their respective local or
peer communities—for marketing did not consider social media
to be the most important aspect (Brown and Hayes, 2008, 166).
But with the exponential growth of social media platforms and
users worldwide, today influencers are primarily seen as a digital
phenomenon (Seeger and Kost, 2018, 13–15).

Empirical studies confirm that the authenticity, more
specifically being relatable to, as well as the appeal of
influencers create their value for marketing: “(...) influencers’
trustworthiness, attractiveness, and perceived similarity (to their
followers) positively influenced their followers’ trust in their
branded posts” (Lou and Yuan, 2019, 68). This is confirmed for
social media in general as well as for YouTube influencers in
particular (Xiao et al., 2018).

These mechanisms can also be used for science and
environmental communication. Welbourne and Grant (2016)
have shown that user-generated science communication content
with a continuous presenter (as the face of the video/channel) is
more popular in comparison to professionally generated content,
e.g., by science institutions—although today’s influencers can
be considered professionals, especially with respect to video
production methods and technology. Muñoz Morcillo et al.
(2016b) found in a content analysis of 200 popular science web
videos that the videos are mostly shot by amateurs, but that
professionalization is taking place. This development has been
confirmed in a follow up study (Muñoz Morcillo et al., 2019).

The cooperation with influencers allows educational content
to reach other audiences (von Kempis, 2016, 35), although one
has to consider questions of credibility, quality, and ethics,
especially for areas such as health communication (Altendorfer,
2019)—influencers can have a considerable impact within their
communities but also reaching beyond that as the case of the

YouTuber Rezo has shown. He triggered a nationwide debate on
politics and climate change in Germany with one video attacking
the conservative party (Allgaier, 2020).

Authentic Expression–Youth Language
Youth language as a variety of language like dialects or technical
language (Femers-Koch, 2018, 112) can be defined as an “orally
constituted medium of group communication used by young
people in certain situations” (Neuland, 2018, 90). In general,
youth language facilitates information exchange on eye level and
functions as a show of solidarity and belonging to a certain social
group and distinction to other groups. On the individual level
it can also be part of developing and expressing identity and
lifestyle (Bahlo et al., 2019). Thus, is it not surprising that in
advertisement youth language is used “to establish proximity to
the target group” (Femers-Koch, 2018, 116) and to enable a direct
and emotional address. It has to be noted, that this approach is
not seen uncritically: “Popular formats for the youth rarely offer
authentic role-models with positive potential for development,
but rather archetypal narratives and stereotypic language, that
can be marketed more broadly [regarding ≫culture industry≪
see Horkheimer and Adorno (2006)]” (Bahlo et al., 2019, 108).

According to Bahlo et al. (2019, 55–77), youth language
can be identified by several features, for example by their
morphology, the usage of anglicisms, and the influence of
different domains like media, fashion, or sport. For this study,
terms were classified as youth language if they were marked as
youth language in the German dictionary Duden or—depending
on the context—anglicisms.

The Role of Comprehensibility
Good comprehensibility serves to keep the cognitive load of the
stimulus as low as possible and thus, according to the so-called
Limited Capacity Model (Lang, 2000)4, promotes information
processing and knowledge transfer.

So far, comprehensibility in science communication has been
investigated primarily for texts (Langer et al., 2011) and in the
audiovisual sector for scientific TV reports (Milde, 2009; Lauter,
2018). However, the comprehensibility of scientific web videos
has not yet been specifically researched.

Three studies show several characteristics that influence
the comprehensibility positively—following the Hamburg
Comprehensibility Model (Langer et al., 2011): simplicity (e.g.,
language, visualizations), structure, brevity, and stimulating
features (e.g., examples, storytelling, personalization, emotions)
(Milde, 2009, 126, 137, 245; Langer et al., 2011, 21f.; Lauter,
2018, 416).

The Role of Storytelling
One method that serves to improve comprehensibility is
storytelling. This means that the information to be conveyed
is presented in narrative form (Früh et al., 2014, 46).

4According to the Limited Capacity Model (LCM) the human brain’s cognitive
capacities for encoding, saving and retrieval of information are limited. The
information processing is influenced on the one hand by the recipient (cognitive
effort) and on the other hand by the stimulus (cognitive load). In order to influence
the information processing positively, one has to reduce the cognitive load while at
the same time increase the attention.
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TABLE 1 | Overview on the three videos analyzed in the case study.

Video title NiksDa–Kein Thema (prod.

Dalton) | #EarthOvershootDay

NACHHALTIGKEIT and

KLEIDUNG–Tipps für Einsteiger

#EarthOvershootDay

Plastic in Paradise–mein Urlaub

im Müll #EarthOvershootDay

YouTube channel NiksDa Typisch Sissi Dillan white

Number of subscribers (channel) 127 000 251 000 365 000

Average views per video (channel) 90 650 38 659 156 785

Date 18.01.2019 07.11.2018 13.09.2018

Length 05m 18 s 09m 02 s 07m 11 s

Views 125 293 15 322 29 821

Likes/Dislikes (ratio) 12,330/375 (32, 88) 785/20 (39, 25) 3,982/16 (248, 88)

Number of comments 1,057 87 221

Video URL https://www.youtube.com/watch?

v=Fwz4T63IHmA

https://www.youtube.com/watch?

v=iwhe6qtTP9k

https://www.youtube.com/watch?

v=Ja1JSLQGDr8

Abbreviation video_nd video_ts video_dw

Number of subscribers, views as of 06/29/2020 and comments as of 02/11/2020. The average number of views per video were determined with the help of the R package tuber in

version 0.9.9 (Sood, 2020).

Communication scholars characterize narratives by a mediating
instance (narrator) that selects the events, puts them in
perspective, and unfolds them in a temporal structure (Früh
et al., 2014, 46–50; Metten et al., 2016, 110). By presenting
the messages from an individual perspective (of the narrator or
fictional characters), the audience can identify with them more
easily (Dahlstrom and Scheufele, 2018, 1). Storytelling is about
creating tension, empathic participation, and/or curiosity, which
is usually achieved by a pictorial narrative (Früh et al., 2014, 46f.).

Narrative thinking “is thought to represent the default
mode of human thought” (Dahlstrom, 2014, 13615). It presents
itself as an evolutionary advantage since it enables people to
imagine different possible realities and thus to better predict
cause-and-effect relationships and to put themselves in the
position of others (Dahlstrom, 2014, 13615). Accordingly, the
narrative mode is also more common in everyday life than
the descriptive-argumentative mode (Früh et al., 2014, 63).
Storytelling thus offers great potential for the communication
of scientific content, especially by linking it to the recipients’
world of experience. Empirical studies have shown a higher recall
rate, better comprehensibility, and shorter reading times for texts
(Dahlstrom, 2014, 13615; Früh et al., 2014, 166).

An analysis of web videos shows the distinct talent for
storytelling and personalization of YouTubers, describing it as
probably the most important aspect of these videos (Muñoz
Morcillo et al., 2016b, 20f.). Thus, liveliness, passion and creative
storytelling are essential elements (Krachten, 2016, 29f.). Most
of these characteristics apply to the typical approach and style
of many influencers, and the presentation from a narrator’s
perspective itself has a close connection to the factor authenticity
described above.

CASE STUDY VIDEO MATERIAL

In this case study a concrete example of the cooperation
with influencers is examined: The video campaign
#EarthOvershootDay on YouTube. The German education

initiative MESH Collective, together with the World Wide Fund
For Nature (WWF) and the Robert Bosch Foundation, facilitated
the production of nine videos in cooperation with established
YouTubers for a campaign on environmental topics. While the
Robert Bosch Foundation financed the campaign, the WWF was
responsible for the scientific contents and MESH Collective
coordinated the video production.

The video campaign consists of videos with a length of 5 to
15min, published between 1st August 2018 and 29th July 2019.
The campaign aimed to sensitize young people for the issue and
show them possible courses of action (Robert Bosch Stiftung).

Three of these nine videos were randomly selected and
analyzed in detail. Table 1 shows the three videos selected for
the analysis; a detailed scene protocol can be found in the
Supplementary Tables 2–4).

The first video was produced together with the YouTuber
Niklas Kolorz, who acts under his stage name NiksDa and
operates an eponymous YouTube channel. Accordingly, the
video is referred to in the study with the abbreviation video_nd.
The video deals with the topic of meat consumption. The first
and at the same time the main part of the video (00:00–04:39)
consists of a music video with its typical structure: instrumental
intro, insertion of interpreter (NiksDa) and title (“Kein Thema”
[“Not an issue”]) as well as three times verse and chorus. The
setting is an Italian restaurant. A young man (played by NiksDa)
invites a woman (played by another well-known YouTuber—
Sina aka Fräulein Chaos) for a date. When she wants to order
a steak, the subject of meat consumption comes up. Alternating
the two of them bring up their arguments for and against meat
consumption. In the chorus, which also forms the conclusion, the
tabooing of the topic is addressed. In the second part of the video,
NiksDa welcomes the viewers and invites them to comment,
subscribe, and rate.

The second video was produced together with Sissi
Kandziora), whose channel name is Typisch Sissi and who
is known on YouTube as Sissi. Her video is abbreviated here with
video_ts. In the video Sissi is sitting on a sofa in her apartment
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and tells the viewers tips and possible courses of action on
how they can deal with clothing in a more sustainable way. In
doing so, she draws a connection to her past, i.e., her “shopping
addiction,” as she says, and gives some (scientific) arguments
on the subject of clothing consumption. In the run-up to the
event, she conducted a Skype interview with the scientist Samira
Iran, of which she uses cutaway images (without sound). For the
interview, she created a separate video.

The third video was produced together with DillanWhite. His
channel carries his name, but with a dot at the end: dillan white.
Thus, we refer to the video with the abbreviation video_dw. For
the reportage style video Dillan White traveled to Croatia and
shows the problems of plastic waste in seas and oceans in his
video. He meets with the “Meeres-Verbündeten” (“sea allies”) of
theWWF youth and collects plastic waste together with them. He
reports about his experiences and reinforces his impressions with
scientific arguments.

The channels of these three YouTubers each have very
different thematic focuses and correspondingly their own target
groups. The channel NiksDa has been very much concerned
with gaming and music videos in the past. The channel also
features vlogs (video blogs), self-experiments, travel videos, and
a knowledge series “Verstandgebläse” [roughly “mind blower”].
Niklas Kolorz has meanwhile retired from the gaming sector as
he announced in various comments on his channel.

Sissi Kandziora’s channel Typisch Sissi focuses mainly on
topics like cleaning and tidying up. She always shoots her
videos from home and shows how she sorts things out,
rearranges rooms, and gives useful everyday tips on how
to live more “consciously.” On her website, she describes
her values with authenticity, honesty, sustainability, natural
ingredients, and fair production. According to self-reported
information, about 85% of her followers are female and most
of them (70%) are between 18 and 34 years old (Kandziora,
2020).

Dillan White, at 21, is the youngest of the three YouTubers
and has not yet dealt with sustainability issues on his channel. He
deals with fashion and lifestyle, travel, “stupidities,” challenges,
and music. No further information on his target group could
be found apart from the statements made in the interviews.
The producers estimated that it is aimed more at younger, less
formally educated, and consumption-oriented viewers (JA)5.

METHODS

This study explores what characterizes the three analyzed videos
of the #EarthOvershootDay campaign and their assessment
through producers and viewers as well as how these findings
could be relevant for the broader question, how scientific and
environmental topics can reach a young audience through the
cooperation with influencers on YouTube. In order to do so,
three methods were triangulated: a qualitative content analysis
of the videos, guided interviews with producers and one of

5The quotations are from the interviews with the producers conducted for this
study. The abbreviations stand for the respective interviewees (see Table 2).

TABLE 2 | Overview on the interviewees for the production perspective.

Name Institution/role Initials

Julia Althoff Head of MESH collective JA

Nikolas Kappe Senior editor at MESH collective NK

Tina Harms WWF, consultant for digital education TH

Sissi Kandziora YouTuber Typisch Sissi SK

the YouTubers, as well as a quantitative content analysis of
the comments.

Guided Interviews With Producers
The producers were interviewed to gain insights into the
production process and especially their strategies and motives.
The semi-structured phone interviews were conducted and
recorded in April 2019 and lasted between 30 and 50min.
Interviews were conducted with representatives from the
organizations behind the campaign as well as the YouTuber Sissi
(see Table 2). The other two YouTubers from the selected videos,
NiksDa and Dillan White, were not available for an interview at
the time of data collection.

An interview guide with five categories was used for
all interviews and the coding of the answers: target group,
project execution, aims and purposes, strategies and design
tools, and assessment of the campaign’s success. The
subcategories for further analysis were formed inductively
(see Supplementary Table 1).

By interviewing several people, a multi-perspective picture
was obtained, which can be related to the content analysis of the
videos, e.g., to what extent aims and intentions and the strategies
correlate with the actual video design. The questions about the
project execution and assessments of its success serve as a first
classification of how well the project worked. The transcripts of
the interviews were also evaluated by content analysis using the
above-mentioned categories.

Qualitative Video Analysis
For the examination on stimulus level a scene protocol
(see Supplementary Tables 2–4) was made for each video to
investigate the visual aspects. This together with transcripts of
the videos provided the basis for the qualitative content analysis
(Kuckartz, 2018).

The hierarchical category formation was deductive-inductive.
The three main categories for the analysis of the videos
were authenticity, comprehensibility, and storytelling. The
subcategories emerged partly deductively from the theory and
partly new subcategories were formed inductively based on the
material. The entire category system for the analysis of the video
transcripts is shown in Table 3. Suggestions for the categories
were provided by the works of Milde (2009), Langer et al. (2011),
Breuer (2012), Dahlstrom (2014), von Kempis (2016), Krachten
(2016), Muñoz Morcillo et al. (2016b), Welbourne and Grant
(2016), and Lauter (2018).

The category “Authenticity” comprises two dimensions.
Firstly, how convincingly the YouTuber presents the respective
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TABLE 3 | Category system for the analysis of the video transcripts.

Authenticity Comprehensibility Storytelling

• Youth language

• Setting

• Argumentation

◦ Adherence to

scientific

arguments

◦ References to

youth lifestyle

◦ Facial expression

and gestures

• Everyday language

• Technical terms

• Complexity of the

sentences

• Structure of the video

• Visualization techniques

• Emotionalization

• Concrete examples

• Personalization

• Involving

the audience

For this analysis, “scientific arguments” are presented aspects that can be concrete

numbers or other data, theories and models/explanations as well as science or

knowledge-based issues and background information.

topic. This is operationalized with the argumentation as well as
some elements of storytelling. On the other hand, how authentic
the staging is, which is operationalized by the use of youth
language and the setting.

For the categories “Comprehensibility” and “Storytelling,” the
Hamburg Comprehensibility Model was used. The subcategories
for “Storytelling” are mainly formed based on Früh et al. (2014)
and Dahlstrom (2014). The categories are not disjunct. Some
categories that are assigned to comprehensibility also play a role
in authenticity and vice versa, e.g., everyday language or the type
of argumentation.

Quantitative Content Analysis of

Comments
The viewers’ perspective on and their assessment of the videos are
included through a quantitative analysis of the comments on the
three selected videos to evaluate the outcome with respect to the
producers’ strategies and aims.

A snapshot of all comments was downloaded at 02/11/2020.
Comments by the YouTubers on their own videos were
excluded from the analysis. Thus, out of 1,366 comments,
35 were excluded from the actual analysis. The restwere
coded in three categories, which are slightly different to
the three main analysis dimensions to better capture the
audience perspective:

• Topic Choice

Comments addressing the chosen topic or focus of the
selected aspects within the video and/or the overall topic area
of sustainability, environment or similar overarching areas
related to the respective content.

• Comprehensibility

Comments addressing the comprehensibility, especially with
respect to the (scientific) information within the video (e.g.,
models and theories, data, sources).

• Presentation Style

Comments addressing the presentation style in the video,
including setting/location, speech, acting and performance,
visuals, sound effects, cut or other aspects.

Each category has four possible manifestations:

• Negative comment criticizing the category’s aspect
• Comment with both negative and positive aspects regarding

the category’s aspect
• Positive comment lauding the category’s aspect
• Aspect not mentioned.

Each comment was coded independently by two people. The
codings were then compared and in the case of differences
a consensual solution was agreed on—so-called “consensual
coding” (Hopf and Schmidt, 1993, 61–63).

RESULTS AND DISCUSSION

The Production Perspective on the

Campaign
The Campaign’s Target Group
According to the producers, the campaign was aimed at the age
group of 16- to 24-year-olds. Initially, the focus was on reaching
educationally disadvantaged young people, which was still an
important target group, however, this shifted later on toward
a more mixed audience. Tina Harms explained that the Sinus
Milieu studies were used as a point of orientation, and that
the main target group were materialistic hedonists and young
people who “have not yet come into contact with science” (TH).
Ultimately, however, young people with an affinity for education
should also be reached. The producers wanted to make sure
that the channels’ “communities have as different focal points of
interest as possible” (JA).

Sissi Kandziora described her viewers as mainly older than
20 years, “open to the topic” and said that many are rethinking
through her channel (SK). However, this would not be the broad
mass but “the reasonable ones, who also want to think further and
educate themselves” (SK).

The Production Process
Within the campaign, MESH Collective was responsible for the
editing and production of the videos and formed a bridge of
communication between YouTubers and scientists. They were
also responsible for selecting the YouTubers. On the one hand,
they selected YouTubers, with whom MESH Collective had
already worked together, and on the other hand, new ones
were picked, “who are active in the classic gaming, make-up,
travel sector—to match their followers a bit to the “consumer
hedonistically” oriented” (TH), so that the channels are diverse
in terms of interests.

The WWF provided the scientific content in the project and
organized a workshop with young people and scientists in the
run-up to the project. There they worked out which topics the
young people find exciting. The participants were recruited via
Twitter messages from the YouTubers as well as via school
mailing lists and social services. Together with the WWF and
MESH Collective, scientists then produced fact sheets with the
most important information on the topic ideas.

The YouTubers met at a workshop to discuss the topics in-
depth and decide which topic best suits them and their channel
so that they can convey the topic authentically. Scientists were
also present at this workshop. Scripts for the videos were created
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by the YouTubers themselves, and they needed to write them
in their language and style. If desired, MESH Collective offered
support, e.g., in creating animations or searching for locations.
The finished scripts were finally scientifically reviewed by the
WWF and the YouTubers received feedback on their concepts.

Objectives of the Campaign
The producers named two main goals of the campaign. First,
MESH Collective wanted “to place the issue of climate change
in communities, such as Dillan White’s, which are all about
fashion, to create awareness. [. . . ] And to give help close to
everyday life” (JA).” The second was the sponsor’s—the Robert
Bosch Foundation—goal of getting young people interested in
science. This involved primarily reaching out to young people
“whomwewould not have reached otherwise” (NK), as well as “to
initiate a dialogue between scientists and YouTubers and young
people” (TH). Achieving a change in attitude and behavior was
also desired, however, it was not the primary goal, but rather
the “cherry on top” (TH). Sissi Kandziora stated that she mainly
wanted to draw attention to the topic as she “had just become
very interested in the topic of sustainability, as she used to
consume a lot” (SK).

Strategies for the Video Production
The strategies mentioned in the interviews to achieve these
objectives can be classified at two different levels: On the one
hand, structural factors concerning the choice of platform and the
concept, and on the other hand, the way the topic is presented in
the videos. With regard to the former, Julia Althoff, for example,
emphasized that they deliberately chose YouTube because
moving images are—in her opinion—particularly suitable for
conveying information and are clicked on more often. In
addition, the cooperation betweenMESH Collective, YouTubers,
and WWF would have enabled synergies. The presentation of
the topics by the YouTubers themselves would have enabled
optimal access to the target group. While MESH Collective
would have supported the YouTubers in preparing the contents
in a journalistically sound manner and the WWF would have
provided scientific information (JA). From Tina Harms’ point
of view, positive effects can be achieved with the target group
by using new formats such as the rap video by NiksDa. Sissi
explained that she also paid attention to video length and
short intros.

Concerning the video design, all interviewees emphasized
(sometimes several times) the importance of authenticity. The
secret is,

“that we use the creativity and what the YouTubers have built up
to convey our content, and that we use the language at the same
level as the young people” (NK),
“that the video doesn’t drop out of the channel scheme, i.e.,
doesn’t disturb the viewing habits; that we observe very closely
with the YouTuber, what works on the channel and embed it in
the program scheme, what formats are already on the channel and
prepare the video accordingly” (JA),
“that the YouTubers could authentically convey a theme in their
way, but they were also convinced of it themselves.” (TH)

The YouTubers were accordingly given a “freehand” (NK) in
the design. The close cooperation with the YouTubers and the
trust in their work, as well as the intensive contemplation of the
target group were seen by the interviewees as a central strategy of
the project, e.g., through the abovementioned workshop. When
preparing the information and producing the videos, care was
also taken to establish a connection to the life world of the
recipients, which the YouTubers would easily achieve through
their person alone (JA; NK; TH).

Besides authenticity, comprehensibility was a decisive factor
and had to be adapted to the target group. The videos should
not contain too much, but also not too little information
(NK). The information should be conveyed in the videos rather
casually and not with a raised forefinger (TH). Furthermore,
the producers claimed that care was taken to ensure that
the videos are comprehensible by using simple language,
explaining technical terms, and, if necessary, using graphics.
This was “always in the foreground” (JA) according to MESH
Collective. Graphics or insertions also should make the video
more interesting, as Sissi Kandziora emphasized. Nikolas Kappe
explained that he paid attention to the tension and dramaturgy
of the videos. After all, according to Tina Harms, it had to be
also “somehow be a cool story,” referring to the importance
of storytelling.

Encountered Challenges
The interviewees also reported challenges during project
implementation. On the one hand, the support of the YouTubers
was time-consuming, agreements had to be contractually agreed
(JA; TH). On the other hand, the different interests and ideas
of all actors had to be brought to a common denominator. The
basic question in the project was: “What does science mean and
how do you make that visible?” (TH) This was discussed and
explored together within the team. The Robert Bosch Foundation
as sponsor—who normally has nothing to do with YouTube—
had to be persuaded at first, so that they “accept the slang
and dynamics of YouTube” (JA). Also, especially “the scientists
had to be very, very open to this format” (TH). Not least
for this reason, it was also a challenge to “get scientists at
all” (TH).

Thus, although the topic was “not met on all channels with
the same level of interest” (JA), “discourses were initiated” on
all channels, and awareness was created (JA). Besides, there
were many positive comments below the videos and feedback
also on corresponding Instagram posts (JA; NK; SK). Negative
comments, which, for example, question the scientific sources,
had not been noticed (NK). These impressions are corroborated
by our quantitative comment analysis.

It is difficult to judge whether there has been a change in the
viewers’ thinking or behavior, but this was not the primary goal
of the campaign according to Nikolas Kappe and Tina Harms.
She notes: “Many watched the video, many wrote a comment,
but much less went to the landing page [of the campaign],” so
there would still be room for improvement here. Sissi Kandziora,
on the other hand, states that she received many messages from
viewers who rethink through her channel.
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FIGURE 1 | Impressions from the production of the videos for (A) NiksDa and

(B) dillan white showing the variance in setting, staging and presentation style

used within the different contributions to the #EarthOvershootDay campaign

(Photos: Nikolas Kappe, MESH Collective).

Video Analysis
Authenticity

Use of Youth Language and Everyday Language
The analysis of the scene protocols shows that youth language
was used very little in the videos, but everyday language is
used in all videos. Only the music video by NiksDa contains
some explicit youth language terms. Due to its genre, this video
represents a special case. The language here is aligned to song
lyrics of the genre hip-hop, to which this video is assigned, and
therefore possibly contains more youth language expressions—
however with only just 16 occurrences—than the other two
videos. The two other YouTubers speak in a very natural way.
Filler words and occasional “ums” [“ähms”] make the language
appear authentic and natural.

Setting
In each of the three videos, the setting corresponds to the
respective YouTuber, his or her channel, and the topic.
Accordingly, the filming locations and the presentation differ
substantially between the videos (see Figure 1).

The music video (video_nd) was shot in a Berlin restaurant.
Most of the time the two main characters are shown at the
table (e.g., scenes 7, 9, 11, 13, 15, 32). However, other people
can also be seen in the restaurant (e.g., scenes 5, 35). All in
all, the situation appears realistic, even if the actions are staged

and do not correspond to everyday actions (e.g., dancing in the
restaurant during the chorus). This, however, corresponds to the
video’s genre.

Sissi Kandziora shot her video (video_ts), like all her other
videos, at home. In almost all scenes, she sits on a couch and
talks in a private, homely atmosphere (e.g., scene 1). This gives
a feeling of closeness as if the viewer is talking to a friend.
According to Sissi Kandziora’s interview, this is also what she
wants to achieve (SK).

The third video by Dillan White (video_dw) was filmed at
several locations in Croatia, mostly on the beach, which gives
a “holiday feeling” on the one hand. This is especially visible
in the entrance scene. The beauty of the landscape is explicitly
emphasized by filming at sunset (e.g., scene 1–3) or aerial shots
(scene 5). On the other hand, this seemingly intact world is
broken by the amount of plastic waste shown in the video. For
example, shots of the huge garbage carpets on the sea (scene 4),
numerous close-ups of the plastic waste (e.g., scenes 4 and 10),
or when Dillan White visits a local garbage dump (scenes 7–10)
illustrate the extent of the problem.

Argumentations
Each YouTuber in the analyzed videos uses his or her own story
and way of argumentation to impart the topic to their viewers.
NiksDa tries to convey the topic to the audience in the context of
a dialogue story close to everyday life without being instructive.
This can also be seen in the lyrics when he says: “No one changes
their opinion in the shade of a raised index finger pointing at
them” (TC6: 03:40). In the lyrics, he also admits that he does
not want a “crusade,” but to make the importance of the issue
clear: “But if nobody acts, climate change will win here in this
country” (TC: 03:44). In the end, he leaves it open to the female
protagonist Sina whether she eats meat, implicitly appealing to
the responsibility of each individual. A final instruction for action
is accordingly not explicitly given. However, the screeching
noises of pigs and knife blades in connection with rapidly
changing images (scene 50, TC: 04:03) shortly before the end
of the song can be seen as a last emotionalizing argument that
should make the audience reflect. In the second part of the video,
in which Niklas Kolorz comments on the video, he refers to the
link in the description for more information on the scientific
arguments. He also calls for discussion in the comments but
otherwise does not go into the subject in further detail.

In Sissi’s video, personal reference plays a particularly
important role. She speaks to her followers as a peer by reporting
about her personal experiences: “If you’ve known me for a while,
you might know I used to be a shopaholic, and clothes were
just fun for me” (TC: 00:19-00:27). In this way, she creates a
connection to the viewer, who may also be able to identify with
it. She then explains how she came to change her mind. In doing
so, she emphasizes that she is making mistakes too: “Even today
I am not free of mistakes. There are moments from time to time
when I buy something that has not been produced fairly” (TC:
01:17-01:24). Overall, she does not present herself as an expert
(e.g., TC: 01:47), which she also emphasized in the interview (SK).

6TC: time code.
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She mentions a total of eight scientific arguments on the subject
of sustainable clothing, which she does not simply string together,
but closely links to her tips and her point of view. In doing so, she
tries to use concrete examples to refer to the lives of young people,
for example when she says: “Sure, if you want to buy a new shirt
for a party every week, then that’s expensive. But if you buy a good
quality shirt, where you know you’ll get something out of it, then
it’s more sustainable” (TC: 05:17-05:26). With this, she appeals
to the viewers to become aware of their values without directly
prescribing anything to them—similar to Niklas Kolorz’ video.
She explains that she has spoken with a scientist about the topic
and also mentions the extra video for this, which underlines the
soundness of her statements (TC: 02:04-02:21). At the same time,
she wants to make the audience curious by saying: “I’m going to
tell you a lot of things she told me” (TC: 02:21).

Of the three YouTubers, Dillan White makes the most use of
scientific arguments. As in the other videos, the arguments are
kept short and easy to understand. Most of all he emphasizes the
amount of (plastic) garbage and that different animals eat it and
die from it. He uses a very strong visual language, showing, on the
one hand, the beautiful landscape, which thereby appears worthy
of protection, and, on the other hand, the rubbish destroying
this image. So, his last argument is: “The sea is so beautiful.
And I personally want it to stay that way.” Likewise in the other
arguments, his statements, but also his facial expressions and
gestures suggest that he is much concerned by the subject, e.g.,
when he arrives at the garbage dump in scene 8: “And to look
at this is just mega, mega gross” (TC: 01:17). His argumentation
is based on the concrete examples of pollution, which are shown
in the video and to which he takes a stance. He looks like he is
shocked by the extent of the pollution. His conclusion—similar to
the other two videos—wants to make the audience think, without
putting them under pressure: It is “almost impossible to avoid
producing plastic waste.” But you could at least “be a little more
conscious about what you’re buying” (TC: 06:52).

Facial Expressions and Gestures
The facial expressions and gestures underline the argumentation
of all YouTubers, as described above, and convey the emotions
to the viewer. The facial expressions and gestures in video_nd
are more pronounced due to the music format. Sissi Kandziora
uses gestures the least. She talks calmly, matching the “sofa
atmosphere.” DillanWhite, on the other hand, gestures more and
is also in his other videos more the slightly crazy, wacky type. He
also uses his gestures to stage himself, for example by spreading
his arms in the sunset (scene 1).

Comprehensibility

Language (Technical Terms, Everyday Language,

Complexity of Sentences)
In all three videos there are only three terms that can be described
as technical terms: “Fast fashion” (video_ts: TC: 04:02), “beach
clean-ups” (video_dw: TC: 02:11) and “microplastics” (video_dw:
TC: 02:30; 04:02). The first one is not directly explained in the
video but is understandable from the context of what is being
said: “You keep buying more and more and more. As a result,
at some point, the wardrobe will overflow or the whole thing

will be disposed of in no time. Fast fashion” (video_ts: TC:
03:55-04:03). “Beach-Clean-Up” can be easily translated into the
German “Strandreinigung” even with little knowledge of English.
On the other hand, this term is also explained by the context and
the images. Microplastics are mentioned twice in the video and
explained in detail the second time.

The use of everyday language by the YouTubers includes
deletions (“hab” instead of “habe” [have], “n” instead of “ein”
[a]), clitics (merging of two words, e.g., “geht’s”), filler words
(“ähm” [um]) as well as grammatical adjustments to the standard
language (e.g., sentence order in the subordinate clause: “Weil ich
habe das gemacht.” [because I did this]). In addition, colloquial
terms such as “Karnickel” [pejorative for “rabbit”], “ratzfatz”
[roughly “quickly”] or “krass” [insane] are occasionally used. All
in all, this, together with the avoidance of technical terms and
foreign words, not only improves the comprehensibility, but also
the authenticity of the YouTubers, since their language is similar
to the language of the target group.

The sentence complexity is kept simple in all three videos.
The longest subordinate clause in video_nd consists of eleven
words: “[. . . ] sagt mir, wie euch das Video gefallen hat und
wie ihr das fandet” [tell me how you liked the video and
how you perceived it] (TC: 05:04). Within the lyrics, the two
longest subordinate clauses each have only eight words. A large
part of the subordinate clauses consists of filler words (in
italics in the example): “[. . . ] weil ich sowas auch wirklich echt
scheiße finde” [because I also just really find that crap] (TC:
03:36). Often there are also constructions with “und” as in the
first example. Sissi Kandziora in particular uses a lot of main
sentences that she associates with “und”: “Wir leben komplett
über unseren Verhältnissen und ich seh momentan keine Grenze
[. . . ] Deswegen wollt ich heut’einfachmal so n alltägliches Thema
wie Kleidung aufgreifen hier in meinemVideo und Frau Iran [the
scientist] hat mir zum Beispiel auch eine Zahl genannt [. . . ]” [We
are living completely beyond our means and I don’t see any limits
at themoment [...]. Therefore, I would like to pick up an everyday
topic such as clothing for my video and Mrs. Iran [the scientist]
for example also gave me some numbers] (video_ts: TC: 03:13-
03:28). Dillan White uses very few subordinate clauses and when
he does, they are kept short and simple.

Structure of the Videos
All three videos can be divided into the typical three main
parts intro, main part, and outro. At the beginning there is an
introduction where the topic and, if necessary, the location is
introduced. However, the music video by NiksDa represents a
special case. The greeting comes after the video and the theme
only becomes clear as the song progresses. In all three videos, the
scientific arguments are mentioned in the main part bit by bit. At
the end of video_nd and video_ts, the typical YouTube references
to links in the infobox for further information, the request to
viewers to write comments, and the outro take place. video_dw
dispenses with this and ends instead with a call to pay attention
to one’s plastic consumption. The clear and simple structure, that
is typical for the platform and the respective channel, supports
the comprehensibility of the videos.
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Visualization Techniques
Neither video_dw nor video_nd does contain any graphics or
diagrams. In video_nd, the visualization is achieved primarily
through the acting persons themselves, through their facial
expressions and gestures as well as individual elements such as
the apple in scene 33 or the smartphone in scene 18, which
shows Sina’s profile photo on the dating app Tinder including
two rabbits. In addition, the problem of meat consumption
is presented with some still images, e.g., from within a
slaughterhouse, in scene 50.

In video_ts, Sissi Kandziora uses some flashbacks from earlier
videos to illustrate her past. Also excerpts from her Skype
interview with the scientist Samira Iran as well as animated
graphics lighten things up—so that Sissi’s face is not the only thing
visible the entire time as she said herself. This makes the video not
look boring, and the most important scientific arguments can be
clarified by the graphics.

In video_dw, Dillan White worked mainly with landscape
images and images of the waste pollution on the beaches.
He also used aerial and underwater shots, opening up
dimensions to the viewer that usually are not visible. In
all three videos, the visualizations serve to support what is
being said and do not diverge from the verbal message, thus,
enhancing comprehensibility.

Storytelling
In all three videos, forms of storytelling are used, but in different
ways. Niklas Kolorz unfolds the theme of meat consumption
with his song entirely within the framework of a story. The
topic is thus personalized from the perspective of the two main
protagonists who meet for a rendezvous. Typical for storytelling
is also the depiction of a conflict. The two have different opinions,
with which the viewers may identify. Niklas Kolorz and Sina
express their emotions intensively through facial expressions and
gestures (e.g., frowning, sad face, waving their hands). The choice
of words and their emphasis also convey the emotions in the
story, for example, through the use of strong language: “I have
never eaten this shit again since I heard about this statistic”
(TC: 01:46; the emphasis here is underlined, as in the following
examples). The repetition at min. 03:44 (“If nobody acts, climate
change will win in this country”) emphasizes the importance
of this statement. Especially the final sentence in the last verse
“I hope you know what that means” (TC: 04:02) in connection
with the following pictures (pigs in the slaughterhouse, globe,
harvesting machine in the field) and sounds (scene 50) indicate
the desired emotionalization, whereby rapid picture changes and
the black screen at the end take on a dramatizing function.
Screeching pigs and the sound of knife blades are reminiscent of
the sounds of a slaughterhouse—an indication that animals must
die in agony for human consumption. The scientific arguments
mentioned are all concrete examples and some of them are
additionally illustrated. Niklas Kolorz, for example, holds out
a plate of sliced apples to Sina and says: “I can serve you the
apple and you can eat it down to the last morsel. But a chick
with feathers and fibers and a brain, you eat only packaged and
breaded” (TC: 02:10-02:17). Due to the format, the audience is
only involved at the end, after the song is over and Niklas Kolorz

calls on the audience in the outro to look at the description for
more information, discuss in the comments, and subscribe to
the channel.

Video_ts is not telling a story with fictional protagonists.
Instead, Sissi Kandziora talks in a conversational tone about her
personal view on the subject, incorporating her past into the story
and describing her experiences. Thus, personalization is also used
here, albeit differently than in the first video. Sissi Kandziora
does not express her emotions through facial expressions and
gestures as much as in video_nd. However, this would not fit
into her video format, in which she appears more like a calm
person. Nevertheless, it becomes obvious that the topic seems
important to her. Thus, at the beginning of the video, she says
twice that she has dealt with the topic very intensively (TC:
00:09 and 00:52). She explains that she thinks a lot about what
she really likes and that she is now also paying attention to the
sustainability aspect. Her emotions are particularly evident in her
evaluations in the form of so-called verbal quantifiers (in italic),
which she particularly emphasizes or repeats: “And it is just
insane,” “how much we just consume,” “I think it is just insane
how we deal with it,” “[. . . ] you keep buying more and more and
more” (TC: 03:11-04:12). Unlike the other two YouTubers, Sissi
Kandziora doesn’t use music or sounds. Of the three, she involves
the audience the most. Already in the introduction, she asks
the audience for comments: “I am [...] always super grateful for
your tips and suggestions, your opinions” (TC: 01:38). She always
addresses her viewers directly when giving tips, and uses concrete
examples, which she partly links to her own experience andwhich
young people could implement in their everyday life, for instance:
“The most sustainable way would be to give an existing garment
another life, for example by shopping in a second-hand store
or getting something from your friend or out of your mom’s
wardrobe. As in my case: . . . ” (TC: 05:35).

In video_dw, the storytelling unfolds from the reportage-like
style. Dillan White takes the viewer with him on his journey
and shares his experiences and emotions on-site when visiting
the landfill and collecting garbage with the WWF youth. He
also uses emotionalizing verbal quantifiers such as “unbelievable,”
“rad,” “mega,” or “disgusting” when evaluating the situations on-
site. Moreover, similar to Niklas Kolorz, he uses many gestures
to express his emotions while describing his experiences, as in
scene 23, when he reports what he has seen underwater during
his dive. When he says “that’s not even that cool” not only his
voice seems sad, but also his facial expression. Dillan White
emphasizes the beauty of the sea at several points and visualizes
this with numerous shots. Right at the beginning, he welcomes
the audience “here in this incredible scenery” (TC: 00:19). At
the same time, the problem is also visualized—not only by the
pictures of the plastic garbage on the beach but also by Dillan
White showing his garbage at the end of the video, which
he produced during the week. The viewer sees, for example,
what a landfill looks like on-site and how much rubbish is on
beaches and in the sea. The wording and the images create a
communication context that can evoke emotions in the viewers.
Dillan White quite rarely involves the audience directly, only
once he says: “Maybe it’s something for your next beach holiday”
(TC: 02:13) about the beach clean-ups. At the end of the video, he
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calls on his viewers to do something for the environment at home
and gives them some concrete tips on what they could do to be
more conscious about what they buy.

Summary of the Video Analysis
Regarding the category of authenticity, it was found that the
videos were designed to fit the respective channel concept in
terms of language, setting, and argumentation, and only the
subject matter differs from the usual videos of the respective
channel. Each video thus has an individual character. Sissi
Kandziora always uses the same greeting and goodbye in her
videos. Her channel is characterized by a positive mood and
motivation. Niklas Kolorz has translated his passion for music
into his video and Dillan White combines his message with
his love of traveling and stages himself and the landscapes as
he usually does. So, there is a continuity with respect to the
corresponding channels in all videos, the YouTubers remain
true to their way of communicating and their values. Not too
many scientific arguments are mentioned and named arguments
are not simply strung together but are set in relation to the life
world of the viewers, e.g., with vivid examples. The YouTubers
clearly show their conviction of the topic they present through
their argumentation and expressions of personal opinions. All
YouTubers nevertheless use an argumentation that also allows
other points of view. Gestures and facial expressions underline
the arguments and emotions, appropriate to the respective
situation and person.

The language and presentation in the videos, which are
familiar to young people, also make them easier to understand.
The dimensions of comprehensibility (simplicity, structure,
brevity, and stimulating features) are considered (to varying
degrees) in all three videos. A simple language with few technical
terms and a comprehensible structure is used. All videos are
shorter than 10min. Besides, an appealing visual design and the
integration of the scientific arguments into the everyday life of
young people support comprehensibility. Involving the audience
did not play a major role in the videos, but the viewers were
addressed directly, at least during the opening of the video and
the outlook at the end.

In all three videos forms of storytelling are present. Niklas
Kolorz makes the most use of storytelling by staging his video
as a date in a restaurant. Sissi Kandizora uses her own story
to convey the video’s message and emphasizes verbally how
important it is to her. Lastly, Dillan White takes the viewers on
his personal journey to discover the problem of plastic garbage at
Croatia’s beaches.

Reaction of Viewers—Comment Analysis
The views can serve as a first indicator for the reception of the
videos. The video of NiksDa received roughly 40% more views
than the average views on his channel. Both other videos received
considerably fewer views than the respective average views on
their channels (Typisch Sissi−60%, dillan white -80%).

At the same time all videos received considerably more likes
than dislikes on YouTube (seeTable 1).NiksDa’s video has a ratio
of about 33 likes to one dislike, while the ratio is for Typisch Sissi
at about 39 and for dillan white about 249).

FIGURE 2 | Categorization of viewer’s comments on the three case study

videos with respect to the topic choice.

In order to get a more in-depth impression of the reception of
the three videos by the viewers, a quantitative content analysis
of the comments, excluding comments by the Youtubers, was
conducted. Overall, the video by NiksDa received by far the most
comments (n = 1,039) followed by dillan white (n = 214) and
Typisch Sissi (n = 78). Although not equal, this ratio (13:3:1) is
roughly following the pattern of overall views for the three videos
(8:2:1) and the overall likes (15:5:1—see Table 1).

Discussions—indicated by replies to other comments—can
be found primarily in the comments to NiksDa’s and Typisch
Sissi’s videos. The former got 270 replies (26% of all comments
belonging to the video), whereas the latter got 19 replies—
a relatively low absolute number but nevertheless 24.4% of
the 78 comments to the video. The video of dillan white
only received.

Further analysis of the contents is focusing on three aspects:
topic choice, comprehensibility, and presentation style.While the
analysis is quantitative nevertheless some exemplary comments
are quoted to give the reader a better impression of the data.

Topic Choice
The topic choice is mentioned in between 23.3% (video_nd) and
47.7% (video_dw) of the comments to all three videosAlmost all
comments addressing topic choice are positive, appreciating that
the YouTubers picked up the topics (see Figure 2), exemplified
by the following comments:

“Very cool video and I think the message definitely got
across. And brave of you to make a video about this topic
because it is very controversial. Respect.” (Comment ID
Ugz89_wLH7xauE9_YS94AaABAg on video_nd)
“Wow mega exciting and important video, super informative,
a lot I did not know yet;-) I did not know the day yet
either! I think it’s great that you draw attention to this
topic and make me think about it:-) [. . . ]” (Comment ID
UgzOuYi4AD_upuT_1gx4AaABAg on video_ts)
“i just think it is so great of you to use the reach you have
to address such important issues thank you” (Comment ID
Ugy_ijFh-D7yKB-REfV4AaABAg on video_dw)
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FIGURE 3 | Categorization of viewer’s comments on the three case study

videos with respect to the comprehensibility.

Only the video of NiksDa also received a relevant small
amount (2.2%) of negative comments-−23 in total, whereas both
other videos only received one negative comment. This might
be attributed to the topic itself, with vegetarianism/veganism
directly influencing personal preferences and life decisions,
and thereby also causing emotional counter-reactions, as the
following exemplary comment illustrates:

“then eat salad and do not annoy everyone with the stuff”
(Comment ID UgysNL1OyvhJOsBzwIZ4AaABAg on video_nd)

This interpretation is corroborated by several comments,
which were not coded as negative with respect to the
topic choice according to the scheme, but which display
ironic or provocative wording regarding personal food choices
[e.g., “And now a big schnitzel or two” (Comment ID
UgzY5yFERXumqH3NjRB4AaABAg on video_nd)].

In contrast to previous studies (Shapiro and Park, 2015)
the comments primarily stayed with the topic focus of the
video, which might be explained with primarily followers of the
channels commenting and not people who found the video when
searching for a specific scientific or societal topic.

Comprehensibility
Comprehensibility is the aspect out of the three aspects analyzed
mentioned the least by viewers with only 6% of all comments
addressing it. The aspect is most commonly mentioned in the
video of Sissi Kandziora, with 18% of the comments there,
whereas for the other two videos only 6% (video_nd) and 3%
(video_dw) of the comments mention this aspect.

Also, here, if comments address the issue, they are primarily
positive like in the following illustrative quotes from the
comments on the three videos:

“Insane how you can put so much information into such
a good song much of it I didn’t know about it [. . . ]”
(Comment ID Ugx5VlaQaaaYHO-k5pF4AaABAg on video_nd)
“So great that you make so many videos about sustainability &

you never get the feeling that it must be very difficult ”
Comment ID UgxGd5qwQp3oBzKoaxh4AaABAg on video_ts)

FIGURE 4 | Categorization of viewer’s comments on the three case study

videos with respect to the presentation style.

“Great video, great content, explanations etc. [. . . ]”
(Comment ID Ugz6eQRHY_-5RXShERx4AaABAg on video_dw)

Only very few comments (0.75%) criticize the comprehensibility
of the videos and can be found—with one exception—exclusively
in the comments to NiksDa’s video. However, since the absolute
numbers of negative or negative in combination with positive
comments are even lower than for the topic choice, no further
conclusions can be drawn from that (see Figure 3).

Presentation Style
The presentation style is mentioned in 31% of comments to the
three videos, also here primarily positively. The aspect is mainly
found in the comments to video_nd (34%), followed by video_ts
(24%) and video_dw (22%) predominantly in a positive way:

“Important topic pretty well-presented.
Great song and just awesome <3”
(Comment ID Ugx-UHhrXsQ1wn7NQON4AaABAg
on video_nd)
“ Sooo a great video. Both on the information level, but
also incredibly aesthetic! Gladly more about the topic <3”
(Comment ID UgwFmbFUNEunazPRorB4AaABAg on video_ts)

“[. . . ] Your videos are totally awesome. Top you even
learn something! It’s good that you can also deal with such
topics and integrate them well into your videos. [. . . ]”
(Comment ID UgzcE1WzATDVHvCcsXB4AaABAg
on video_dw)

As for topic choice, also here the only exception is the video
of NiksDa receiving 2.3% negative and 3.3% negative as well as
positive comments (see Figure 4). This could be explained by the
fact that the overall concept as a music video is more unique
and contains more pronounced style elements and at the same
time is prone to judgments by aesthetic preferences of viewers.
The direction of the comments classified as negative supports this
interpretation—many address music flaws:

“Triple oscillator does not fit in and flow errors. Typical ‘youtuber
music”’ (Comment ID UgyLYSmsMpx_CQ0TFa94AaABAg
on video_nd)
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In summary, the comment analysis supports the impression one
gets when looking at the like-to-dislike ration: All three aspects
looked at—topic choice, comprehensibility and presentation style
were predominantly positively received in the comments when
mentioned. This indicates that the deviation from the channels’
usual topics did not undermined their authenticity.

Discussions in the comments—measured by the number of
replies to other comments and indicating a more thorough
examination of the content—could only be found in larger
numbers for NiksDa’s video and with lower absolute numbers
for Typisch Sissi’s video. This might be explained by the greater
controversy of NiksDa’s topic in contrast to the other two videos,
as well as, by the request for feedback at the end of both videos,
which is missing in dillan white’s case.

While we did not analyze the content of the discussion beyond
the three categories above, the coders gained the impression that
the discussion about NiksDa’s video focused on topical aspects
while the ones about Typisch Sissi’s video were more concerned
with the exchange of concrete tips—which would correspond to
the respective requests made by the YouTubers at the end of
the videos.

CONCLUSION

Summary of Results
In accordance with the results of previous studies (Breuer, 2012,
105 f.), this analysis corroborates the finding that authenticity
plays a central role in the presentation of science web videos,
especially when established YouTubers are presenting scientific
content that is not part of their regular repertoire. The YouTubers
of the three analyzed videos of the case study have selected
their topics in a cooperative approach with the team and
thereby presumably were able to select aspects according to their
authentic interest. In two of the videos, the YouTubers also made
explicit connections to their personal experiences and critically
reflected them (specifically fashion consumption and traveling).
Furthermore, each video was presented in an individual and,
thus, authentic setting, style and storytelling approach that fits
the respective influencer and the corresponding communities.
The three YouTubers used specific youth language only to a
limited degree and stayed with their usual everyday language.
In general, the language and structure of the videos are simple
and comprehensible, the included scientific arguments focus on
selected aspects and are tied to examples from everyday life.

The comments analysis shows that this approach in general
was successful at least to some degree. However, one has to
consider that only one out of the three videos reached more
viewers than the average viewers per video for the channel.
Still, the comments regarding the topic choice and presentation
style have primarily been positive with almost no criticisms
for all three videos, which suggests that the viewers of the
videos are a self-selected sample of the fans of the channels
more interested in the respective topic. The comprehensibility
of the videos was mentioned relatively rarely in the comments,
albeit predominantly positive, which is in line with a low-
threshold approach of science communication that does not put
information density upfront.

The overall results tie in with the results of an evaluation of the
previous project “DU HAST DIE MACHT” [YOU HAVE THE
POWER]. There the young people interviewed also praised the
authenticity and comprehensibility of the contributions, which
was important for all young people, regardless of the type of
school they attended (Besand et al., 2013, 84, 65f.). It also
became apparent that videos—especially those with individual
statements by peers—are more popular than texts, especially
among secondary school students (Besand et al., 2013, 61, 74).

However, the desire for a dialogue between scientists,
YouTubers and young people, which also was stated as a goal by
the project team, could not be realized in the campaign. While
the YouTubers were to a limited degree in a dialogue with the
young people through the commentaries, direct communication
between scientists and young people via YouTube comments did
not take place besides isolated instances. This was also expressed
as a point of criticism by the project team itself during the
interviews (TH). Discussions in the comments could generally
only be found for one of the videos.

In addition, it can also be concluded that solitary videos
on science and environmental topics within the channels of
influencers, as it was the case with the #EarthOvershootDay
campaign, are not sufficient to reach the target group lastingly,
which also the producers of the campaign have found (NK,
SK). For this it might be necessary to address the topic more
substantially (Humm and Schrögel, 2020, 10) as other influencers
have done on their own accord. One example is Louisa Dellert,
who started as a fitness influencer and now regularly addresses
politics, sustainability and environmental issues (Herrmann,
2020). While such a “transition” might bear the risk of losing
some of the followers who might dislike the changed scope
of topics, the marginal rate of negative comments regarding
topic choice in our sample somewhat mitigates this assumption.
Furthermore, the YouTubers themselves actively consider this
issue, as Sissi Kandziora stated in the interview: “I take the
viewers with me for many years and many know from the phase
when I did a lot of shopping and many also rethink through
my channel.”

Limitations of the Case Study
Although the findings of the case study analysis are in line with
theoretical expectations and previous empirical works, wider
reaching conclusions can only be drawn tentatively. Due to the
design of the study with a focus on the material and production
level, no information on the actual reception of the videos and
the effects on viewers (e.g., learnings, changes in opinion and
perspectives and impact on actual behavior) could be gathered
besides the limited comment analysis.

The socio-demographics and especially the educational
background of the actually reached audience could not be
assessed reliably. The interviews with the producers and the
analysis of the comments did not lead to any indications that
the audience differed from the typical channel audience of the
influencers, but there is also no verified information on the exact
composition of these typical audiences beyond the assessment by
the YouTubers themselves.
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Outlook
It would be a worthwhile endeavor for future studies to fill the
knowledge gaps listed in the limitations above: a more detailed
analysis of the actual audiences as well as a more detailed analysis
of reception processes and learning effects (short-term as well as
long-term including effects on behavior change).

Looking at the practical implications for science and
environmental communicators, our findings encourage
cooperation with influencers on social media to reach
new audiences beyond the proverbial choir. Although the
composition of the reached audience could not be empirically
assessed, it is a plausible assumption that non-scientific
influencers on YouTube (in contrast to specific science
influencers like Mai-Thi Nguyen Kim in Germany) have
a different—i.e., less academic—audience compared to the
channels of academic institutions. The general guidelines on
engaging with underserved audiences identified in an earlier
review can also be applied to this context: “Starting with
listening (1), reducing the distance (2), relevance for everyday
life (3), going where people are (4), cooperation (5), and
implementing long-term activities (7)” (Humm and Schrögel,
2020, 10). The missing sixth recommendation would be the
“openness paradox” (stating that mandating active participation
might build additional barriers), which seems less relevant for
existing online communities, such as followers of YouTube
channels, with an established discussion culture—another
advantage of working with influencers who already built a
community. Applied specifically to the online context, these
recommendations translate to: start with listening and do not just
assume interests and previous knowledge (1), choose accessible
channels, language and presentation style (2), relevance for
everyday life including societal and political participation (3),
choose established platforms [and keep an eye on TikTok (Hayes
et al., 2020)] (4), cooperate in an authentic partnership with
influencers (5), and establish longer (and mutually beneficial)
partnerships with communities and influencers (7).

Nevertheless, working with influencers is no “all-purpose
tool” with guaranteed success. This is illustrated by the below
average number of views for two of the three videos, which might
indicate that they did not resonate too well with the typical
audience of the channels despite the many likes and positive

comments on the videos. However, the comments as well as
the like ratio were predominantly positive. While the chosen
methods do not allow for any conclusions about how intensively
the viewers engaged with the video’s topics, the fact that a quarter
of the comments for two videos were replies, might indicate such
an engagement took part at least partly.
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With 1 billion watch-time hours per day, YouTube now plays a major role in

communication. Unfortunately, a large amount of misinformation is produced and widely

shared on this platform (Donzelli et al., 2018; Allgaier, 2019; Loeb et al., 2019). In this

paper, after providing a brief overview of the creation of science content on YouTube, we

particularly emphasize the importance of YouTube’s automated recommendations. We

then discuss the main challenges of making such recommendations aligned with quality

science communication.

Keywords: youtube, science communication, recommendation, algorithm, artificial intelligence, ethics

1. INTRODUCTION

“Without our science communicators to publicly inform, explain, teach, decode, counter
misinformation, and debate science matters many would remain in a space where they don’t
have [the] information they need, leading to poor choices being made at really crucial times,”
New Zealand Prime Minister Jacinda Arden asserted in July 2020 (LeBard, 2020). The COVID-19
pandemic is surely testing the importance of science communicators and, in many cases, the lack
thereof (Yong, 2020).

Our societies arguably face challenges of increasing complexity, from pandemic mitigation to
climate change, social inequalities, and mass surveillance. Despite this, some views opposing the
scientific consensus are proliferating at a concerning rate, and this includes various critical topics
such as climate change (Allgaier, 2019), cancer (Loeb et al., 2019), and vaccination (Donzelli
et al., 2018). Disturbingly, Johnson et al. (2020) fit a model that “reproduces the recent explosive
growth in anti-vaccination views [on social medias] and predicts that these views will dominate
in a decade.” The rise of misinformation, or simply the lack of quality information, seems to be
a major risk factor for our societies in addition to numerous other social-media-related issues,
such as online polarization (Tucker et al., 2018), anger pandemics (Berger and Milkman, 2012;
Fan et al., 2014), and loneliness (Hunt et al., 2018) to name a few. In this context, quality science
communication1 has arguably become critical for the future of humanity.

The diffusion of information is currently undergoing a major shift with the rise of online
platforms. According to a survey by Shearer and Gottfried (2017), around two Americans out of
three report that “they get at least some of their news on social medias.” In this paper, we will focus
on the particular case of YouTube mostly because of its scale. YouTube claims2 to have 2 billion
users, each with an average of 30 min of daily watch time. According to Lewis (2020), this adds up

1Defining quality science communication is one of the great challenges discussed in section 4. For now, it can be defined
as a science communication that nearly all viewers, with expertise in the topic discussed, would describe as quality science
communication.
2See https://youtube.com/about/press/.
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to more daily views on YouTube (6.8 billion views) than searches
on Google (5.9 billion queries). Through repeated exposure
(see Zajonc and Rajecki, 1969; Kahneman, 2011; Kramer et al.,
2014; Jackson, 2019), a vast fraction of the population seems
greatly under the influence of what YouTube exposes them to
on a daily basis (Lewis, 2018). To understand today’s science
communication, it thus seems critical to have at least an overview
of the science communication produced and shared on YouTube.
This will be the topic of section 2.

An important feature of YouTube is the central role played
by its recommendation algorithm, which suggests home page
videos, lists videos to watch next, and responds to YouTube
search queries. According to YouTube’s Chief Product Officer
(see Solsman, 2018), 70% of the views on YouTube result from
recommendations by the YouTube algorithm. This suggests
that this algorithm is particularly critical for the future of
communication on any topic. If the YouTube algorithm is
somehow tweaked to recommend quality science contents two
times more often than it currently does, then we might expect, at
a first order approximation, that quality science YouTube videos
will increase their reach by 70%; it is not clear, however, whether
second-order effects will decrease or increase this.

Interestingly, a 2019 survey by Shearer and Grieco (2019)
suggests that a large fraction of Americans are aware of this large-
scale impact of recommendation algorithms. Around two thirds
of surveyed individuals believe that social media companies have
“too much control over the news people see.” Given the stakes of
science literacy in the twenty-first century, as will be argued in
section 3, it might be urgent to demand that the algorithms that
control so much of the flow of information on social medias be
aligned with quality science communication, as argued by Hoang
(2020a).

Unfortunately, as discussed at length by El-Mhamdi and
Hoang (2019), such an alignment of recommendation systems
is challenging for both technical and non-technical reasons.
In section 4, we discuss several of these challenges, as well
as proposals to surmount them. In particular, we will defend
the need for expert-driven content recommendation like Hoang
(2020c), which builds upon the collaborative ethical design
framework proposed by Noothigattu et al. (2018) and Lee et al.
(2019).

2. A BRIEF OVERVIEW OF SCIENCE ON
YOUTUBE

The early 2010s saw the rise of numerous science YouTube
channels, such as Veritasium, Smarter Every Day, Numberphile,
CGP Grey, Minute Physics, and ASAP Science among numerous
others. Since then, thousands of channels have grown, some
of which now have over 1 million subscribers. A few of
these channels, such as SciShow or Mark Rober, have received
over 1 billion views in total. However, most science YouTube
channels remain small, with apparently a heavy tail of very small
channels (Blanchard et al., 2018). Most successful channels seem
mostly supported by in-video advertisement, YouTube’s added

advertisement, crowd-funding, and derived products such as
books or goodies.

However, several channels have been supported or launched
by organizations. The Public Broadcasting Service (PBS) Digital
Studio hosts Crash Course, Physics Girl, It’s Okay to Be Smart,
PBS Space Time, PBS Infinite Series, and PBS Hot Mess,
while specific series within channels, like Mind Field, Planet
Slow Mo, The School of..., Could You Survive the Movies?,
and Sleeping with Friends, are supported directly by YouTube
itself. A few journalistic organizations also produce consistently
successful science videos, like Vox, Wired, and Seeker, while
other institutions like NASA, theWorld Heath Organization, and
the National Science Foundation have a less consistent success.
Recordings of lectures or talks, published by foundations or
institutes like TED or MIT OpenCourseWare, also have a large
variance in terms of success. A few videos exceed 1 million views,
but most have less than 1,000 views.

Successful videos cover a wide range of topics from theoretical
physics to social sciences. Perhaps more surprisingly, they
also cover a wide range of technical levels. Remarkably, The
hardest problem on the hardest test, a video by 3Blue1Brown,
has received over 7 million views, while The Banach–Tarski
Paradox by VSauce had over 29 million views, even though
these videos present the proofs of high-level mathematics. In
fact, some channels like Two Minute Papers (with nearly 700,000
subscribers) are devoted to research publications.

A survey by Beautemps and Bresges (submitted) yields
greater insight into the audience of science YouTube videos.
According to the survey, most viewers of a selection of German
science YouTube channels are young, between 13 and 24, and
overwhelmingly male (88%). Around 60% of viewers are not
studying natural sciences (10% provided no answer), but around
85% of them have an interest or a strong interest in natural
sciences. Science videos seem to currently fail to attract viewers
with little prior interest in science.

Arguably, in terms of views, subscribers, and engagement,
the most successful format consists of a presentation by a
host, with multiple illustrative images accompanying the hosts’
explanations. The host often speaks directly on camera, though
they are sometimes completely off camera. There is often a single
host, or at least a main host, who may then feature extracts
of interviews of experts (Welbourne and Grant, 2016). One
notable exception is the format of Periodic Videos, Objectivity,
and Computerphile, among others, where the host is secondary,
and the explanations are essentially provided by a given expert.

Having said this, many other formats can be successful
as well, including lectures, media conferences, and interviews.
In particular, in more recent years, podcasts in the form of
discussions between hosts, with or without guests, have gained
importance, on channels like Hello Internet, Mindscapeand ,
Lex Fridman. Finally, there are interesting artistic takes on
sometimes very rigorous science, for instance on Epic Rap
Battle or acapellascience. Perhaps most iconic in this regard
is a collaboration between Vietnamese health authorities and
Vietnamese artists to alert the population of the COVID-19
risks. This resulted in the song Ghen Co Vy that had over
67 million views on YouTube alone (the song has been viral
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on TikTok too, and it has been remixed in many ways on
numerous channels).

3. THE NEW BOTTLENECK FOR SCIENCE
COMMUNICATION

On March 11, 2020, the World Health Organization
characterized COVID-19 as a pandemic. Shortly afterwards, an
extraordinary collaboration of 39 French science YouTubers
collectively produced and published the same Creative-
Commons video, entitled “Coronavirus: Chaque JOUR compte3”
and released on March 14, which urged viewers to physically
distance themselves from one another and, if possible, to stay
home. The video obtained a total of half a million views on at
least 28 channels4.

It is quite remarkable that the equivalent of nearly 1% of
the French population watched this video, which was produced
for free by a large group of volunteers. Nevertheless, the fact
that this video did not reach a lot more users can be seen as
a missed opportunity. Given that the video was released at the
heart of the exponential spread of COVID-19 in France, Hoang
(2020b) estimated, based on very rough calculations5, that the
video might have saved around 10 lives. But if the video made
10 million views, then perhaps hundreds of lives would have
been saved.

This example highlights a critical feature of science
communication. It is not sufficient for quality content to
be accessible. For the content to actually be impactful—to, in
this case, save many lives—it also most importantly needs to
be accessed. In fact, nowadays, at least for some topics, the
bottleneck of science communication is arguably no longer the
production of quality contents, especially on widely covered
topics, such as vaccination, climate change, and scientific
methods. More often than not, the bottleneck has become the
large-scale promotion of top-quality content.

In this context, especially on YouTube, one entity is
overwhelmingly more influential than anyone else. This entity
is YouTube’s recommendation algorithm. Recall that two views
out of three on YouTube result from the choice of a video
to recommend by this algorithm. The algorithm can easily be
designed so that a particular videomakes 10million views instead
of half a million. Unfortunately, thus far, especially for outsiders,
not only the algorithm is mainly a black box but so is so much
of what is happening on the platform. More transparency seems
critical to better understand the impacts of YouTube on society,
and what can be done to avoid the nasty side effects of the
platform (Taylor, 2020).

More generally, the flow of information is perhaps what
shapes our societies themost in terms of economy, science, public

3Coronavirus: Each DAY counts.
4The author of the present paper is one of the participants of this massive
collaboration.
5Essentially, the model assumed that only half of the population was prudent, that
prudence reduced R from 2 to 0.8, that 80% of the viewers were prudent, and that
the video convinced half of imprudent viewers to be prudent. It then projected
an exponential growth over 8 weeks. The projections should be taken with a huge
grain of salt, as the results are unfortunately very sensitive to the parameters.

health, politics, activism, daily habits, and beliefs. What entity
controls the flow of information the most? Arguably, this entity
is no longer a human; YouTube’s algorithm is arguably the entity
that controls the flow of information in the world the most. As a
result, the future of science communication seems to be, by and
large, in its hands.

4. THE CHALLENGES FOR ROBUSTLY
BENEFICIAL RECOMMENDATIONS

Following the COVID-19 crisis, on June 11, 2020, YouTube’s
CEOWojcicki (2020) announced on YouTube’s official blog that,
among other things, YouTube is consulting the World Health
Organization and local health organizations on a regular basis
to combat “harmful medical misinformation”. Wojcicki (2020)
claims that, as a result of this, 200,000 videos were removed
from YouTube.

While this cooperation is arguably a great news, it is
noteworthy that the focus seems to be mostly on removing
misleading, abusive, and hate contents. Unfortunately, such
removals are often described as censorship by critics. In fact, there
may be a reasonable fear that such removal decisions may fuel
some conspiracy theories that already contest current authorities.
This may be all the more the case when the author of the removed
content is a major political figure, as in the case of the removal
of President Trump’s claim that children are “almost immune”
to COVID-19 (see Culliford, 2020). More generally, content
removal seems to be associated with high risk of backfire effects
(Nyhan and Reifler, 2010; Trujillo et al., 2020).

Perhaps rather than a spectacular binary decision to remove
misleading contents, a more nuanced solution could be to
downgrade the recommendation rate of more problematic
contents. Interestingly, in an interview by Sandlers (2019), Tessa
Lyons, Facebook’s Product Manager in charge of news feeds,
says that Facebook used to only remove content that violated
the platform policies, such as pornography, hate speech, and
graphic violence. However, they found out that users were then
seeking to post the most extreme content just below the removal
threshold because such content was a lot more likely to go
viral. Now, Lyons says, Facebook rather makes sure, using its
recommendation algorithm, that contents that approach the
removal threshold are widely de-recommended. Interestingly,
this also incentivizes users to produce less extreme content.
Arguably more research into the effects of de-recommendation,
as opposed to content removal, is needed to better understand
which strategy is preferrable.

But perhaps Facebook’s approach is not going far enough.
Recommendation algorithms have the potential to shift the
battlefield of the economy of attention (Franck, 2019), where
every user, influencer, advertiser, activist, web platform, and
politician competes for the attention of their audience. These
days, this battlefield is arguably mostly dominated by those who
invested the most in hacking social media algorithms and user
attention, often with clickbait, divisive, and addictive contents
(Tufekci, 2017), and intent toward financial or political profit.
Robustly beneficial recommendation algorithms could not only
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help to fight harmful contents; they could also make sure that
the top-quality content will not be drowned in an ocean of
sensationalism (Jackson, 2019). In fact, these days, the main
misinformation may not be misleading information but rather
the prevalence of unimportant information.

“In the past, censorship worked by blocking the flow of
information,” Harari, 2016 argues. “In the twenty-first century,
censorship works by flooding people with irrelevant information.
People just don’t know what to pay attention to, and they often
spend their time investigating and debating side issues.” The
more important news that fail to reach a large audience are
sometimes known as mute news. The lack of attention to such
mute news may be a greater concern than the presence of fake
news (Rosling et al., 2018). Yet, to solve the problem of mute
news, removing bad apples will be useless. What should perhaps
be done, instead, is to identify top-quality content and flood
YouTube with a stream of this content.

Evidently, one critical challenge will be to convince YouTube
and other social medias to adopt such a strategy. This will not be
easy. After all, it will likely at least partly conflict with companies’
current desire to maximize user retention (Franck, 2019). Social
pressure, and probably regulation, will likely be critical to get
there. Interestingly, however, such companies seem to be giving
increasing attention to the ethics of their recommendations even
though this attention remains arguably largely insufficient (Nicas,
2020). Perhaps more importantly, reliable and scalable solutions
to identify quality content are still lacking, which makes the
advocacy for their implementations very difficult.

In fact, identifying top-quality content is a challenging
endeavor in itself. For one thing, it seems important to
acknowledge that even science communicators will disagree on
the definition of what “quality content” is and thus onwhatmakes
content worth sharing.

Clearly, the reliability of the information presented by the
content is a key feature. Surely, like quality scientific publications,
quality science communication should be accompanied with
reliable sources and should present the scientific consensus if it
exists. Quality content should be transparent about the methods
used and should perhaps also share the data it has relied on. But
this is arguably far from being the only thing that matters.

As discussed earlier, it seems at least as critical to
prioritize contents that address important topics. Reliable
content on some anecdotal event is usually not the most
urgent content to be shared on a large scale. Perhaps
more interestingly, the effect size of an idea discussed in
a content should also be taken into account. For instance,
in terms of environmental impact, content arguing for local
food consumption may not be as important to promote as
a content arguing for the reduction of meat consumption
(see Weber and Matthews, 2008; Ritchie and Roser, 2020).
Unfortunately, fully agreeing on what is important is likely
hopeless. Voting methods are probably critical to reach
any agreement.

But this is not all. Arguably, quality content should also be
extremely pedagogical rather than superficial or dogmatic. In

fact, Muller (2008) showed that even correct and seemingly
pedagogical videos in physics can fail to reliably teach concepts
to viewers. Worse, such content may increase the viewer’s self-
confidence even when the viewer’s prejudices are contradicted by
the video. Overall, it seems critical to further investigate what
makes pedagogical videos effective and to make sure that the
results of this research are taken into account to promote videos
that really have a strong positive impact.

There are still other features that may also seem critical
to identifying the videos worth sharing. A top-quality video
should arguably also be engaging. In fact, it seems desirable that
it presents science enthusiastically, raises numerous questions,
points to further contents, promotes intellectual humility and
triggers genuine curiosity (Davies, 2019). In fact, the evidence
collected by Kahan et al. (2017) suggests that scientific curiosity
is a critical trait to fight politically motivated reasoning.
Additionally, quality content should probably also minimize
the risks of backfire effects, such as viewers increasing their
confidence in their biased views (Taber and Lodge, 2006).

At this point, it seems clear that the content produced by
recognized authorities, like the World Health Organization, are
not always the contents that should be promoted in priority. The
YouTube ecosystem hosts millions of videos designed by science
communication talents. It would probably be greatly suboptimal
not to recommend these videos.

Unfortunately, identifying these videos in the ocean of
YouTube content is an extremely challenging task. Recently,
the Tournesol framework has been proposed by Hoang (2020c).
Tournesol aims to query experts to collect data on what experts
regard as quality content according to the different features
we discussed. More precisely, it asks any user from a trusted
institution (universities, health agencies, NGOs, etc.) to register
on the platform by confirming their certified email address. The
user is then regarded as an expert by the platform. The expert
is then asked to select any two videos of their choice and to say
which video is more reliable, which is more pedagogical, which
is more important, which is more engaging, and which is more
resilient to backfire risks. Note that since Tournesol only aims
at identifying quality content, it need not be exhaustive about its
video reviewing process.

Tournesol then leverages a machine learning model inspired
from Bradley and Terry (1952) to infer what scores the expert
would assign to the videos they rated for different quality features.
Tournesol then aggregates the scores from different experts using
a median-like operator, akin to majority judgment (Balinski and
Laraki, 2011). The global scheme is a collaborative computable
ethics design inspired fromNoothigattu et al. (2018) and Lee et al.
(2019). Users that search contents can then adjust the importance
they give to the different quality features, to obtain personalized
recommendations. Perhaps this framework, which needs further
research to optimize, may pave the way toward more robustly
aligned recommendation algorithms6.

6At the time of writing, the platform is still being developed. It will be available,
however, on https://tournesol.app.
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5. CONCLUSION

In this paper, we stressed the importance of science
communication for the future of our societies. We also
argued that today’s main bottlenecks to science communication
are the social media platforms’ recommendation algorithms and
YouTube’s in particular. We discussed the challenges posed in
trying tomake the YouTube recommendation algorithm robustly
beneficial, and we also touched on a currently investigated path
to partially solve these challenges. We are facing a challenging
endeavor. But, as argued by El-Mhamdi and Hoang (2019), this
great endeavor may be viewed above all as a fabulous endeavor.
After all, it boils down to answering what is arguably the most

central question of science communication: What is quality
science communication?
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With the emergence of the Internet, social media and video platforms are gaining

considerable influence on the traditional media landscape in general and on science

communication in particular. This has changed the role of science journalists as

gatekeepers because many platforms are based on a participatory culture, in

which passive consumers can become active participants. In addition to scientists,

non-scientific actors also act as experts and participate in the communication process

between science and the public. In contrast to the relevance of YouTube for science

communication there is a lack of research focusing on the questions of how internet

users receive YouTube videos to acquire information about science, how successful

audiovisual media function in knowledge transfer, and what effects it has on the epistemic

regime of a society. Therefore, this study combines a discourse analysis with the aim

to create a typology of YouTube videos—the independent variables—and an audience

study for investigating knowledge transfer—the dependent variables. In the first step, this

article presents the results of a systematic analysis and categorization of 400 German

science videos, from which four types of audiovisual science communication on YouTube

were derived: presentation films, expert films, animation films, and narrative explanatory

films. In order to clarify how powerful these new forms of science communication are

in terms of knowledge transfer, attitudes, and trust toward the presentation of science,

a discourse analysis of the videos is combined with a multi-level reception study and

an online survey. The reception study included eye-tracking to investigate the allocation

of attention and two different methods of knowledge tests (recognition and recall) of

which the multiple-choice test was also applied in the online survey. The results show

that the type of video has an important impact on knowledge transfer and para-social

effects. One of the central results of the audience study is that the videos’ gaze guidance,

the recipients’ allocation of attention, and the results of knowledge testing are closely

intertwined. The correlation of data from eye-tracking and the two knowledge tests prove

in principle that the more homogeneous the gaze patterns of the recipients are, the better

they score in the multiple-choice test as well as in the concept mapping test.

Keywords: science communication, multimodality, YouTube, reception study, knowledge transfer
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INTRODUCTION

Already in 1985, the Royal Society demanded “more science in
the media” in the context of the program “Public Understanding
of Science” and recommended to promote scientific issues using
all available media channels like broadcast programs, newspaper
articles, news programs on the radio, drama series, children
programs or popular science books (The Royal Society, 1985,
p. 21–23). Disseminating science issues in online videos and
particularly in YouTube videos can be viewed as a continuation
of this program’s intention to promote “awareness of the nature
of science and, more particularly, of the way that science and
technology pervade modern life” (The Royal Society, 1985, p.
5; see also: Hallman, 2017) via media. Since then, various new
formats for science communication have been developed in all
media, like TV shows, documentaries, science (fiction) novels
or even science comics (see Bucher and Boy, 2018). The basic
tension between the respective media logic on the one side and
intentions and standards of science on the other side (Schäfer,
2017; Bucher, 2020), which characterizes all these enterprises,
also affects the presentation of science in different YouTube
formats. The processes resulting from these tensions between
science, media and the public have been investigated in detail on
an abstract level and were coined as mediatization (Rödder and
Schäfer, 2010; Weingart, 2012; Bucher, 2020). Correspondingly
in the case of YouTube videos the question arises how the
“cultural and commercial infrastructure” of YouTube as a
multichannel platform (Lobato, 2016) influences the quality
of science communication. According to the approaches on
mediatization, the following study focuses on the impact of
typical YouTube features like audiovisual genres and discourse
structures on the transfer of scientific knowledge. Despite a
long-lasting debate about the concept of “public understanding
of science” (Bucchi, 2008; Schäfer et al., 2020) the approach
of investigating science communication on YouTube using a
reception study is guided by the basic idea, that individuals’
understanding of science is antecedent to public understanding
of science. Applying the concept of media appropriation (Bucher
and Schumacher, 2006) to the analysis or reception processes
designates the shift from a top-down public understanding of
science model to an interactive and constructivist model of
science communication and knowledge transfer.

The increasing relevance of social media and video platforms
for science communication and its participatory culture
(Minol et al., 2007; Brossard, 2013; Neuberger and Jarren,
2017) has a considerable impact on the publication and
dissemination of scientific content. First, the communication of
scientific knowledge by scientists, research institutes, research
organizations, and universities has become stepwise independent
of traditional media. In addition to scientists, in online-
communication non-scientific actors are also acting as experts
and actively participate in the communication process between
science and the public (Nisbet and Scheufele, 2009; Lo et al.,
2010; Lobato, 2016; Welbourne and Grant, 2016). The range
of videos on YouTube on scientific topics is correspondingly
diverse, including channels operated by scientific institutions,
universities, research institutions, or so-called “YouTubers,” as

well as classic science journalism programs, filmed lectures and
talks. The multitude of videos and actors confronts the recipients
with the question which sources of information are trustworthy,
reputable, and objective. Especially the “passionate amateurs,”
as Welbourne and Grant (2016) call them, who neither work as
journalists nor scientist, but as “YouTubers” are actors who are
gaining followers (de Lara et al., 2017, p. 14–16). Given these
delimitations of science communication via social media, the
fundamental question arises as to whether this newly created
communication space represents a democratic transformation
of science communication from a distribution model to a
participation model (see Gibbons et al., 1994) or whether we are
dealing with an erosion of a traditional epistemic order (Schäfer
et al., 2020). Despite a growing number of publications on online
science videos (see inter alia Allgaier, 2016; Erviti and Stengler,
2016; Geipel, 2018; León and Bourk, 2020; Rosenthal, 2020),
there is hardly any research on the reception processes triggered
by the audiovisual modality of these videos.

The addressees’ contact with the stimulus determines the
success, efficiency, and sustainability of science communication.
Thus, the reception of science communication is the starting
point of this study. It examines how recipients consume
videos on scientific topics, their knowledge acquisition, and
how they evaluate the videos using various methods. The
project takes three main steps: First, audiovisual material,
distributed on YouTube and television online media centers,
is collected and systemized to establish a typology of video
formats based on a grounded theory approach. The identified
video types are the starting point for the second research
step, encompassing several reception study methods, including
eye-tracking, questionnaires, interviews, and knowledge tests.
This combination of product and reception analysis ensures
that the results can be used as a basis for the optimization
of the production of audiovisual science communication. In a
third step, the consecutive postings of YouTube videos were
analyzed using conversation analysis methods to get more
insight into the appropriation of audiovisual content and the
rationality or emotionality of scientific discourses triggered by
a video. Investigating the interaction in YouTube’s comment
space is a prerequisite for developing strategies to moderate these
discourses enabled by social media’s participatory potentials.

LITERATURE REVIEW

Since the advent of visual media in the first half of the
nineteenth century, science communication was one of the first
domains of public discourse to benefit from what Jonathan
Crary called “the mass visual culture of the nineteenth century”
(Crary, 1990, p. 16). The adoption of visual media like Laterna
Magica, woodcarving, photography and film was motivated by
the conviction that visualization has the potential to enhance
the communication between science and the public (for details:
Bucher, 2020). The career of YouTube and in general online
videos is just another chapter in this history.

According to a national survey in Germany (Koch and
Beisch, 2020) online video is one of the most dynamic and
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fastest growing area of the Internet. Eighty-three percent of
the German population watch online videos regularly, whereas
for persons younger than 30 years, online videos are even
more popular than television (for international data see: León
and Bourk, 2020, p. 9–11). The most prominent platform in
Germany for watching online videos with the highest reach
in comparison to streaming services (47% of the German
population) and media centers (57%) is YouTube (65%). As
a bandwagon effect of this development, online videos in
general and YouTube, in particular, has become “a powerful
tool to communicate science and technology to the general
public” (León and Bourk, 2020, p. 2; see also: de Lara et al.,
2017). This growing relevance of online videos and particularly
YouTube for science communication has triggered increasing
research activities focusing on content, authorship, epistemic
quality and impacts on science communication. The most
common approaches are case studies investigating, for example,
participatory aspects of YouTube (Erviti and León, 2016; Dubovi
and Tabak, 2020), the role of YouTube videos for internal
science communication (Kousha et al., 2012), the coverage of
controversial issues like climate change or vaccines (Shapiro
and Park, 2015; Allgaier, 2016, 2019; Donzelli et al., 2018;
Erviti et al., 2020), the role of user comments for the scientific
discourse of lay-persons (Heydari et al., 2019; Christ, 2020;
Dubovi and Tabak, 2020), the motivations for watching science
videos on YouTube (Rosenthal, 2018) or the differences between
user-generated content and professionally generated content
(de Lara et al., 2017). Besides these case studies, there are
already some publications which put the single results in a
nutshell by drawing some general conclusions for example
on the benefits and drawback of this new media landscape
(Rosenthal, 2020), on the danger of an erosion of the epistemic
order of society (Neuberger and Jarren, 2017) or they discuss
the impact of online videos on the transformation of science
communication and the image of science and scientists (Bourk
and León, 2020, p. 117–123). Particularly the publication of the
international research project “Videonline” (León and Bourk,
2020) summarizes research results from different countries,
giving an overview of investigations on several relevant aspects of
online science videos including a classification of online science
videos (Davis and León, 2020; García-Avilés and de Lara, 2020) or
a discussion of criteria for the epistemic qualities of online videos
(Francés and Peris, 2020). Despite the broad spectrum of issues,
this comprehensive publication does not contain any empirical
results on the reception of science videos and knowledge transfer.

Based on an analysis of English-language videos on 39
YouTube channels Welbourne and Grant (2016) examine
which factors contribute to the distribution and reputation of
science videos and channels. Differentiating between professional
content from commercial media organizations and content
published by amateurs (User-generated content), they conclude,
consistent with other studies (de Lara et al., 2017; Davis and
León, 2020), that amateurs’ channels generate more views and
are subscribed to more often. The study explains this success by
the fact that amateurs often act as communicators themselves,
presenting their content creatively and authentically, and in an
informative and entertaining way (Welbourne and Grant, 2016,

p. 707). As Morcillo et al. (2016) noted in their study of 190
popular science YouTube videos, a professionalization of user-
generated content has already taken place. They analyzed the
videos in terms of narrative structure, video editing, settings,
montage, sound, special effects, etc. and find a high variation in
genres and sub-genres, a high degree of complexity in montage
and narration and a high expertise in storytelling (Morcillo et al.,
2016, p. 22).

An interesting object of comparison for our study is the
very detailed classification of online videos proposed by de Lara
et al. (2017), which consists of 18 video formats divided into
a group of television formats and a group of web formats.
The classification is based on a sample of about 300 videos
addressing the issue of climate change, which had been processed
by a google search. Therefore, this classification differs from
the typology proposed in this article in several respects, making
it even more difficult to compare them. One reason for the
differences stems from the diversity of the samples. Our sample
of about 400 videos is, in some way, manifolded as it is not
subjected to a special issue of science. In another way the
sample is more restricted as it only contains videos in German
language disseminated on YouTube channels. A second reason
for the differences between the two classifications comes from
our typology’s theoretical foundation which is based on and
legitimated by a general theory of multimodal discourse. Hence
the classification criteria are inferred on the one hand from
theoretical concepts of multimodality and on the other hand
bottom-up from discriminating features of the videos contained
in the sample (see chapter 3.1).

A systematic analysis of German web videos on science
is still pending. Hence a classification of YouTube videos
is the starting point of the presented project. Based on a
systematic categorization of science videos, the project intends
to investigate the connections between the video types and
their typical features like modal orchestration on the one
hand and the reception process and knowledge transfer on
the other.

A systematic analysis of the scientific content uploaded to
YouTube proves difficult: An exact quantification of existing
channels on scientific issues is almost impossible because the
platform is continuously changing (channels are deleted, new
ones are added), and YouTube’s algorithms for categorization
and recommendation are being adapted. This was compensated
by sampling the videos on different devices, in private mode
and with empty cache. Another problem of the YouTube
platform is that it is not a “curated moving image archive”
(Allgaier, 2016). Therefore, users cannot be sure whether what
they find on YouTube is scientifically authorized information.
YouTube’s algorithm prompts users to watch quite different
videos depending on their past behavior. It also depends on how
many likes a video has received. A highly rated video is more
likely to be displayed on a user’s home page than a video with no
likes and few views. By systemizing vaccination videos, Allgaier
(2016, p. 21) found that most of the information contradicts
the scientific consensus and that those videos deviating from
established medical knowledge also receive the most likes
from users.
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According to the complex and multilevel research design
the study refers methodologically to a broad spectrum of
theories and approaches: besides eye tracking methodology
(Holmqvist et al., 2011) theories of multimodal discourse are the
background of a classification of YouTube videos (see Bucher,
2017), theories of attention and knowledge transfer are used
to interpret eye tracking data (Neumann, 1996; Bucher and
Schumacher, 2006; Wolfe, 2015; Fairweather and Montemayor,
2017) and conversation analysis is applied for analyzing the
user comments (Hutchby and Wooffitt, 2008; Herring, 2010;
Clayman and Gill, 2012). For comparing the concept maps with
regard to their epistemic value they are defined as cognitive
networks—consisting of concepts as knots and relations as edges
(Schnotz and Rasch, 2005; Schnotz, 2014)—and analyzed with
tools and methods of network analysis (Wasserman and Faust,
1994; Scott, 2000). A key factor in knowledge transfer is the
recipient’ attention to a stimulus—a video, a text, a graphic
(Fairweather and Montemayor, 2017, p. 27 ff.). Besides its double
function to select the relevant aspects of a stimulus and to
combine the selected elements in the process of meaning making
(Neumann, 1996; Wolfe, 2015) attention is similarly intentional
and unintentional: it can be bottom-up stimulus-driven or top-
down recipient-driven when it is “paid” to particular cues of
a stimulus (Bucher and Schumacher, 2006). According to an
interactional paradigm of media reception, both directions of
attention are justified (Duchowski, 2003, p. 12–14) why the
architecture of the study comprises both: a systematic analysis of
the stimuli—the Typology of YouTube videos—and the tracking
of the reception process via eye tracking and knowledge tests.

TOWARD A TYPOLOGY OF SCIENCE
VIDEOS

Materials and Methods
Since a comprehensive analysis of German science videos is
missing as well as a typology of films and providers, several
hundreds of videos were examined, and a corpus of 400 videos
was compiled. In the social sciences, typologies, and classification
are regarded as fundamental tools of empirical research and as
an intermediate between qualitative and quantitative approaches
(see Lazarsfeld, 1937). The criterion for selecting a video was
that it has to deal with information coming from scientific
research and/or focus on the research’s methodological process.
Videos by scientific institutions (universities, research institutes,
etc.), and non-expert persons are part of the study. So-called
instructional videos or tutoring videos, which present school
and university teaching material, were excluded, as they aim to
impart general knowledge rather than scientific—information.
In addition, filmed lectures and talks (e.g., TED Talks) were
not included, as these are not formats that were produced
specifically for publication on YouTube. Although there is
not a clear-cut distinction in any case, the videos in the
corpus have to exhibit a kind of news value and journalistic
features, whereas educational videos normally contain already
well-known information. In contrast to ad-hoc typologies
based on a bottom-up study of a special number of videos

(for example: de Lara et al., 2017; García-Avilés and de
Lara, 2020) or overall features of communication (Rosenthal,
2020), our approach is rooted in a theory of multimodal
discourse (Bateman and Schmidt, 2012; Bateman, 2014; Bucher,
2017). YouTube science videos are seen as well-organized
multimodal arrangements consisting of a variety of visual and
verbal modes like stills, moving images, text, spoken language,
sounds, animations, graphics, etc. which is a much more
complex system of communication than text only (for basic
information see: Kress, 2012). This theoretical background
makes sure that the categories of a typology are well-founded
and systematically interconnected. The most basic categories
like “main function” (Description, Argumentation, Explanation,
Portrayal etc.), “functional elements” (Amination, Off-comment,
Interview, experiment etc.), “form of presentation” (Intro, Outro,
Inserts, Fast motion, Slow motion), “intermodal relations”
(Visualization, Illustration, Accentuation, Foregrounding etc.),
and “modal orchestration” (text-image-relation, sound-image-
relation, image-image-relation etc.) are rooted in a functional
theory of communication which looks at multimodal discourse
as a form of complex communicative action and mutual
coordination (Bateman, 2014; Bucher, 2017). This multi-layered
system of categories allows a complex classification of online
science videos in which the criteria are hierarchically organized
undmutually discriminating. Applying this conceptual apparatus
to a systematically compiled corpus leads to a typology of four
basic genres of science videos each of which is assumed to trigger
special reception patterns and in particular patterns of knowledge
transfer. It is the basic idea behind this study’s architecture to
discover the regular relations between the features of the science
videos and the reception process mirrored in gaze distribution,
attention allocation and knowledge transfer. Genres or formats
considered as “the cornerstones of the media logics” (García-
Avilés and de Lara, 2020, p. 26) play a double role in media
communication: they are an orientation in media production if it
comes to accomplish communicative intentions and adaptability
to the audience. And they are also orientations for the addressee
as they trigger their expectations and organize the reception
process. In so far, the classification of science videos in four
different genres is a precondition for analyzing the reception
process: the unique features of the formats and the differences
between them can serve as basic factors for explaining differences
in informational selection, gaze distribution, attention allocation,
and knowledge transfer. Formats or genres of science videosmust
be considered idealized prototypes that often appear as hybrids
or mixtures of audio-visual elements from different formats. But
the experience from analyzing about 400 of science videos teaches
that it is possible to assign each video to a special genre by
grading the different categories of which the functional ones are
the most important.

For collecting the videos, a kind of snowball sampling
was applied: the footage of a prominent YouTube channel
served as the starting point for searching for other channels.
Furthermore, German keywords such as “Wissenschaft”
(“science”), “Forschung” (“research”), or “Sozialwissenschaft”
(“social sciences”) were used as search terms on the YouTube
platform. Besides the keyword-based retrieval, videos were

Frontiers in Communication | www.frontiersin.org 4 December 2020 | Volume 5 | Article 608620118

https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


Boy et al. Audiovisual Science Communication on TV and YouTube

collected that were recommended on the editorially supported
platform SciViews and the Fast Forward Science Competition’s
homepage—a competition for science videos. SciViews editors
select web videos that they consider “journalistically, content-
wise or aesthetically valuable [,] worth seeing or simply
entertaining” and review them. The web video competition
Fast Forward Science invites students, researchers, interested
laypeople, and science communicators to submit their video
productions as part of a competition. In addition, videos from
media companies (e.g., from the channel Terra X Lesch & Co
or content by funk) produced specifically for publication on
YouTube were also considered to cover the area of professionally
generated content. The corpus also includes videos on the bases
of the participatory recommendation system of YouTube (cross-
promotion). Methodologically, the study follows the principles
of theoretical sampling as developed within the framework
of grounded theory (Glaser and Strauss, 1998). During the
encoding process, the data were continuously compared
(“constant comparative method”) to work out differences and
similarities between the videos. This constant comparison leads
to the generation of theoretical properties and categories (Glaser
and Strauss, 1998, p. 112). The categories are defined based
on a comparative analysis of the phenomena occurring, in this
case, the videos. The characteristics of the different videos were
worked out using multimodal discourse analysis and classified
according to criteria of multimodal orchestration (Bucher, 2017):
how many modes are deployed to compose audiovisual scientific
content and what is the primary function of the multimodal
orchestration. On the baseline of this theoretical approach,
detailed coding of the 400 science videos was conducted in turn
to improve the coding criteria (see Glaser and Strauss, 1998)
which are:

• General information: title, channel name, number of
subscribers, views, number of comments, length of the video

• Communicator information: expert, layperson, institution
• Actors appearing in the video: scientist, journalist,

interview-partner
• Modes applied in the video: moving image, spoken language,

written text, photos, charts, music, animation, etc.
• The primary function of the video: informing, explaining,

portraying, narrating, demonstrating, entertaining, etc.
• Sub-functions of single video sequences: illustrating, arguing,

visualizing, labeling, asserting, etc.
• Film design: intro, outro, cuts, montage elements,

experiments, laboratory images
• Topics and scientific disciplines.

Based on the categorization of 400 videos in the corpus, a
typology for science videos was developed according to data-
related (inductive) and theory-based (deductive) categories. The
sampling was continued until no video appeared which could
not be classified. Therefor the sample is complete, and the
classification saturated in the sense of a Grounded Theory
(Saunders et al., 2018). The typology of video genres serves
two purposes: firstly, the typology should show how audiovisual
formats have developed under digitization conditions. Secondly,
the survey is the basis on which the science videos are selected

for the reception study investigating knowledge transfer (see
chapter 4).

Results: A Typology of Science Videos
Four basic types of science videos were identified based on
the multimodal analysis of the videos. Two of the genres, the
expert film, and the narrative explanatory film, are classical TV
genres from science programs; the other two, the presentation
film and the animation film, are typical YouTube genres that
also appear on channels with different topics. Most of the
videos in the entire corpus were professionally produced. Many
apply different editing techniques and have their own intro and
outro sequences and their channel logos. They are multimodal
compositions, most of which contain spoken language, moving
images, visualizations and elements of digital editing and design.
The analyzed videos are, on average, about 5min long. Most of
the videos (214) were not produced by actively researching or
teaching scientists or scientific institutions. In the following, the
four different genres of science videos are briefly characterized.

Presentation Film
The classical lecture and the scientific lecture are precursor
formats of this type. The lecturer/communicator is often seen
in a medium closeup shot (talking head), talking directly to the
camera and addressing the audience. The presentation can also
take place in dialogue with two presenters. The presentation film
focuses on a somewhat restricted scope of an issue and intends
to answer a limited number of scientific questions. Spoken
language represents the leading mode, but other modes can
also be integrated, enriching the visual channel simultaneously
or sequentially like, for example, text over visuals, background
images, animations, or demonstrations. The presenters report
on topics in which they are personally interested or which the
presenters believe to be interesting and relevant for the users.
The detailed analysis shows that videos of this type contain a
high proportion of conspicuous or meaningful gestures and facial
expressions that are applied for referring to visual features of
the video, thus managing the coherence between spoken and
exhibited information. The most frequently occurring actors are
YouTubers, which use platform-specific actions such as asking
the viewers to subscribe to their channel or leave a comment.

Expert Film
This category is characterized by the fact that the focus lies on
a person—for example, a researcher—who is supposed to be
portrayed in the video as an expert using the portrayed person
as a kind of hook for introducing a topical field of research.
Depending on the intention of the video, the focus can be more
or less on the expert’s person. Thus, the video can be more of
a portrait or more of a research report. Expert films usually
have a narrative structure: the person is characterized, her or his
development is reported, and special features of the biography
are narrated, which is why expert films are highly personalized.
Often videos of this type are PR videos of scientific institutions.
A more detailed analysis of multimodal orchestration has shown
that these videos contain a high proportion of moving image
material and hardly any platform-specific presentation modes
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(animations, insertion of user comments, addressing users, etc.).
In comparison with the other types, expert films most often
present scientists and research activities.

Animation Films
Animation films are characterized by the fact that—usually
computer-generated—artificial moving images are shown to
visually illustrate a process, a problem, an issue, or a scientific
theory. The spoken language can generally be heard from
off-screen synchronized with the—in many cases—dynamic
visualizations. If the moving images are not computer-based,
they are often live drawings and writings or whiteboard videos
(illustrations on a white background), which can also be
understood as animated films. Animation films make use of
an above-average number of text insertions. The users are also
addressed directly more often than average.

Narrative Explanatory Films
Narrative explanatory films are based on a general question
that is answered in the video. They are more complex than the
other three types and often contain elements that characterize
the other types: Thus, they consist of functional units such
as moderation, expert interviews, laboratory images, computer
animations, etc. Narrative explanatory films often are structured
like logical reasoning: they provide arguments about why
something exists or is supposed to exist or comes to exist. They
also combine narrative and informative elements by telling an
entertaining story and, at the same time, give an explanation
and transfer knowledge. Narrative explanatory films also use
mainly moving image material. They have the highest number
of cuts from the four types. The coding of the videos shows
that here, too, scientists and experts frequently appear as
actors. In terms of content, narrative explanatory films are the
most heterogeneous group. Like the expert film, the narrative
explanatory film is originally a television science programs’
format whose production is rather expensive and requires an
elaborate technical infrastructure.

Among the 400 sampled videos, the presentation film type
is the most common (140 times), followed by the narrative
explanatory film (114 times), the animated film (92 times),
and the expert film (54 times). According to their background,
most of the channel operators or producers of animated films
or presentation films are non-scientist laypersons, so-called
YouTubers. Scientific institutions are responsible for all expert
films and most explanatory films (about 75%). In general,
YouTubers and research institutions each account for about
30% of all videos recorded, followed by media companies
(16%), YouTubers active in multi-channel networks (10%),
and universities (9%). Videos by research foundations account
for a share of 6%. Especially Videos from media companies
are professionally generated content produced particularly for
publication on the corresponding YouTube channels: Examples
of this are videos produced by the funk network (ARD and ZDF)
or the Terra X Lesch & Co-channel (ZDF in cooperation with
objektiv media).

The number of views a video generates is a measure of how
successful it is. Since some of the corpus videos have been online

FIGURE 1 | Average views per day distributed among the video types

(n = 400).

for several years and others were only published shortly after
being included in the corpus, the average number of views per
day was chosen as a comparative measure. Most views—between
3,000 and around 6,000 per day—are generated by presentation
films followed by animated films. Expert films are viewed on
average only 60 times per day. Narrative explanatory films receive
an average of over 1,000 views. Accordingly, the most significant
reach on YouTube is achieved by videos produced by laypeople
(see Figure 1).

However, the views of the individual videos can vary greatly:
The most popular videos in the corpus reached view numbers
of over 1 million at the time of writing. Less popular videos
were viewed <50 times, even if they were uploaded a long
time ago. Among the 50 most popular YouTube videos in the
corpus (measured by view numbers) are no scientific institutions’
productions. The videos of channels such as 100SekundenPhysik,
MaiLab (formerly Schönschlau), or Terra X Lesch & Co. often
reach more than 500,000 hits a few weeks after publication.

In addition to the channel operators’ background, it was also
investigated which actors appear in the videos. Especially in the
group of YouTubers, channel operators and actors are usually
identical. They are the most frequent actors in presentation films
and animated films (as far as persons appear in it). In narrative
explanatory films and expert films, most of the people appearing
are scientists (see Figure 2) and are not responsible for the
channel’s content.

Thus, actors without a scientific background are most often
found in science video types that generate the most views.
These results also show that YouTubers, i.e., those actors who
do not belong to any scientific institution, dominate science
communication on YouTube.

One of the reasons why non-scientific YouTubers are among
themost successful producers of science videosmight be that they
use all resources for promotion which are typical for YouTube:
They explicitly address their audience, apply typical styles of
audiovisual online pieces, and interact with their viewers para-
socially in their videos and the comment section. They get
in touch with the community, invite their viewers to make
topic suggestions for future videos, ask them to subscribe to
the channel and respond to their addressee’s reactions. Often,
they also react to comments on their videos and thus appear
more approachable than, for example, actors appearing in videos
of scientific institutions. Besides presentation films, animation
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FIGURE 2 | Main actors in the different types of videos (n = 400).

films are the most successful in terms of generating views.
These usually shorter formats can be clearly distinguished from
traditional science formats on television: they present content
creatively with the help of their own illustrations and animations.
They often deal with concise questions or abstract phenomena
(black holes, dark matter, déjà-vu experiences) and seem to
convey these more vividly or attractively.

THE RECEPTION OF SCIENCE VIDEOS

Based on the typology from the first step of the project,
18 YouTube videos were selected for the reception study.
Nine videos which were originally produced for YouTube
dissemination only and nine television pieces originally produced
for German TV science programs and later distributed online.
The television reports were selected as comparison objects, which
fulfill the following criteria: They have to either cover the same
topic as one of the YouTube videos and/or correspond in their
multimodal composition (e.g., a presenter conveys knowledge,
an animated film is used, a topic is discussed with the help of an
expert) to one of the four identified types of online videos. Then,
video pairs were formed so that either two different types of video
deal with the same topic for type comparison or two videos of the
same type deal with varying issues for the topic comparison.

A Mixed-Method Approach
When it comes to knowledge transfer, it is common sense
in audience studies that there are close interrelations
between the concepts of attention, selection, and knowledge
acquisition (Bucher and Schumacher, 2006). For analyzing
these interrelations, the study applied a multi-level approach
consisting of four different methods:

• an eye-tracking study to investigate the distribution
of attention,

• a guided interview to evaluate attitudes and opinions toward
the science videos

• an unsupported knowledge test (concept mapping) to examine
the acquisition of structural knowledge

• a questionnaire with amultiple-choice test (recognition test) to
assess the acquisition of factual knowledge.

Each of the 108 test persons watched three to four videos
(depending on its length) covering different types of videos
(based on the typology), including at least one YouTube video
and one television report. The videos were selected depending
on their length, so that the test persons did not have to
take part in an eye tracking experiment that was longer than
20min. Furthermore, the video selection was based on the goal
to investigate knowledge transfer, therefore, in order to avoid
confusion about which video the knowledge was derived from,
only videos dealing with different topics were shown to the
participants. The videos were distributed among the participants
in such a way that usable gaze data was collected from at least
15 test persons per video. Before showing the videos, some of
the test persons (52 of the total of 108) created a concept map
on a topic to ascertain previous structural knowledge. After the
gaze recording and after seeing the video, the test persons made
a second concept map to record stimulus-driven learning effects
(for an overview over all methods and number of participants,
see Picture 1). All participants had to fill out a questionnaire with
multiple-choice questions and questions concerning their media
usage and sociodemographic. After the videos’ reception, they
were interviewed to evaluate their attitudes and opinions toward
the stimuli. The 108 participants in the laboratory study were,
on average, around 36 years of age and evenly distributed among
the age groups, with both sexes also represented approximately
equally. Measured by the highest level of general education, the
participants have an above-average level of education. When
recruiting the test persons, care was taken to ensure that people
with different socio-demographic backgrounds were chosen. One
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PICTURE 1 | Structure of the study, the aims of the steps, and the number of participants within the parts of the study.

goal was to interview not only students or people from the
university environment. Regarding the question whether the test
persons deal with science topics privately and/or professionally,
26 stated that they neither privately nor professionally engage
with science topics. Sixty-eight percent of the participants have
used YouTube as a source of science related information in the
past. They belong to the younger test persons (on average they

are 31 years old). Those who have never used YouTube are on
average 39 years old.

Since reception studies are very resource-intensive and
therefore generate fewer case numbers, the laboratory study was
accompanied by an online survey conducted in cooperation
with the publishing house Spektrum der Wissenschaft. More
than 700 people took part in the online survey, of which 501
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completed questionnaires could be evaluated. The questionnaire
was designed to support the laboratory study quantitatively,
which is why a selection of eight of the 18 videos used in
the reception study was included in the online questionnaires.
Accordingly, the assessments of the epistemic quality of the
different types of audiovisual science videos from the reception
study could be compared with those from the online study. Since
the online study also assessed knowledge transfer by multiple-
choice tests, this aspect could also be evaluated comparatively.
In addition to questions on sociodemographic, media usage,
the relationship to science, and science communication, the
participants were also asked to assess how vital entertainment,
sympathy toward people appearing, the status of the actors
(scientists or laypersons), and professionalism (in terms of style
and actors) are to them. In terms of a control study the results
of the online survey are included in the evaluation of the
reception study.

Tracking Gaze Guidance and the Allocation of

Attention
By applying the concept of attention to the transfer of knowledge
through audiovisual stimuli, the question arises whether and
how these stimuli succeed in guiding the recipients’ attention to
select and integrate the relevant elements appropriately. Based
on the so-called eye-mind hypothesis— “the eye fixates the
referent of the symbol being operated on” (Just and Carpenter,
1976, p. 441)—tracking eye movements opens a window to
the mental reception process. Hence, gaze data are indicators
for the allocation of attention, the evaluation of which can
accordingly provide information about these selection and
integration processes. Their analysis allows us to reconstruct how
efficiently the “gaze guidance” (Hooge and Camps, 2013) of an
audiovisual stimulus succeeds and how precisely the recipients
are informed about the relevant visual aspects (see Gould,
1973; Goldberg and Helfman, 2013). Hence, comparing the eye-
tracking data of different recipients allows us to determine the
quality of gaze guidance of a video: “Is the scan path across AOIs
directed or randomly distributed?” (Holmqvist et al., 2011, p.
341). A prerequisite for the systematic evaluation of gaze data is
the definition of so-called “Areas of Interest” (AOIs), i.e., visual
sections of a stimulus that contain the relevant information.With
the help of these AOIs, scan paths—i.e., processes of attention
distribution—can be disclosed.

Gaze data can be evaluated with two different methods that
use various measures: a fixation-related evaluation according
to criteria such as duration, frequency, localization, sequence,
or so-called revisits of AOIs provides information about which
elements (AOIs) were viewed for how long, how often, and
when. A process-related evaluation, based on measures of
scan paths such as their length, similarity, predictability, etc.,
provides information about the sequence of AOIs considered,
the dynamics, and the course of the reception. The more
homogeneous the recipients’ gaze patterns are, the stronger is
the gaze guidance of a video and the higher the probability
that the recipients have caught the relevant information (Hooge
and Camps, 2013; Gwizdka, 2014). In our study, the degree of
homogeneity of gaze patterns was calculated employing three

measures: the fixation-based criteria “dwell time” and the process
related measures of matrix density and matrix entropy (Krejtz
et al., 2014). The length of dwell time for an AOI indicates the
intensity of reception while entropy and matrix density suggest
the homogeneity of scan paths (Holmqvist et al., 2011, Chapter
10.7; 11.4; Chen and Shi, 2019).

Eye movements are detailed data for reception research
because they serve as unintentional indicators for cognitive
processes and provide data beyond self-reporting methods such
as interviews or written surveys. Compared to data from
knowledge tests, eye-tracking data have the advantage that they
can be causally related to the stimulus and its characteristics.
They are, therefore, the link between the reception data and the
stimulus characteristics that triggered them. The present study’s
research design, consisting of stimulus-related approaches and
stimulus-independent approaches to empirical investigations,
opens the possibility of explaining reception data with specific
characteristics of the science videos.

Measuring Knowledge Transfer
Two types of knowledge tests are used in the study, each of
which can capture different forms of knowledge: Multiple-choice
tests suitable for capturing factual knowledge (knowing that)
and concept mapping, which can capture structural knowledge
(knowing how and why). The concept mapping method is
based on the assumption that cognitive models are organized as
networks of propositions as their smallest unit, which consist of
concepts and relations connecting them (see Baker et al., 1991;
Ruiz-Primo, 2004). Therefore, concept maps consist of two basic
elements: Concepts, which are the knots of the cognitive net,
and relations like “is part of,” “causes,” “leads to” which form
the edges of the net (see Novak and Gowin, 1984; Gehl, 2012).
The test persons created a concept map at the beginning of
the test and after having seen the video to capture the process
of knowledge acquisition. The two test procedures—multiple-
choice test and concept mapping—differ not only concerning the
type of knowledge measured, but also the quality of the cognitive
processing (Kintsch, 1968; Humphreys and Bain, 1983): The
multiple-choice test belongs to the group of so-called recognition
tests, in which knowledge acquired after the presentation of
stimuli is reactivated or recognized. The so-called recall tests
(memory tests), to which concept mapping belongs, require the
test subjects to apply existing or acquired knowledge and transfer
it to the test situation. Accordingly, the two test types differ
in the cognitive performance necessary: “recall involves search
and decision stages, while recognition involves only a decision
process” (Maisto et al., 1977, p. 127). This additional search or
retrieval process consists of finding the appropriate terms and
the relations connecting them for an explanatory task in concept
mapping (Gehl, 2012).

For comparing and evaluating the concept maps, measures
from network analysis like centrality, density, or centralization
were deployed (Clariana et al., 2013). Furthermore, the maps
were categorized based on some assessment tools for knowledge
diagnosis (Novak and Gowin, 1984). This process makes it
possible to compare the concept maps according to quantitative
criteria like the number of included propositions, and according
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to qualitative structural criteria like hierarchy or density and
coherence (Freeman, 1978; Hennig et al., 2012). The test persons’
concept maps were compared with each other as well as
with experts’ concept maps that represent all knowledge that
could have potentially been acquired (see Dogusoy-Taylan and
Cagiltay, 2014).

Results Concerning Knowledge Transfer,
Gaze Guidance, and Attention
One of the central results of the project is that gaze guidance by
the videos, the recipients’ allocation of attention and the results
of knowledge testing are closely intertwined. The correlation of
data from eye-tracking and the two knowledge tests prove in
principle that the more homogeneous the gaze patterns of the
recipients are, the better they score in both knowledge tests: in
the multiple-choice test as well as in the concept mapping test.
To measure how successful the individual videos are in teaching
factual knowledge, a multiple-choice test was conducted in both
the lab study and the online survey. In both surveys, expert’s
solutions are the benchmarks for assessing the achievements of
the test persons. In the multiple-choice test the number of correct
answers is the evaluation criteria. According to the complexity
of structural knowledge, which was investigated by concept
mapping, the study applied a whole set of evaluation criteria
which are derived from network analysis (Wasserman and Faust,
1994; Scott, 2000) and knowledge diagnostics measures (Novak
and Gowin, 1984):

• Correct propositions
• Applied terminological concepts
• Centralization and density of the conceptual networks
• Hierarchy of the conceptual networks.

Results of Multiple-Choice Tests
There are apparent differences in the average number of points
achieved in themultiple-choice tests regarding the different video
types (both in the lab study and the online survey): The test
persons in the online survey remember more factual knowledge
correctly after the reception of animated films (M = 78.45; SD
= 28.5)1 and narrative explanatory films (M = 76.64; SD =

23.49), while an ANOVA with pairwise post-hoc tests says that
the expert film (M = 64.37; SD = 20.89) scores significantly
worse (p< 0.001)2 than both, but not significantly worse than the
presentation film (p = 0.243; M = 70.63; SD = 29.12). It makes
hardly any difference whether videos are YouTube or television
formats, in terms of remembered factual knowledge: After the
reception of YouTube science videos in the laboratory, the test
persons score an average of around 65% of the maximum, while
the television science videos scored about 69%. The online survey
results confirm the findings that there is no significant difference
between themedia: For YouTube videos, an average of 72% of the
maximum score was achieved (SD = 26.36), and for television

1SD= standard deviation; M=mean.
2p= p-value.

videos, an average of 74% of the maximum score (SD = 26.03;
t(499) =−1.19, p= 0.235; see Table 1)3.

However, the acquisition of factual knowledge depends on the
topics of the videos: issues that require expert knowledge differ
from those that can be understood with everyday knowledge.
While science videos on issues such as dark matter, black holes or
STED-microscopy (stimulated emission depletion microscopy)
presuppose knowledge in physics and chemistry, topics such
as tap water, vaccination and the psychological problem of
borderline syndrome address the subjects’ everyday knowledge
and experience. Science videos presupposing expert knowledge
achieve, on average, only about 59% of the maximum score,
whereas videos conveying everyday knowledge achieve about
73%. In the online survey, the test persons confirm that
videos addressing everyday knowledge are significantly easier to
understand (M = 4.55, SD= 0.72) than videos containing expert
information (M = 3.92, SD= 0.96; t(432) =−7.8, p < 0.001).

The results of the online survey also indicate a significant
correlation (r = 0.2, p < 0.001)4 between the relevance attributed
to a video topic and the remembered factual knowledge: the more
relevant the topic was rated, the better the factual questions
were answered. It is noticeable that videos that primarily address
everyday knowledge are consideredmore relevant than those that
convey expert knowledge. Additionally, the online survey results
document that the level of entertainment ascribed to a video is
related to the score of the remembered factual knowledge (r =
0.137, p = 0.002). Moreover, the more entertaining a video is
rated, the stronger the belief that the content presented is correct
(r = 0.308, p < 0.001). The different types of actors appearing in
the videos also influence the acquisition of factual knowledge: If
journalists appear in videos (M = 82.31, SD = 21.67), the test
persons remember facts significantly better than if YouTubers
(M = 66.3, SD = 27.91, p < 0.001), or scientists appear (M =

64.37, SD = 20.89, p < 0.001). However, journalists and videos
without actors (e.g., animated films; M = 78.54, SD = 28.5,
p = 0.634) do not differ significantly, which means that both
perform equally well in conveying factual knowledge. Scientists
and YouTubers do not differ significantly either, which suggests
that the scientific qualification of the persons appearing has no
direct influence on the remembered factual knowledge, as well as
aspects of personalization such as the sympathy and competence
attributed to the actors involved.

The trustworthiness that the participants ascribe to the
actors and familiarity with the YouTube channel or the TV
program do not have a statistically significant impact on
the multiple-choice test results [t(443) = −1.78, p = 0.076].
But the mean value of remembered factual knowledge rises
linearly with increasing trustworthiness ascribed to the actors.
Although the aforementioned personalization aspects do not
influence the acquisition of factual knowledge, they affect the
subjectively perceived increase of knowledge: High sympathy
values attributed to the actors are accompanied by a higher
perceived learning effect (r = 0.201, p < 0.001) and a higher
evaluation of the comprehensibility of the explanations (r =

3t = paired, t-test.
4r = Pearson’s r, correlation coefficient.
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TABLE 1 | Results of all videos from both knowledge tests: multiple-choice and concept mapping.

Type Percentage of

correct

answers from the

multiple-choice test

(reception study)

N

(Multiple-Choice

Test reception study)

Achieved points

according to Novak

in comparison with

expert map

Achieved number of

propositions in

comparison with

expert map

N

(Concept

Maps)

Percentage of

correct answers

(From online survey)

N

(online

survey)

Narrative

Explanatory Film

77.2% 88 30.9% 26.6% 8 77,0 % 130

Animation Film 72.6% 73 39.8% 25.0% 16 38.9 % 137

Presentation Film 67.2% 90 26.0% 22.8% 16 28.5 % 111

Expert Film 49,6% 73 27.9% 22.9% 12 32.0 % 123

0.208, p < 0.001). This correlation comes up to what was coined
an “illusion of understanding” (Paik and Schraw, 2013) in case
of enriching learning material with animation: “Animation can
keep learners from doing relevant cognitive processing, not
because of increased task difficulty, but because of inappropriate
facilitation of the task” (Schnotz and Rasch, 2005, p. 57).

As part of the online survey, the test persons were asked how
certain they were that the scientific facts were presented correctly
in the video. If one considers this question in connection with
the correct factual knowledge, a slightly significant correlation
becomes apparent (r = 0.124, p = 0.005.): those who were not
at all sure or less sure that the facts presented were correct (n
= 109) only answer about 69% of the questions correctly on
average. Those who were more or less sure of the facts (n =

392) answer about 74% of the questions correctly. Accordingly,
certainty about the correctness of presented facts is a significant
predictor (b = 4.28, t = 2.8, p = 0.005)5 of remembered factual
knowledge: it explains a significant share of 1.5% of the variance
of incorrectly remembered facts [F(1,499) = 7.81, p= 0.005]6.

The findings show that the videos’ epistemic reputation, the
relevance of its topic, and, with reservations, some aspects of
personalization of the videos’ content have a distinct effect on
knowledge transfer. The online survey results show that there
is no significant difference in the correct answers to the factual
questions regarding the sociodemographic variables age, gender,
and educational level.

Results of the Concept Mapping
Compared with the findings of the multiple-choice testing of
factual knowledge, the concept mapping data show a significantly
less successful transfer of structural knowledge. Whereas, in the
multiple-choice test, on average, about two-thirds of the correct
answers are given for all videos, in the concept mapping, the test
subjects achieve only about a quarter of the possible propositions
(in comparison to the experts’ maps). When applying the
network measures for the quality of the concept maps, the test
subjects remain below the limit of 40% of the expert score
for all video types. Hence science videos are much better at
conveying factual knowledge than structural knowledge. When

5b= unstandardized regression coefficient.
6F = f -test.

comparing the video types, the narrative explanatory films prove
most successful in conveying structural knowledge as measured
by experts’ concept maps. On average, these videos score 26.6%
of the maximum number of propositions, whereas they achieve
77% of the possible correct answers in the multiple-choice tests
(see Table 1). The animation video reached the highest absolute
scores in the concept mapping, but only about 40% of the
maximum number of points according to the network measures.
The presentation film and the expert film scored worst in both
knowledge tests.

As the test persons were asked to compile a concept map
before and after having watched the videos, it was possible
to identify the influence of prior knowledge on knowledge
acquisition. In general, videos that deal with topics on which
subjects have little previous knowledge achieve significantly
worse results than videos that address pre-known everyday
knowledge. All video types are not remarkably successful in
teaching the recipients to apply terminological concepts. Less
than half of the concepts which are introduced during the
video are integrated into the concept maps after watching it.
The measure “centralization” from network analytics determines
the connectivity and coherence of a concept map: the more
centralized it is, the less connectable it is to other cognitive
structures. The most centralized maps were compiled by test
persons watching presentation films. In contrast, the narrative
explanatory films achieve the lowest centralization and the
highest increase in the number of acquired propositions and
the conceptual networks’ density. Overall, the evaluation of
the subjects’ concept maps shows that there are deficits in
transferring structural knowledge what go beyond all video types.

Gaze Guidance and Attention
One of the central questions of this study has been which
features of a science video are responsible for allocating attention
to the relevant audiovisual aspects. As mentioned above, eye
movements serve as indicators for cognitive processes and
provide data beyond self-reporting methods. To investigate the
gaze guidance potentials of a video, three measures of eye-
tracking data were applied: first, the dwell time on relevant
areas of interest, which indicates the intensity of reception,
matrix density and matrix entropy of eye-tracking data, which
both indicate the homogeneity of scan paths and, therefore,
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PICTURE 2 | Scene from the program “Wissen vor Acht” with the speaker’s verbal explanation of déjà-vu-experience and a simultaneous visualization on two

TV-screens. The heatmaps of 17 test persons demonstrate the dilemma of attention allocation, which causes a quite heterogenic gaze pattern.

the dynamics of reception. The study’s data shows that longer
dwell time on certain AOIs of a video is associated with a
deeper understanding of the mediated content. To compare
the different video types according to reception intensity and
reception dynamics, the areas of interest (AOI) were systemized
in four different groups, which fit all video types: “main
person,” “graphic elements,” “text insertions,” and “additional
persons” (see Appendix in Supplementary Material). There is a
systematic relation between dwell time distribution to these AOI-
types and the particular video type. For example, in animated
videos, most dwell time is accounted for the graphic elements,
in the other types for the main characters appearing in the
videos. However, the dwell time is not always determined by the
visible time of the AOIs, but rather by the recipients’ allocated
attention. This becomes particularly apparent in cases where the
proportion of dwell time on a video element is greater than
the proportion of visible time of this element. For example, this
applies to text overlays and graphic elements, which shows that
the recipients assign these elements a high relevance. The dwell
time on these two elements also correlates with the knowledge
tests’ findings: longer dwell times on graphic elements and text
insertions result in a better transfer of both structural and
factual knowledge.

The analysis of dwell time reveals a dilemma of attention
allocation, which is typical for presentation videos (see Wang
et al., 2020): In comparison with other video types, all five
of them show the worst performance in the knowledge test
with concept mapping indicated by the lowest quality of
the conceptual networks in terms of density and structure,
the lowest increase in correct propositions and the largest
distance to the expert maps. This below-average performance
can be explained by a specific weakness in attentional guidance,
which is expressed in the dwell time data: The simultaneous
presence of a speaking person and the relevant visualizations

PICTURE 3 | Scene from the YouTube-Video “What is a déjà-vu?” (sequential

presentation of information). The heat map of 18 test persons visualizes the

rather homogenic gaze pattern.

forces the recipients to split the visual reception channel into
two sources, which leads to the dilemma of attention and
hence to cognitive overload (see Picture 2, in which the heat
map with opaque coloring visualizes the intensity of the test
persons’ attention).

In the other video types, the speaking person, and other
relevant parts of a video like text or visuals are organized
in dual channels allowing the recipients to acquire the
information simultaneously with ears and eyes. Animation
videos avoid the mentioned attention dilemma by separating
the relevant information into an audio channel—the
spoken information of an invisible speaker from the off—
and a visual channel containing the elements to gaze at
(see Picture 3).

While dwell time indicates the intensity of perception, the
entropy values shows the dynamics of receptions according to the
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scan paths’ homogeneity. Scan paths are defined as “a trace of a
participant’s eye-movements in space and time” (Holmqvist et al.,
2011, p. 253). A general result is that the lower the modal density
and the higher the modal coherence of the video, the lower the
entropy value. This indicates a highly homogeneous scan path
and, therefore, strong gaze guidance by the video. Comparisons
of different videos verify that in contrast with a simultaneous
spatial presentation of informational elements on the screen,
a sequential structure of informational phases promotes the
acquisition of structural knowledge. The scan paths are then
clearly defined so that the recipients do not have to search for
the relevant information but can use their limited cognitive
resources to process the content of the video sequentially. Precise
attentional control helps to reduce the cognitive load. It relieves
working memory resources and frees capacities for knowledge
acquisition (Paas and Sweller, 2014, p. 38).

Attentional guidance and knowledge transfer are thus
established differently for temporally-sequentially structured
and simultaneously-spatially structured videos. A simultaneous-
spatial arrangement of elements within a video increases the
multimodal density. This increased external (“extraneous”)
cognitive load demands cognitive resources that are lacking for
processing the presented information (Mayer and Fiorella, 2014).
In cases of linear stimuli like science videos, simultaneously
presented additional information must be received under time
pressure. In contrast, the sequential arrangement of additional
information fits into the linear structure of those videos in such
a way that there is no competition between spatial processing of
“phases” and temporal processing of the sequential structure of
the video.

Dialogue Analysis: Mapping the
Participatory Space of Social Media
In contrast to television, science communication on YouTube is
characterized by a participatory and interactive communication
model that allows the users to comment on the initial video
or comments of other users and enables the communicators
to connect with their followers. The comment section turns
out to be an integral part of the communication space of
social media. Thus, complementary to the reception study, an
investigation of this interactional space proves to be a promising,
additional approach to elucidate effects and reactions to YouTube
videos. The analysis of almost 2,000 user comments from
the comment section of six of the examined YouTube videos
shows that they are a coherent web of interactions that is
composed of by mutual references such as explicit addressing,
citations or thematic signals and sequence patterns like question-
answer or assertion-contradiction-proof of evidence (see also
Bou-Franch et al., 2012).

When it comes to knowledge transfer, these dialogues
prove relevant for negotiating the videos’ epistemic quality and
participatory processing of the initial video’s issues. Recent
studies conclude that the level of civility of comments could
impact users’ perception of the initial video (Brossard, 2013).
With regard to the assumption that the Internet plays an
important role in destabilizing our society’s epistemic order

(Neuberger and Jarren, 2017), the question of how rational,
emotional, or factual the consecutive discourses in the comment
sections are is still in the foreground (Bucher and Barth, 2019).
Concordant with the assumption of Dubovi and Tabak that
“YouTube can offer an informal space for science deliberation”
(Dubovi and Tabak, 2020, p. 2), the results of the analysis of
the examined YouTube comments do not confirm such skeptical
assessments: About half of the comments concern knowledge
transfer or can be understood as epistemic evaluations of the
video’s content or the previous comment. Thematic interactions
(ad-rem interaction) dominate the comment section. Ad-
hominem interaction patterns based on defamation and abuse
of people, which are known from other online communication
spaces, occur as less frequently individual cases. The same
applies to personalizing and emotionalizing patterns of action,
which are less characteristic of scientific controversies but
typical of online communication. With regard to the long-
term development of science communication, the analyses of
user comments may contribute to verify the assumption that
a transition from a deficit model of science communication
with a passive audience to an interaction model with active
participation by the recipients takes place (for detailed results see
Christ, 2020).

DISCUSSION

As an addition to the growing amount of research on YouTube
science videos, the presented study focuses on the individuals’
understanding of science as a precedent of public understanding
of science. It combines a typology of YouTube videos based
on a multimodal discourse analysis with an audience study for
investigating knowledge transfer. Hence the knowledge, acquired
by watching YouTube Videos is the dependent variable; the
video types are the independent ones. A typology of four
audiovisual video genres was developed from the systematic
analysis of 400 videos from YouTube. Two of these genres, the
narrative explanatory film, and the expert film, are traditional
television formats transferred to YouTube channels, especially
by science institutions, universities, or media companies. The
other two genres, the presentation film and the animation
film, are typical YouTube genres that borrow some of their
elements from other social media formats. As mentioned in
other studies (de Lara et al., 2017) these new genres receive
more views and comments than the television-based genres
because they take up the platform’s specifics and present
content creatively and authentically. Their high reputation,
broad distribution, and acceptance indicates a change in science
communication toward more personal, more authentic, more
entertaining genres that apply the full spectrum of digital tools
and interactive potentials of social media. In contrast to other
classifications (Morcillo et al., 2016; de Lara et al., 2017) our
typology features a much smaller number of types which is
conditioned both by the different sampling methods and the
different classification criteria. A straightforward typology might
be detrimental in terms of revealing the diversity of the classified
objects, but in the case of our study it is a precondition
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for asserting reliable relations between the YouTube videos as
audiovisual stimuli and their effects like allocated attention or
acquired knowledge.

As revealed in other studies (Welbourne and Grant, 2016;
Erviti et al., 2020; León and Bourk, 2020) YouTube-based
science communication also indicates a transformation in
terms of authorship: The platform logic provides distribution
frameworks that enable laypersons to outperform science
institutions (research institutes, universities) in their reach. As
a result, non-scientific actors dominate science communication
on YouTube, marginalizing professional authorship by scientists,
science institutions, or universities. It remains open, if this
leads to a long-term collapse of well-established epistemic orders
or a spreading of an anti-science stance (Erviti et al., 2020),
despite some optimistic results of this study’s investigation of
knowledge transfer and user comments. The results of the study
indicate that the success of science communication depends
on how its authors consider the media logic of the channel
they chose.

In terms of knowledge transfer, the different types of videos
have a significant impact on the recipients’ quality of knowledge
acquisition. Factual information conveyed in animated films
and narrative explanatory films, for example, is remembered
much better than the information from expert films, which
are favored by universities and research institutes. However, it
must be considered that expert films usually focus on conveying
knowledge that has little to do with most subjects’ everyday
lives and therefore falls within the realm of expert knowledge.
In the context of the presented study, the videos that aim to
convey special scientific topics, which overlap less with the
test persons’ everyday life and with their previous knowledge,
came off worse. Insofar the data prove a close relationship
between the topic of a video and the transfer of knowledge.
Together with users’ bias to favor information that aligns with
their pre-existing knowledge and attitudes, this relation probably
favors selective exposure and epistemic filter bubbles (Landrum
et al., 2019). In general, the results of the reception study
attenuate the optimistic expectations which are traditionally
connected with visualization in science communication and with
audiovisual pieces particularly. The fact that science videos are
much better at conveying factual knowledge than structural
knowledge suggest that the desired Public Understanding of
Science can only be achieved to a limited extent, because
structural knowledge is crucial for the integration of new
knowledge into existing knowledge and the integration of new
information into larger contexts.

Questions concerning the relation between entertainment
and information have a long history in debates about the
accessibility and popularization of science communication
(Myers, 2003; Shapiro and Park, 2015; Walsh, 2015). On the one
hand entertainment strategies like storytelling, comic-formats,
colloquial language, personalization, or visualization are assessed
as counterparts to rationality and objectivity. On the other hand,
they are considered to make science more attractive for an
audience of non-experts. The results of our study seem to confirm
the latter position, but with a cutback. The level of entertainment
ascribed to a video relates to the score of the remembered

factual knowledge and to the evaluation of the videos’ rigor.
The more entertaining a video is rated, the stronger the belief
that the content presented is correct and the stronger the trust
in the authors. This corresponds closely to an effect, called the
“illusion of understanding” (Paik and Schraw, 2013) or “easiness
effect” (Scharrer et al., 2016). Simplification—for example via
infotainment—prompts the recipients to assess the content easier
and more trustable and to overrate their epistemic competence.
Hence the results of this study contradict the assumption
that “YouTube users dissociate ‘science’ and ‘entertainment”’
(Rosenthal, 2018, p. 34) a result that might be impacted by the
sample of the test person who are characterized as information-
oriented. In contrast to this sample, our study considers the
whole unspecified cohort of about 500 participants. Concordant
with results from research on popularization of science formats
like science slams and TED-Talks one can conclude that there
is always a tension between entertainment and information,
but that a certain amount of entertaining elements can foster
knowledge acquisition (Lederman, 2016; Carlsson, 2018; Bourk
et al., 2020).

Regarding the theoretical assumptions of our approach in
regard to reception processes, the eye-tracking data of about
one hundred recipients confirm that knowledge transfer is
not only impacted by some attributes or dispositions of the
recipients, but is also stimulus-driven: the allocation of attention,
which is the link between a video and the acquisition of
knowledge, is guided by features of the video like its modal
density, modal coherence, its temporal and linear structure. In
general, it can be said that according to the overall temporal
structure of audiovisual material, linear organized phases of
informational elements promote knowledge acquisition while
simultaneous spatially organized informational elements—
like a lecturer presenting visual material (see Bucher and
Niemann, 2012 on the reception of PowerPoint presentations)—
complicate knowledge acquisition by increasing the
cognitive load.

The basic approach of the study was to combine a
classification of YouTube videos with a reception study,
which allows to correlate attention allocation and knowledge
acquisition with video genres and their specific features.
Hence it is possible to assess the different YouTube video
genres regarding their appropriateness for knowledge
transfer and in a wider sense for improving scientific
literacy based on criteria from reception theory and
cognitive science.

Due to the clear division between spoken commentary
or explanatory text and visualizations into two different
reception channels—hearing and seeing—animation videos have
a multimodal structure in which the modes do not compete for
attention but complement each other (dual-channel-assumption,
Mayer, 2014, p. 47–49). The clear separation of the reception
channels makes it possible to synchronize the off-screen
commentary and the visualization in terms of content and time.
Thus, the video supports the cognitive processes of selecting
relevant information, organizing it into coherent structures, and
integrating it into existing knowledge (Mayer, 2014, p. 50–
52). From this one can deduct the principle that animated
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videos are well-suited for conveying complex and abstract facts.
The strength of presentation videos lies in their personalization,
which can also be used systematically to build audience loyalty
by establishing anchor presenters. The opportunity to develop
a para-social relationship with the addressees plays a central
role in accepting YouTube videos (cf. the findings from the
online survey). The study has shown two complementary
characteristics for narrative explanatory films: their high-
performance concerning knowledge transfer and their strong
attentional control. This video format combines two functions
that can complement each other in terms of knowledge transfer
and attentional control: narration, by which the motivation and
interest of the addressees can be gained, and explanation. The
multimodal orchestration directs the attention of the addressees
to the information-relevant aspects of the topic. Although the
expert film impedes the addressees to identify the relevant
informational elements and therefore scores low in all knowledge
tests, its advantage lies in the combination of portraying a
scientist and informing about scientific issues. Two disadvantages
counter the advantages of the narrative explanatory film and the
expert film: firstly, they are a typical television format whose
reach and acceptance on YouTube is limited. And secondly,
the production effort is relatively high and thus hardly feasible
for YouTubers.

As the focus of this study is directed to knowledge transfer
“non-knowledge objectives” (Erviti et al., 2020, p. 39), like
influencing dispositions toward science, fostering excitement
about science, or building trust in the scientific community had
to be neglected. Although the online survey of this study reveals
in some way how science videos promote attitudes or emotions
toward science, the focus of this study lies on knowledge transfer,
which undoubtedly is one of the main functions of science
communication—but not the only one.
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We wanted to increase the number of subscriptions to the Max Planck YouTube Channel

with the help of influencers. In recent years, we have published a video series called

“Max Planck Cinema” to increase students’ interest in complex scientific content. The

videos generated sometimes well over 100,000 views (aggregated over several years).

But these figures fall far short of the number of views of German YouTube influencers in

the field of science, whose videos range from several 100,000 views to over a million.

Against this background, the Max Planck Society (MPG) in 2020 launched a video series

in collaboration with two YouTube influencers. The new “WISSEN WAS” video series

focuses on current topics and their underlying scientific facts. Although the “WISSEN

WAS” videos have been online for only a relatively short time, it can be seen that

the videos produced with the influencers have significantly increased the number of

subscriptions. The evaluation also shows that high numbers of views do not necessarily

go hand in hand with more subscriptions as other studies have previously assumed.

While the basic videos of the Max Planck Cinema series prove to be real long runners,

which students regularly (year by year) search for and find on YouTube (Germany) as

well as Google (Germany), thereby continuously generating views, it is currently not yet

possible to estimate whether the “WISSEN WAS” videos, will still generate as high a

number of views per day after several years.

Keywords: science communication, educational videos, YouTube, influencer, views, subscriptions

INTRODUCTION

The Max Planck Society (MPG) is a publicly funded research organization. In the so-called
“PUSH (Public Understanding of Science and Humanities) Memorandum” (Stifterverband, 1999),
the German non-university research organizations, including the MPG, committed themselves
to actively and intensively promoting science communication in Germany by establishing new
formats and channels and preparing the content professionally and in a target-group-specific
manner. Against this background, the past two decades have seen the emergence of numerous
new communication channels within the organization, where Max Planck scientists can present
their research with professional support, ranging from our own website (www.mpg.de), our own
printed science magazine (MaxPlanckForschung) and various dialogue formats, including student
labs, up to own channels on the popular social media platforms Facebook, Twitter, Instagram,
and YouTube.

Among all these sites, YouTube occupies a special position. It is the world’s largest video
platform today and the secondmost visited site after Google worldwide (Alexa, 2020). According to
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YouTube, two billion viewers all over the world are logged in
monthly (Statista, 2020). Its success is the result of increased user
interest in video content combined with increasingly high-quality
offers: while the very first video uploaded to YouTube in 2005 was
only 18 s long, the first educational videos were published just 2
years later. According to YouTube, 500 h of video were uploaded
to the site every minute in 2019 (Statista, 2020). Even though
there is a great contrast between the video genres in terms of
channels, uploads, and views, and a large majority of on average
85% of all views are accounted for by a small minority of 3%
of all channels (Bärtl, 2018), it should not be overlooked that
YouTube has become very popular for educational videos and
has established itself among students as an alternative learning
platform that promotes on-demand learning. According to a
study from 2019, it is now the main informationmedium for 93%
of 18- to 19-years-olds in Germany (Rat für Kulturelle Bildung,
2019).

Even beyond tutoring, the importance of YouTube for science
communication is increasing, with science videos showing a wide
variety of genres—from short documentaries to animations and
reports (Morcillo et al., 2016). In 2016, Geipel already counted
2,000 channels and 140,000 videos on YouTube assigned to the
German search term “Wissenschaft” (we cannot present more
recent figures because YouTube no longer displays the number of
videos and channels for a search term). Geipel writes that “even
assuming that some non-scientific contributions are omitted
when all hits are viewed, these figures show the large presence
of scientific content on YouTube” (Geipel, 2018).

The MPG launched its own YouTube channel in 2010. Ten
years later, the channel has 29,700 subscribers and almost 7.01
million views (as of August 17, 2020). A comparison with other
national and international research organizations shows some
variety in the number of visitors and subscribers (as of August 17,
2020): For example, since joining in 2008, the German Aerospace
Center (DLR) has generated around 43,200 subscribers and
8.47 million views; the Japanese research organization RIKEN,
although active on YouTube since 2009, has only 1.94 million
views and 13,300 subscribers, while the French National Centre
for Scientific Research (CNRS) did not join until 2016, but has
already gained 20,300 subscribers and 1.69 million views. All the
channels mentioned here publish their content in their national
language. This also applies to the majority of the contributions on
the Max Planck YouTube channel.

CONTEXT

Long Runners: Educational Videos
On YouTube, scientific topics compete with learning platforms
specifically tailored toward classroom learning as well as with
entertainment formats. The learning platforms all have high
numbers of subscribers, such as “simpleclub Biologie” with
537,000 subscribers and 93 million views or “Die Merkhilfe” with
127,000 subscribers and almost 27 million views (as of August 17,
2020). The challenge is therefore not only to prepare content in
a manner appropriate for the target group and media format, but
also—due to the huge amount of content available—to label it in
such a way that it can be easily found and listed.

Educational videos convey information in a multi-sensory
way, engaging both the visual and auditory perception centers
in the brain; this makes them more attractive to younger
people. In fact, the use of educational videos on YouTube has
almost doubled among 12- to 19-years olds in just a few years,
from 10% in 2016 to 18% in 2019 (Feierabend et al., 2015,
2019). In a non-representative study conducted by the German
Economic Institute 42% of high school students surveyed said
that according to their own personal perception, videos and
explanatory clips on the Internet were the best way to learn.
Also interesting was the finding that female students tended
to follow the recommendations of teachers when searching for
learning videos online, while male students tended to be guided
by the number of times a video is viewed (Engels and Schüler,
2020).

In 2011, the MPG launched its first major educational video
series on its YouTube channel under the title “Max Planck
Cinema” in addition to the already existing printed MAX series,
which provides teaching materials for schools (Beck, 2017).
Between 2011 and 2016, 28 video pairs (A small number of Max
Planck Cinema videos were not published as a pair. Unlisted
videos were not included in the calculation. For an overview
please also see Supplementary Material.) with a clear reference
to the school curriculum had been produced in total. The videos
were aimed at increasing student’s interest in complex scientific
content and therefore also in the STEM subjects. To find out
whether this goal was achieved, the series was evaluated within
the context of a qualifying thesis in the field of the didactics of
chemistry (Willert, 2013). Seventy-two percent of the teachers
surveyed confirmed that the videos increased student’s interest
in the subjects and more than half said that the videos motivated
students to tackle a difficult topic.

For each topic inMax Planck Cinema, there is an introductory
video (length 8min) which describes the research approach.
One characteristic feature of these videos are their cartoon-like
sequences, aimed at contributing to understanding processes
in the non-visible area and overcoming the barrier when
dealing with complex scientific topics. Each introductory video
is accompanied by a short basic film (length 4min), which
illustrates the molecular processes in the form of a 3D animation.
The basic videos, aggregated over the years, consistently achieve
high viewing figures of well over 100,000 views or even more.
For example, the German video “Synaptische Plastizität—wie
das Gehirn lernt” (about synaptic plasticity) has received over
218,000 views since its release (as of August 18, 2020). For
the search term “synaptische Plastizität” (“synaptic plasticity”)
the two associated Max Planck videos are displayed in a
preferred position directly after the first text link by Google.de
(as of August 18, 2020). For the search term “Epigenetik”
(“epigenetics”) the corresponding video from the “Max Planck
Cinema” series is presented in a top position on YouTube
amongst the search results displayed. With 97,793 views, it is
only slightly behind the video on the same subject by “Die
Merkhilfe” with 99,145 views (as of August 18, 2020). For the
search term “Endosymbiontentheorie” (“endosymbiotic theory”),
the corresponding video, which has so far received over 231,871
views, over 2,900 likes and over 100 comments, is in second place,
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ahead of two classic student learning platforms (as of August 18,
2020). In order to obtain a search result that is as unpersonalized
as possible, the search results on Google.de and YouTube.de
were determined for the location Germany and in the language
German in the incognito mode of the browser.

YouTube Influencers: A New Kind of
Educational Videos
“Social Media Influencers” have been playing an increasing role
in the marketing sector for some time now, since influencer
marketing can now reach a larger target audience than many
“classic” marketing measures. Influencers are online personalities
who have built up a fan base on social media community on
platforms like Instagram, Facebook, or YouTube. They utilize
a blend of images and videos to share their views on products,
services, or social trends. The key factor to their success is the
high degree of credibility attributed to them (Connolly, 2018).
People often follow them on their social media channels because
they share the same interests and ways of thinking. While they
are considered experts in their chosen niches by their followers,
they are also seen as “real people” who connect to their audience
on a personal level. Followers can thus relate to and identify with
the respective influencer (Faltl and Freese, 2017).

For some time now, YouTube influencers have also been
establishing themselves in the field of science communication.
Science YouTubers often have a university degree in the natural
sciences or humanities and the topics they present in their
videos are mainly from the same field. However, they are
no longer part of the institutionalized academic world. This
distinguishes YouTube clearly from science blogs, for example,
which are mainly run by scientists themselves (Geipel, 2018). It is
noticeable that the channels of Science YouTubers have very high
subscription numbers, as in Germany MrWissen2go, Doktor
Whatson, or maiLab. MrWissen2go, who primarily explains
political topics, now has more than 1.3 million subscribers,
while maiLab and Doktor Whatson both of whom mainly deal
with scientific topics, have 998,000 and 179,000 subscribers,
respectively (as of August 18, 2020). Their videos generate several
100,000 to over a million views within just a few weeks.

According to Geipel (2018), monetary gains rarely play a
role in establishing a science channel on YouTube. This is not
least because scientific topics are rarely suitable for placing
products within the videos. Rather, Science YouTubers are first
and foremost driven by a passion for a specific field or for
science in general. Against this background, collaboration with
Science YouTubers is also easier for a publicly funded research
institution like the MPG. Nevertheless, if it wants to benefit from
the authenticity of YouTubers, it must adopt their presentation
style on YouTube.

In 2020, the MPG launched the video series “WISSEN
WAS” with the YouTube influencers MrWissen2go and Doktor
Whatson. In the familiar, successful YouTube moderation
style in front of a green screen, Mirko Drotschmann and
Cedric Engels, alias “MrWissen2go” and “Doktor Whatson,”
present important basic information about a specific topic in
each video (∼10–15min). Animations, infographics as well

as diagrams and sketches help to illustrate the facts. In
interviews, Max Planck scientists explain how research comes to
the presented results (Max-Planck-Gesellschaft, 2020). For this
purpose, MrWissen2go and Doktor Whatson visit the scientists
at their institutes (note: due to COVID-19, recent interviews were
conducted via video conferencing).

The objective of the video series is to provide knowledge
together with substantiated reporting on current topics, and
supported by currently available scientific facts (unlike the
Max Planck Cinema series, it is no longer curriculum-aligned).
We asked ourselves whether it would be possible to attract
new subscribers in the target group of 18- to 24-olds for the
Max Planck YouTube channel through cooperation with these
influencers, and whether the number of views could be increased
significantly as a result. We want to build a larger community
on our own channel by using the popularity of the YouTube
influencers and their target group-oriented presentation.

The majority of the “WISSEN WAS” videos are published
on the Max Planck channel. Since Doktor Whatson—unlike
MrWissen2go—does not belong to the content network “funk”
of ARD and ZDF (which excludes the playout of third-party
productions), we were able to try out a video co-production
within the series, in which one video was published on the Max
Planck YouTube channel and a second, related video on Doktor
Whatson’s own channel; both videos refer to each other.

DETAILS OF THE ANALYSIS

We compared both video series shown on the Max Planck
YouTube Channel—“Max Planck Cinema” (start May 31, 2011)
and “WISSEN WAS” (start January 29, 2020)—in terms of the
number of views and the number of subscriptions generated by
these videos (for all data see Supplementary Table 1). Since the
“WISSEN WAS” series only started in January 2020, no final
conclusions can yet be drawn on the basis of the figures available
to date. However, the available data already provide some quite
reliable indications as to whether the goals presented here can
be achieved.

Table 1 shows the average number of views of all introductory
videos and all basic videos of the Max Planck Cinema series
as well as all “WISSEN WAS” videos. The basic videos achieve
the highest number of views, while the number of views for
the “WISSEN WAS” series are the lowest. These figures are not
surprising, as the “WISSEN WAS” videos have only been online
for a comparatively short time. Interestingly, despite these low
viewing figures, the “WISSEN WAS” videos generate the most
subscriptions on average.

In order to eliminate the distorting time factor, which
considerably limits the comparability of the figures, a
so-called subscription/viewing value was determined. The
subscription/viewing value indicates how many subscriptions
are generated per 1,000 views per video. The publication period
is not included in this value anymore. Based on 1,000 views, the
“WISSEN WAS” videos generate almost eight times as many
subscriptions as the videos of the Max Planck Cinema Series
(Table 2). This subscription/viewing value represents a measure
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TABLE 1 | Comparison of the average views and the average number of new subscribers for all Max Planck Cinema introductory videos, all Max Planck Cinema basic

videos and all “WISSEN WAS” videos.

Type of series

(Language version:

German)

Views (average

per type)

Min. views (per

type)

Max. views

(per type)

Subscriptions

(average per

type)

Min.

subscriptions

(per type)

Max.

subscriptions

(per type)

Max-Planck-Cinema,

Introductory video (31

videos)

13618.03 2,565 100,491 39.74 3 267

Max-Planck-Cinema,

Basic video (27 videos)

71842.52 2,362 372,480 186.93 3 801

WISSEN WAS (7 videos) 8366.71 2,652 16,573 205.43 17 622

Time period: founding day YouTube channel of the MPG: 05/07/2010 up to and including Wednesday, 07/29/2020. Source of the data is the YouTube Analysis Tool. The table also
includes the maximum and minimum values per type (views and subscriptions).

TABLE 2 | Comparison of the average number of subscriptions per 1,000 views

of all Max Planck Cinema introductory videos, all Max Planck Cinema basic videos

and all “WISSEN WAS” videos.

Type of series

(Language version:

German)

Subscriptions

per 1,000 views

(average per

type)

Min.

subscriptions

per 1,000 views

Max.

subscriptions

per 1,000 views

Max-Planck-Cinema,

Introductory video (31

videos)

2.95 0.75 6.51

Max-Planck-Cinema,

Basic video (27 videos)

2.85 0.69 5.74

WISSEN WAS (7 videos) 23.08 6.07 90.74

Time period: founding day YouTube channel of the MPG: 05/07/2010 up to and including
Wednesday, 07/29/2020. Source of the data is the YouTube Analysis Tool. The table also
includes the maximum and minimum values per type.

for the effectiveness of viewer retention to the channel by the
respective video series. The positive impact of the influencer
videos on user loyalty toward the Max Planck YouTube channel
is therefore actually significantly higher than of the videos
of the Max Planck Cinema Series. However, given the small
number of videos, the variance around the average value is also
particularly large here. Especially the video “Klüger im Kollektiv”
(the WISSEN WAS video about swarm intelligence) deviates
considerably from the average value with 90.74 subscriptions per
1,000 views.

A comparison of the seven videos in the “WISSEN WAS”
series shows that the three “WISSENWAS” videos that generated
the highest number of new subscriptions per 1,000 views
[“Klüger im Kollektiv” (the WISSEN WAS video about swarm
intelligence), “Nudging” and “Pandemie in Kinofilmen” (the
WISSEN WAS video discussing the portrayal of a pandemic in
the Hollywood thriller “Contagion”)], also achieved the highest
number of views within the first weeks. In general, the number
of views rise sharply in the first 14 days following their release,
reaching an average of 4,000 views, after which growth slows
down significantly (Figure 1). While the video on “Feinstaub”
(about particulate matter) achieves around 15 views per day on
average 7 months after it was released, the video on the topic
“Nudging” still achieves around 20 views per day on average after
8 months.

It must be emphasized, however, that all these figures were
largely produced without additional advertising (SEA). Only
in the period from March 5, 2020 to April 14, 2020, were
digital advertisements placed on YouTube for three videos of the
“WISSENWAS” series. The “Nudging” video benefited from this
measure. The goal was to increase the number of views in the
group of 18- to 44-years-olds. We were able to generate a total
of 9,637 views through the ads—costs in total: 262.95 euros (see
Supplementary Table 3).

However, these figures do not allow a prediction as to whether
the “WISSEN WAS” videos will be continually viewed over
several years as it is the case for the basic videos from the Max
Planck cinema series. Since these videos are closely aligned with
the school curriculum, they are in fact regularly viewed. This
can be seen particularly well in the example of the video on
endosymbiotic theory—a topic that is almost exclusively called
up in school lessons. Here we can see a sawtooth pattern of
views with peaks at a certain point in time (Figure 2). Such a
pattern can be expected if the views are triggered by the school
curriculum and the respective topic is always dealt with in a
certain period of time within the school year, in this case in
the middle of the first half-year in grade 11 or 12 in Germany
(November of each year—since the curricula do not indicate
when a certain topic should be taken up, we cannot provide
concrete evidence of this).

We have also compared the number of views and
subscriptions generated by the two “WISSEN WAS” videos, for
which Doktor Whatson released a corresponding video on his
channel. While “Klüger im Kollektiv” (the WISSEN WAS video
about swarm intelligence) has reached 6,153 views 1 month
after publication, the at the same time released corresponding
video “Warum Schwärme besser entscheiden” (“Why swarms
make better decisions”) on Doktor Whatson’s own channel has
received 44,797 views; 2 months after publication, the pandemic
video on the Max Planck YouTube channel has reached 11,700
views, while the corresponding video on Doktor Whatson’s
channel has already received 112,692 views−10 times as many
(as of June 26, 2020).

Regardless of the differences in the number of views,
however, it can be seen that Doktor Whatson’s reference to
the corresponding video on the Max Planck YouTube channel
not only attracts more views and new subscriptions, but also
succeeds in attracting younger subscribers to the Max Planck
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FIGURE 1 | Evaluation of all views in comparison—all “WISSEN WAS” episodes—first 81 days.

FIGURE 2 | The viewing numbers of the German basic video “Endosymbiontentheorie” (“endosymbiotic theory”) from the Max Planck Cinema series show very clear

and regular peaks at the end of each year. According to YouTube statistics, the views are generated to a large extent by YouTube searches.

YouTube channel (Figure 3). Almost half (46%) of the viewers
from “Klüger im Kollektiv” (the WISSEN WAS video about
swarm intelligence) is between 18 and 24 years old. But if we look
at the entire Max Planck YouTube channel, then only a quarter
of the viewers (26%) are from this age group.

DISCUSSION

The present case study shows that cooperation with YouTube
influencers has helped to significantly increase the number
of subscribers to the Max Planck Society’s YouTube channel:

between January and July 2020, the number of subscribers
increased by about 23% from 23,964 to 29,371 (from January
1, 2020 to July 29, 2020). A comparison between the “WISSEN
WAS” videos and the basic videos of Max Planck Cinema shows
that the latter generate a high number of views, but do not
lead to more subscriptions to the Max Planck YouTube channel
to the same extent. This means that a high number of views
does not necessarily go hand in hand with more subscriptions,
which is contrary to the findings ofWelbourne and Grant (2015).
However, the basic videos prove to be real long runners, which
students search for and find on YouTube as well as Google
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FIGURE 3 | The age distribution of all videos of the MPG YouTube channel (blue) compared to the age distribution of the cooperation video with Doktor Whatson

about swarm intelligence (orange) and the cooperation video about “Pandemie in Kinofilmen” (the WISSEN WAS video discussing the portrayal of a pandemic in the

Hollywood thriller “Contagion”) (gray).

specifically for exam preparation. It is currently not yet possible
to estimate whether the “WISSEN WAS” videos, which are
strongly tailored toward topicality, will still generate as high a
number of views per day as the classic educational videos after
several years.

With the so-called subscription/viewing value, we have a
measure of the effectiveness of viewer retention to the channel by
the respective video series. We can see that the influencer videos
reach higher subscription/viewing values. This connection can
be traced back to the communicative effects of influencer videos
(Diehl, 2018; von Rotz and Tokarski, 2020), which can also be
seen in the “WISSEN WAS” videos. This includes the greeting
and farewell formula, facial expressions, gestures, as well as the
volume of speech and faster speaking rate. In addition, there is
the activating effect (call for action) through the direct address
of the audience as exemplified in the “Nudging” video by Doktor
Whatson: “Feel free to let me know your opinion in the comments
below, but don’t feel in any way influenced by me. Otherwise, if you
liked this video, just leave a thumbs up.”

Nevertheless, the analysis of the co-operation videos on
the same topic shows that the views on the Max Planck
YouTube channel (29,700 subscribers; as of August, 2020)
continue to be significantly lower than on Doktor Whatson’s
own influencer channel. This is partly due to the larger
community Doktor Whatson already has (179,000 subscribers;
as of August 2020) and shows the value of building a
larger community by subscriptions. On the other hand, there
are still differences in the style of the videos. Also in
terms of content, the videos set different priorities for the
same topic. The entertainment factor on Doktor Whatson’s

own channel is noticeably higher, and the involvement of
scientific experts in the Max Planck videos makes them more
academic. A recently published study shows that videos featuring
interviews are less popular, while animations tended to be more
popular (Velho et al., 2020)—a result that is consistent with
our study.

English-language channels are generally more successful
internationally than German-language ones because the English-
speaking audience is simply larger. Therefore, the English-
language YouTube channel “In a Nutshell,” for example, has 13.3
million subscribers, its German-language counterpart, “Dinge
erklärt—Kurzgesagt” 1.08 million subscribers—a significantly
lower number (as of October 25, 2020). On the other
hand, the German-language channel “Clixoom Science &
Fiction” from the German TV presenter Christoph Krachten
has 599,000 subscribers, but its counterpart in English has
only ∼13,300 subscribers (as of November 11, 2020). A
similar situation applies to the English-language videos of
the Max Planck Cinema series: the German-language videos
achieve higher views on average—presumably because they
are so closely aligned with the curricula of German high
schools. But for individual topics, e.g., chaperones, the English-
language video does not only achieve significantly higher
view numbers than its German-language counterpart, but
also consistently generates more subscriptions (for data see
Supplementary Table 2). Against the background of the goals
of the PUSH memorandum, however, the German audience is
our focus.

In an information-rich world, the limiting factor in
consuming content is the consumer’s attention (Davenport
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and Beck, 2001). The challenge therefore is to identify the
scientific topics of interest to our target group. This development
is due to the fact that users rarely come across a topic by chance
by casually browsing the internet—similar to leafing through a
newspaper or magazine. Instead, in the majority of cases, they
are specifically searching for a specific content. Precisely because
the views of the “WISSEN WAS” videos are not triggered by
the school curriculum, we try to better address the individual
interests and preferences of the users. Against this background,
the establishment of an own community gains particular
importance, ensuring a certain independence from search
algorithms. This could enable us, in the long run, to introduce
scientific topics of relevance to our society where Max Planck
scientists have achieved new insights and results, but which are
not yet in the focus of our target group. In principle, however, the
followingmust be stated: through the algorithmically determined
infrastructure of the video platform, science communication has
changed and is subject to new rules. As a research organization,
we try to approach the role, production, and mediation
logics (Geipel, 2018), which are shaped by the platform, with
different concepts—and with different success, which has to be
reviewed critically.

The analyzed period from January to August 2020 overlaps
with a global pandemic, which may have influenced learning and
online behavior. Nevertheless, we cannot see any major impact.
However, we have not yet further investigated this topic.

We would also like to point out that we used YouTube’s
analysis software to collect the data for this paper. An external
and completely independent tool with its own tracking snippet,
as used on websites, is not possible for the visitor analysis on
YouTube in this way.
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More and more people are turning to YouTube to expand their knowledge, develop

their understanding, and learn new skills. These “casual learners”—loosely defined as

individuals who are curious about a topic and are self-motivated to learn more about it—

are taking advantage of the ease with which nearly anyone with an internet connection,

basic video skills, and something to say, can become a YouTube “creator.” However,

amidst a dizzying array of videos purporting to educate or otherwise inform viewers,

academic content-creators are notable by their lack of presence on the platform. Here,

there are largely-untapped opportunities for academics to contribute to the richness,

diversity and trustworthiness of video content available to casual learners, and to

effectively mobilize their knowledge at scale. There is also a pressing need for diversity

in casual learning content, including diversity in creator gender, identity, ethnicity, and

perspective, and academics are uniquely positioned to address this need. Drawing on

the author’s experiences in developing and producing the YouTube channel Risk Bites,

this perspective explores how time, resource, and even talent-limited academics can

nevertheless leverage YouTube as a platform for further mobilizing their knowledge for

public good.

Keywords: YouTube, science communication, casual learning, informal online learning, academic content

creation, knowledge mobilization

INTRODUCTION

Since its launch in 2005, YouTube has emerged as a versatile educational platform (Sherer and
Shea, 2011; Snelson, 2011) and perhaps one of the most influential online platforms for casual
(or informal online) learning (Duffy, 2008; Brossard and Scheufele, 2013; Maynard, 2016, 2017;
Welbourne and Grant, 2016). Despite this, academic experts have struggled to make effective use
of YouTube and similar platforms for effective and impactful knowledge mobilization, in spite
of growing expectations that research and scholarship are connected more effectively to socially
relevant issues and outcomes. This seeming-disconnect between holders of knowledge within
academia, and consumers of knowledge (or what masquerades as knowledge) on YouTube, has
long intrigued me as a university professor and science communicator—so much so that, in 2012, I
set out to explore how academic experts with little to no institutional support can effectively utilize
the platform in providing YouTube users with accessible and engaging content that represents the
cutting edge of current knowledge. The result was the YouTube channel Risk Bites1, and 8 years
of learning the hard way what works and what doesn’t as an academic who also aspires to be a
YouTube content creator.

1YouTube: Risk Bites http://youtube.com/riskbites (accessed June 4, 2020).
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In setting out on this journey, I was particularly
interested in how individuals with no institutional support
or communication-specific funding, but with a passion for
making their knowledge accessible and useful to others, could
effectively use YouTube as a casual learning platform—where
casual learners are loosely defined as individuals who are curious
about a topic and are self-motivated to learn more about it
(Maynard, 2016).

Sadly, effective public communication as a social good
remains under resourced in many academic institutions, and
one consequence of this is that academics who take such a
role seriously often need to resort to modes of communication
that they can squeeze between the cracks in a profession
that is extremely demanding of their time and attention.
Within this context, I set out to better understand as a
practitioner how time-constrained academics interested in public
education/communication could leverage the opportunities
afforded by YouTube to reach wider audiences and engage in
effective knowledge mobilization at scale.

This paper draws on that journey as it provides a personal
perspective on the opportunities and challenges that the
democratization of online video-based communication and
education opens up to independent academic experts. In doing
so, it considers ways in which academics may succeed as
YouTube “stars”—not in the conventional sense of online
stardom, but in the sense of effectively mobilizing their
knowledge for online audiences, and making it accessible to
casual learners in a form that is relevant, impactful, and scalable.

WHY YOUTUBE?

Over the past several years, the ways people learn and the
various roles of learning in society, have been undergoing a
number of transformations (Brown and Adler, 2008; Thomas
and Brown, 2011, 2012; Peters et al., 2014). In particular, the
emergence of new technologies, shifts in social systems, norms
and expectations, and the continuing march of automation, are
together calling into question how we learn and what we learn.
One consequence of this has been a growing shift toward online
informal self-directed, or casual, learning, where users actively
seek out the knowledge they are interested in (Song and Bonk,
2016; Welbourne and Grant, 2016; Peters and Romero, 2019).
This form of learning is endemic within generations who have
grown up with Google and near-ubiquitous internet access, and
where information (although not necessarily knowledge) is often
a mere search box or smart-speaker query away.

Within this casual learning environment, YouTube has arisen
as one of the most widely used platforms for informally acquiring
new skills and knowledge. The platform is purportedly the largest
search engine in the world after Google,2 and is increasingly a go-
to platform for learning specific skills. It’s where casual learners
turn if they want to know how to mend a leaking toilet, or try
a new hairstyle, or bake bread, learn to paint landscapes, ace an

2Search Engine Journal: Meet the 7 Most Popular Search Engines in the World
https://www.searchenginejournal.com/seo-101/meet-search-engines/ (accessed 4
June, 2020).

interview, or master a myriad other practical techniques. But it
is also where a growing number of users are turning to expand
their understanding and to learn more broadly. As a result,
there is a growing breadth and depth of knowledge-content
on YouTube that dives deep into areas such as mathematics,
philosophy, history, and science (social as well as natural), and
that provides casual learners with access to material that was
previously confined to academic books, peer review papers, and
tuition-based college and university classes.

This content is being spurred on by a growing global desire
for learning that is not being met through conventional channels,
and that is reflected in the popularity of Massive Open Online
Courses (MOOCs) (Breslow et al., 2013) and movements, such
as TED (Technology, Entertainment, and Design) (Sugimoto
and Thelwall, 2013). This is a desire that, I suspect, is being
stimulated in part by living in a world of rapidly changing
technological capabilities and social norms, where conventional
educational platforms are not keeping up with the need for agility
in developing new skills and understanding. But it also reflects
the natural curiosity and innate desire to learn that many of us
possess. Here, YouTube is enabling people to satisfy this curiosity
on their own terms, without the constraints imposed by formal
educational establishments.

Perhaps reflecting this, YouTube reportedly has over 2 billion
users who watch over a billion hours of video each day,3 and
according to the Pew Research Center, it continues to be the most
widely used online platform in the US, with 81% of 15–25 years
old and 73% of adults claiming to use it at some time (Perrin
and Anderson, 2019). Of course, many YouTube users will be
looking for content that is entertaining, and that is associated
with and reinforces their online social community and identity.
Of these, only a relatively small subset of users are likely to be
explicitly seeking educational content. Yet the very nature of
casual learning blurs the lines between how content is defined,
meaning that many YouTube users are likely learning from a
broad diversity of video types, styles and genres, irrespective of
how content creators or researchers categorize them.

Within this online learning environment, a number of
educational content creators have become highly successful in
terms of video views and the numbers of people subscribing
to their channels. For example, at the time of writing, Minute
Physics4—an early trend-setter in science content on YouTube—
has over 5 million subscribers and over 440 million views.
Vsauce5—another early pioneer in casual learning-oriented
content—has close to 16 million subscribers, and over 1.8 billion
views. CrashCourse6—a learning channel launched by Hank and
John Green in 2012—has nearly 11 million subscribers, and
over 1.2 billion views. And Khan Academy7—an early leader in

3YouTube: YouTube for Press https://www.youtube.com/intl/en-GB/about/press/
(accessed June 4, 2020).
4Minute Physics: https://www.youtube.com/user/minutephysics (accessed June 4,
2020).
5VSauce: https://www.youtube.com/user/vsauce (accessed June 4, 2020).
6CrashCourse: https://www.youtube.com/user/crashcourse (accessed June 4,
2020).
7Khan Academy: https://www.youtube.com/user/khanacademy (accessed June 4,
2020).
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simple video-based educational instruction—has over 5.7 million
subscribers and 1.7 billion views.

The learning-reach implied by these numbers is substantial,
and these are just a few of the many YouTube channels that
combine sought-after educational content with views in the
millions or billions. These figures attest to a deep interest
amongst users for educational content, and the potential for
educational channels on YouTube to reach large numbers of
casual learners. And yet, while many of these channels are
produced by experts, or draw on the knowledge of experts,
very few are produced by individual academics as part of their
public communication and/or knowledge mobilization efforts.
Even at substantially lower levels of reach and engagement (such
as YouTube channels with thousands of subscribers and tens
of thousands of views) successful academic content creators are
hard to find.

This is problematic, both with respect to the implications for
how much knowledge residing in academia that is not being
mobilized and contributing to social value creation through
YouTube, and in terms of the quality and trustworthiness of
content that is, in turn, filling the resulting vacuum.

On this latter point, there is rising concern around the use of
YouTube and other social media platforms to promote false and
misleading information (Briones et al., 2012; Donzelli et al., 2018;
Allgaier, 2019; Scheufele and Krause, 2019; Ahmed et al., 2020).
And the reality is that, as online platforms continue to enable a
rapid scaling of one-to-many communication that is independent
of the validity or trustworthiness of the content, there is a
growing danger around potentially harmful misinformation
propagating through society. Yet this only serves to emphasize
the importance of academics developing the skills and abilities
to act as counterweights to misleading and mischievous content
masquerading as authoritative educational material.

Of course, many prominent educational channels on YouTube
provide exceptionally high-quality content that is expertly crafted
by professionals for the audiences they serve. And it would be
naïve to assume that individual academic content creators could
and should aspire to compete with them on the same grounds—
especially as they have many other commitments on their time
and attention to balance. And yet, despite the presence of these
professional education channels, YouTube remains rife with poor
and misleading content that is returned in searches by casual
learners, and that is challenging for them to sift through.

In addition to the tension between accurate and informative
vs. inaccurate and misleading information, there are also gaps
in YouTube content where leading educational creators simply
do not have the time or the impetus to produce the diversity of
material that casual learners are looking for. This is exacerbated
by successful content creators often pursuing business models
that are based on ad-revenues which are, in turn, driven by user
views. And while this is a model that can and does support high
quality content, it is also one that prioritizes popular content over
useful content.

The result is a landscape of authoritative, accessible and
informative content for casual learners on YouTube that is far
from comprehensive, and a community of professional content-
producers who, despite their best efforts, are unable to meet

the needs of users—especially in niche areas. And it was this
gap between content-production and content-demand that got
me asking in 2012 what it might take for academic content-
creators to become increasingly successful in using YouTube
for knowledge mobilization, and what might define success in
this context.

RISK BITES

Prior to 2011, I had relatively little interest in YouTube. As well as
being a professor at a research university, I was an active science
communicator, writing and talking widely about the responsible
development and use of nanotechnologies and other emerging
technologies. And I’d occasionally used the platform to post-
videos relevant to my work. But it wasn’t until my then-teenage
daughter and son introduced me to how some communities were
using YouTube that I began to explore more deeply how it might
be utilized by academics with an interest in public education
and communication.

In July 2011, my daughter and son persuaded me to
accompany them to VidCon—an annual convention dedicated
to online video that was originally conceived by the authors
and YouTube creators John and Hank Green. At the time,
my daughter was a member of an international YouTube
collaborative channel, and deeply engaged with the online
community fostered by the Green brothers.

This was the second year the convention had been held, and it
was still small and informal enough for top YouTube creators to
mix and engage relatively freely with their fans. At the start of the
convention, I was mildly curious about what was happening with
YouTube around science communication and education. But by
the end of it, I was convinced that this was a platform that offered
academic content creators a unique opportunity to make what
they know accessible to others—and the seeds for the educational
channel Risk Bites were sown.

Under the curation of John and Hank Green, VidCon 2011
had a strong focus on educational content creators. This is where
I was introduced to a foundational community of creators who
had either set out to make educational content that was highly
accessible and engaging (such as Derek Muller and Veritasium,8

and Henry Reich and Minute Physics), or had morphed into
educational content (such as the channel Vsauce). What struck
me most though was the combination of authenticity and
simplicity that many of these creators represented, together
with an ability to reach hundreds of thousands, if not millions,
of viewers. Using the simplest of methods—at least on the
surface—creators, such as Henry Reich, Vi Hart,9 and others were
demonstrating that, equipped with a video camera, whiteboard
(or sheet of paper) and a handful of pens, anyone with
knowledge to share and some patience could become a successful
YouTube creator.

Of course, it wasn’t quite this simple. But after the
convention, I was intrigued by whether someone like myself—an
academic with deep expertise in risk, emerging technologies and

8Veritasium: https://www.youtube.com/user/1veritasium (accessed June 4, 2020).
9Vihart: https://www.youtube.com/user/Vihart (accessed June 4, 2020).
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responsible innovation, but little creative talent, less time, and no
training—could also leverage the platform as a way of making
accessible what I knew to others.

My motivation here was 3-fold. As a science communicator,
I was interested in better-understanding how YouTube could
be used for user-centric communication, where viewers are the
arbiters of what is worth their time to watch. As an educator, I
was intrigued with the potential to make what I taught inside
relatively small limited-access classrooms publicly accessible at
scale, to thousands, or even tens of thousands of YouTube users.
And as an academic, I wanted to know if it was possible to develop
a video creation process that would empower people in a similar
position to myself to make their knowledge freely accessible to
others within the constraints of having little time or perceived
ability, and often with little to no institutional support.

The result was the channel Risk Bites,10 which soft-launched
in July 2012, and formally launched in November the same year.

VIDEO CONTENT-CREATION FOR TIME

AND TALENT-LIMITED ACADEMICS

Given my lack of time, resources, and talent as a video-creator,
Risk Bites was designed and developed around a concept that
worked within these limitations to produce content that was
engaging, informative, and useful. Drawing on my work around
risk (which spans conventional risk assessment to the potential
risks of emerging technologies and novel approaches to value
protection and creation11), the channel focused (and still does)
on making the science of risk engaging, accessible and useful to
a broad audience. Within this, a style was developed that was
loosely based on the simple drawings of Minute Physics and the
screen-drawings used by Kahn Academy, and was modulated
by my limited skills with a whiteboard, which consisted of
the simplest possible stick figures, geometric shapes, and the
occasional written word.

Given the constraints of time, ability and resources, a
workflow was developed that was designed to support the
effective production of videos that appealed to viewers despite
their obvious limitations. Here, four factors were paramount:
developing content built on a highly professional foundation,
even where the results appeared somewhat informal; building
videos around a tightly focused and constructed script that is easy
to follow, engaging and as jargon-free as possible; ensuring the
narration and audio quality were as high as could be achieved
with available resources; and staying true to my personality,
perspectives and interests as an expert and creator.

These factors were codified into a workflow for producing
tightly-scripted 3–5min videos that continues to underpin the
channel’s content, and which is outlined in Table 1.

With some practice, this workflow enabled the production of
a ∼3–5min video with around 10–15 h effort, that reflected my
expertise and was relevant and accessible to a wide audience.
It also allowed for the rapid production of highly-responsive

10Risk Bites: https://www.youtube.com/user/riskbites (accessed June 4, 2020).
11See, for instance, the work of the Arizona State University Risk Innovation
Nexus: http://riskinnovation.org (accessed November 29, 2020).

TABLE 1 | Workflow followed for Risk Bites from the initial idea to the final videoa.

Step Process Details

1. Focus Identify a clear,

constrained and

relevant topic for the

video

Ensure that the video is focused on a

topic of potential interest and

relevance to casual learners, and that

it stays on topic.

2. Script Develop a tightly

focused 3–5min script

that tells a story, is

engaging, and that is

accurate and

informative

Draw viewers in, keep them engaged

and entertained, and leave them with

new knowledge and insights. Ensure

the script is easy to follow and

understandable when read aloud,

engaging, and as far as possible,

jargon-free.

3. Storyboard Sketch out each unique

scene in the video,

based on the script

Plan the video’s visuals so that they

help tell the story and inform the

viewer, while complimenting the script

4. Voiceover Record the video

voiceover and add a

music track that

compliments and

enhances the video.

Provide a compelling narrative and

music track for the video. A

sufficiently high-quality voiceover is

possible to record using a

smartphone in an acoustically dead

space.

5. Filming Film each scene being

drawn out on a

whiteboard (or other

media, such as a sheet

of paper, or a tablet)

Capture the raw material for the

video. With practice, a smart phone

can be used to capture video of

sufficient quality.

6. Editing Combine video and

audio

Using a video editing app, match the

video to voiceover/soundtrack

through speeding up video clips and

inserting stills.

7. Finishing

touches

Add titles and credits,

refine video, and check

for quality before

finalizing.

Finalize the video, and check multiple

times that the content is accurate,

that the phrasing and cadence of the

video is engaging, and that there are

no errors or glitches.

8. Publication Post to YouTube Make sure to include closed captions

on all videos to ensure accessibility,

and links to additional resources, as

well as a descriptive title and blurb.

Optimize the video title, description

and keywords for Search Engine

Optimization.

aMore information on this workflow is available at Science Videos made Simple: https://

therealandrewmaynard.com/videos-introduction/ (accessed June 1, 2020).

videos where there was an emerging need. For instance, it took
around 12 h from initial concept to publication for the 2014
video “5 Things Worth Knowing about Ebola.”12 And somewhat
uniquely, it enabled the production of videos that reflect nuances
and subtleties in expertise and insight which are common in the
classroom, but hard to replicate by video producers who are not
also domain experts.

By utilizing this workflow and taking advantage of the
simplicity of whiteboard-style videos, Risk Bites has developed
into a niche YouTube channel that is effective at reaching specific
audiences. At the time of writing, the channel has over 15,400

12Risk Bites: 5 things worth knowing about the risks of Ebola: https://www.
youtube.com/watch?v=jRv5zZUcWRc (accessed June 4, 2020).
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subscribers and 100 public videos that have been watched over
2.6 million times, with aggregated channel videos being watched
nearly 100 h per day on average.13 These numbers are not high
compared to the top science channels on YouTube. But for a
channel produced as a side-project by a full-time academic, they
represent a substantial reach.

This reach becomes more apparent when watch-time is
compared to in-class face-time with students. 100 h is roughly
equivalent to individual student-instructor face-time associated
with teaching seven students in a one-credit course over a
semester (assuming a 15-weeks semester). In other words, each
day, Risk Bites videos have a similar reach to a small semester-
long class. By this metric, 100 h per day of YouTube watch-
time over 15 weeks is similar to the student-instructor face-time
associated with teaching 105 such courses over a semester, or
teaching 735 students in a one-credit course or 245 students in
a 3-credit course.

Of course, these comparisons are flawed, as class-based
teaching involves far more than face to face lecturing (or
equivalent). And unlike education within a structured learning
environment, there is no clear association with YouTube videos
between watch-time and measurable learning with respect to
specific learning objectives. To complicate matters further,
watch-time is not associated with the number of users who view
videos in their entirety (many videos are only watched for a
fraction of their duration). Yet despite this, the comparisons serve
as a crude yet useful indicator of the potential reach and impact
of even a relatively modest YouTube channel.

Useful as video views and watch-time are in indicating reach
and impact though, it’s also helpful to gain insights into who
is engaging with content, and how it is relevant to them.
Here, subjective indicators of success used by Risk Bites have
included requests for permission to use videos as an education or
training resource, and requests for new videos (or collaborations)
addressing specific topics.

Since the channel’s formation, a number of its videos have
been used as class resources around the world, or bymedia outlets
to explain complex topics. These uses are not always reflected
in YouTube analytics, and so are sometimes hard to track. But
where they can be, they help indicate the value, utility and reach
of the channel’s content.

Video collaborations, and requests for videos on specific
topics, further establish the value of the channel to others.
Since its launch, over 20% of videos produced have involved
collaborations of one form or another. For example, the
video “TOX21: A New Way to Evaluate Chemical Safety
and assess risk”14 was produced at the request of the
International Life Science Institute North America (ILSI NA—an
organization which I am affiliated with) and with collaborators
from the US Environmental Protection Agency, and the
Environmental Defense Fund (EDF). And the video “What Does

13BetweenMarch 6, 2020 and June 3, 2020, videos across the channel were watched
97 h per day on average.
14Risk Bites: TOX21: A New Way to Evaluate Chemical Safety and assess risk:
https://www.youtube.com/watch?v=vKhn1HRXgn8 (accessed June 4, 2020).

‘Probably Causes Cancer’ Mean?”15 was a collaboration with the
online environmental magazine Grist. More recently, “A social
distancing guide for students living with coronavirus”16 came out
of a collaboration with two prominent public health experts. And
in 2017, the Swiss National Science Foundation supported a series
of videos on nanotechnology research that were directly inspired
by Risk Bites.17 These and other collaborative videos indicate a
level of recognition for the relevance and impact of the channel
that transcends metrics, such as views and aggregated view time.

A more quantitative metric that is also indicative of
engagement—although one that is not straight forward to
interpret—is the average percentage of each video that is viewed.
Anecdotally, many YouTube videos show a sharp drop-off in
viewer-retention by the half-way point with (a phenomenon
borne out on Risk Bites). While this leads to a rather subjective
metric of engagement, videos with a low average percentage
of video viewed may be considered to be poorly successful
in engaging their audience, while those with a high average
percentage of video viewed may be considered to be reasonably
successful. However, the percentages that delineate high/low
success are not well-defined. While there are no hard and fast
rules here, and a paucity of related quantitative studies, a general
rule of thumb is that videos which lose most viewers in the
first few seconds are not particularly effective, while that those
which have average percentage views above 60–70% are good
performers. Videos with an average percentage view duration
around 50% are often considered to be adequate performers
(Lang, 2013).

Average percentage view duration is commonly used in the
context of video optimization with respect to monetization,
where sustained viewing increases the potential of revenue from
ads. However, it is also useful for assessing and, where necessary,
increasing engagement levels amongst casual learners. As with
most YouTube channels, the range of average percentage view
duration on Risk Bites is wide. Between May 7–June 3 2020
for instance, amongst the 50 most-watched videos, the top
average percentage view duration was 82% and the lowest was
12%, with both the mean and the median sitting at 54%. This
suggests a reasonable level of engagement across the channel,
and the presence of some videos that are engaging viewers
to a high degree. But it also indicates that there is scope for
creating content that is more successful in retaining the attention
of viewers—although as creators have little control over who
watches their videos, there will always be a percentage of viewers
who quickly realize a video isn’t for them.

Beyond average percentage view duration, another metric has
emerged over the course of working on Risk Bites that is partially
quantifiable, and perhaps provides an even greater indication of
video alignment with casual learner interests: YouTube search
rank. This, it should be noted, is an unreliable metric, as the

15Risk Bites: What Does “Probably Causes Cancer” Mean? https://www.youtube.
com/watch?v=CbBkB81ySxQ (accessed June 4, 2020).
16Risk Bites: A social distancing guide for students living with coronavirus: https://
www.youtube.com/watch?v=BzfueLoRjwM (accessed June 11, 2020).
17NRP 64—Opportunities and risks of nanomaterials: https://www.youtube.com/
playlist?list=PL1tMJ7C04BiZqtwOaXKaj0kla_onlexV7 (accessed June 4, 2020).

Frontiers in Communication | www.frontiersin.org 5 February 2021 | Volume 5 | Article 572181145

https://www.youtube.com/watch?v=vKhn1HRXgn8
https://www.youtube.com/watch?v=CbBkB81ySxQ
https://www.youtube.com/watch?v=CbBkB81ySxQ
https://www.youtube.com/watch?v=BzfueLoRjwM
https://www.youtube.com/watch?v=BzfueLoRjwM
https://www.youtube.com/playlist?list=PL1tMJ7C04BiZqtwOaXKaj0kla_onlexV7
https://www.youtube.com/playlist?list=PL1tMJ7C04BiZqtwOaXKaj0kla_onlexV7
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


Maynard Succeeding as an Academic YouTube-Creator

YouTube search algorithm is opaque, dynamic, and context-
dependent. Yet within these limitations, videos that are within the
top ten YouTube search results for given keywords and phrases
are more likely to be reaching and serving their target audience.

For the past few years, the success of Risk Bites videos has
increasingly been assessed by their YouTube search ranking
for keywords and phrases associated with their content, and
videos have been actively optimized to increase their search
rank. This has typically been carried out with the aid of a
video optimization plugin, such as VidIQ that helps guide search
engine optimization (SEO). Here, search ranking has proved to
be a useful tool for assessing the degree to which videos are
potentially reaching target audiences, and has indicated a number
of notable successes.

For example, the video “What is Nanotechnology” posted in
2016,18 is one of the top videos returned in the US for YouTube
searches for “nanotechnology,” “what is nanotechnology,” or
“nanotechnology risks.” “Hazard and Risk – What’s the
difference?” (2014)19 is likewise in the top returned items for
searches on “hazard vs risk” and “hazard and risk.” And “Ten
risks presented by Artificial Intelligence” (2018)20 is amongst the
top videos returned on a search for “AI risk” or “Ethical AI.”

This focus on search rank for keywords and phrases, rather
than absolute views and watch-time, helps refocus efforts on
meeting the needs and interests of particular communities of
casual learners, rather than competing against channels that are
geared toward optimizing views and advertising revenue. Here, it
is worth noting that, while the first two videos cited above have
relatively high numbers of views for an academic-creator channel
(574,000 for nanotechnology, and 130,000 for hazard and risk),
the third does not (19,000 views)—despite clearlymeeting an area
of interest amongst a subset of YouTube users.

Search rank can, of course, be misleading. As well as
being context-dependent, it is time-dependent, and an initially
successful video may drop in rank as it gets older (although
constant attention to SEO can help alleviate this). Yet it remains
a useful metric nevertheless for academic content-creators who
are looking for indications of whether their videos are having a
justifiable impact.

LESSONS LEARNED

Looking back over the past 8 years of producing Risk Bites,
perhaps the greatest personal lesson has been that it is not only
possible for time and talent-limited academics to be successful on
YouTube—as long as appropriate metrics of success are used—
but that there is an urgent and growing need for more content
creators in this domain. I was curious though as to whether
my perspective aligned with that of more successful professional
YouTube creators serving casual learners. And so I reached out

18Risk Bites: What is Nanotechnology: https://www.youtube.com/watch?v=
DAOFpgocfrg (accessed June 4, 2020).
19Risk Bites: Hazard and Risk” What’s the Difference? https://www.youtube.com/
watch?v=_GwVTdsnN1E (accessed June 4, 2020).
20Risk Bites: Ten risks presented by Artificial Intelligence: https://www.youtube.
com/watch?v=1oeoosMrJz4 (accessed June 4, 2020).

to Hank Green, co-founder of the channels CrashCourse and
SciShow and the production company Complexly, and a leading
producer of YouTube science content, to get his sense of the
opportunities that YouTube provides academic content-creators,
and in particular whether the platform is simply too dominated
by professional producers these days for academics to be able to
thrive on it.

Green’s perspective aligned with my own experiences: he was
clear that there remains plenty of space “for higher-level content
that explains things people need to know for work or education. . .
and whether that content is going to be self-sustaining through
advertising (it almost definitely won’t be) is a completely different
question than whether it will improve people’s education and
provide opportunities for the career of the creator” (Hank Green,
personal communication).

Green also emphasized in his response that “more people
doing this is better because different people like learning from
different types of content” (personal communication). Based on
my experiences with Risk Bites, this is especially important,
in that being an academic content-creator is not about being
the best, or being the most viewed or most popular content-
creator, but about providing casual learners with resources that
match their needs and interests—even if this is a small and select
community of casual learners.

So where does this leave academics with little time and (in
some, although not all cases) not much video-creation training
or skill, but with a vision for empowering casual learners
through YouTube and other video sharing platforms? Based
on my personal experiences with Risk Bites and talking with
others, the following six areas provide a framework for helping
provide meaningful and impactful content to a growing number
of YouTube users the world over who are hungry for new
knowledge and insights in a rapidly changing world.

Developing a User-Centric Mindset
Casual learners on YouTube are curious, intrigued by novel ideas,
and actively seeking new knowledge, insights and skills. But they
do this on their own terms, and are free to ignore or walk away
from content that doesn’t interest them, or that they find off-
putting. Because of this, academic content-creators need to focus
on what casual learners are looking for, what will engage and
inform them, and what will keep their attention, if they are to
succeed. Because this is not a captive audience, taking the attitude
that viewers should watch your videos because of who you are and
what you have to say, is a near-certain pathway to failure.

Working With What You’ve Got
You don’t need to be a professional video creator, have
professional video equipment, or be a great artist or animator, to
make highly effective content for casual learners—a smartphone
and a basic video editing app is the entry point for many creators.
Of course, there are some basic rules of thumb for creating
engaging and informative videos, including having a clear focus
and a compelling narrative. But with practice, most academics
have the potential to make impactful videos with the skills and
resources they have. That said, within the constraints of working
with what you’ve got, being professional where it counts, such
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as in the authority and accessibility of content, is important,
especially when it comes to creating an engaging, accessible, and
accurate narrative.

Nurturing Authenticity
Passion, personality, and being real about who you are and what
you’re communicating about, create compelling connections
with viewers. And while the data are largely anecdotal here,
there are indications that casual learners gravitate toward content
that is authentic—content that doesn’t cynically try to convince
viewers to think a certain way or to mislead them, and isn’t
necessarily highly polished and “corporate,” yet is infused with
the creator’s enthusiasm, personality, and perspective. This has
certainly been my experience with Risk Bites where, even
though I’m sometimes embarrassed by the poor quality of
my animations, viewers constantly inform me that it’s the
authenticity of the videos that draws them in. Of course, being
authentic will also mean that some casual learners won’t resonate
with your style, and different domains and audiences often have
varying expectations around video production. For instance,
audiences used to high-quality (and often expensive) graphics
and special effects, may balk at the use of simple hand-drawings.
Yet as more academics create authentic YouTube content, a
growing diversity of styles and approaches will provide viewers
with an increasingly rich array of informative content to learn
from and benefit from.

Developing and Delivering Compelling

Scripts
The more I’ve worked on developing short, accessible YouTube
videos for casual learners, the more I’ve come to realize how
foundational it is to start from a focused and compelling script
rather than ad libbing. Successful scripts let viewers know where
a video is taking them in the first few seconds, and keep them
hooked for the remainder of the content. They avoid long-winded
explanations and stay tightly focused on the central topic. They
rely on a language and style that appeals to and resonates with
viewers. And they inform and engage without being patronizing.
This is where it’s important to have the discipline to cut out all
but the most essential information from the story you setting
out to tell, and to repeatedly read the script aloud as you edit it.
It’s equally important to deliver the script in a way that engages
viewers. This can vary with audience, with some preferring a
more measured pace, and others a more fast-paced delivery
(the latter being increasingly expected by younger audiences).
In all cases though, scripts should be delivered with a level of
expression, cadence and modulations in speed that is not typical
in everyday conversation, yet draws viewers in.

Identifying Appropriate Metrics, and

Maximizing Content With Respect to These
Perhaps the biggest lesson from creating Risk Bites videos has
been the importance of identifying metrics of success that are
based on impact within specific communities of casual learners.
Of course, absolute numbers related to content views, channel
subscribers, and video watch-time, can be useful metrics if the
intent is to reach as many people as possible. But interest in

particular educational topics is often limited, meaning that video
content designed to meet the specific needs of casual learners
will rarely attract millions of views. Rather, by identifying metrics
that indicate how content is connecting with specific audiences, it
becomes possible to assess and build on the success of videos that
may only have a few thousand views, but nevertheless provide an
important online learning resource.

With Risk Bites, these metrics are increasingly focused on
search rank with respect to key words and phrases, and the
percentage of each video that is watched by viewers. But with
other content, different metrics may provide the insights needed
into whether videos are effectively connecting with intended
audiences. Irrespective of the metrics used though, success
depends on proactively ensuring that content is discoverable
and accessible. This includes paying attention to title wording
and length, video descriptions and associated material, keywords,
and a number of other ways in which content may be optimized
on YouTube—including accessibility options, such as adding
closed captions (an essential element of any videos designed
for casual learners). Here, search engine optimization won’t
necessarily transform an unsuccessful video into a successful one.
But if the intention is to reach self-directed learners as effectively
as possible, it is a critical part of the process.

Encouraging and Supporting Others
Finally, while YouTube provides a uniquely powerful platform
for academics to make their knowledge and insights accessible
to casual learners and public audiences more broadly, success is
critically dependent on the support of others. This includes the
willingness of institutions, colleagues, and users to proactively
highlight and share video content, as this is one way casual
learners become aware of it—perhaps one of the greatest fallacies
surrounding academic-produced content is that good work
speaks for itself; in the world of social media and online content,
good work becomes buried, hidden, and ultimately, irrelevant, if
it isn’t promoted and shared by others.

Of course, asking others to share your work is often difficult.
But one of the easiest ways in which online content created by
academics can get more traction is by academics who are active
online proactively sharing and highlighting the work of their
colleagues without being asked. If you are an academic with
a passion for making your work accessible through YouTube,
one of the most important things you can do is to lead by
example and share the work of your peers. This is how a
grassroots community of practice emerges that has the potential
for substantial and widespread impact that transcends the reach
of any one individual creator.

LOOKING FORWARD

Beyond the channels that succeed in attracting views in the
billions, YouTube continues to provide academics with a unique
yet still deeply under-utilized platform for directly making their
knowledge, expertise and insights accessible to casual learners the
world over. And while some learning is required on the part of
academic content-creators to use the platform effectively, it offers
a powerful opportunity for increasing the flow of knowledge
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and understanding from experts to users. This is an opportunity
that it behooves the academic community to take seriously if
their intent is to have broad societal impact through their work.
And it is perhaps more important now than ever as casual
learners face an ever-growing number of uninformative or even
purposely misleading videos on YouTube that are nevertheless
enticing and accessible, and that masquerade as trustworthy
content. By increasing the amount and scope of engaging and
informative content produced by academic creators, there exists
an opportunity to tip the balance toward a diversity of informed
and instructional content that will serve the interests of YouTube
users looking for trustworthy content that is uniquely applicable
and accessible to them.

As the past 8 years’ experiences with Risk Bites have shown,
it is possible for time and talent-constrained academics to be
successful in creating YouTube content that serves the needs and
interests of these users. Naturally, it takes time and skill to do this
well, but nothing beyond what an academic with a passion for
making their learning accessible to others is capable of achieving.
And of course, whiteboard-style videos are just one of many
ways in which creative academics can and are using YouTube as
an effective casual learning platform. From my own perspective
as an academic, an educator, and a YouTube creator, this is a
critically important opportunity. As more and more people look
to online platforms for the knowledge and skills they need to
thrive in a rapidly changing world, there’s a growing need for
experts in all fields to embrace these platforms as they strive to
make what they know accessible and useful to those who can
benefit from it.

There is also a critical need for diversity in casual learning
content—diversity in creator gender, identity, and ethnicity, in
perspectives, in how content is conveyed, in design and style,
and in many other areas. Casual learners need content that they
identify with, and that engages and draws them in. And not
everyone learns in the same way, or will connect with the same
type of content. But casual learners also need access to content
that is developed and delivered by people whom they identify
with and are inspired by. There is no excuse for the academic
community not to proactively encourage and support a diversity
of creators who represent and resonate with an equally diverse
community of casual learners (Amarasekara and Grant, 2019).

Of course, practice needs to be informed by evidence, and
there remains a pressing need for further research into how
casual learners use YouTube and other video platforms, and
how experts can effectively use these platforms to mobilize their
knowledge in the service of these self-directed learners. This
includes research into different ways of defining and measuring
impact, and increasing impact amongst key audiences. Yet even
as research in this domain expands and matures, there is nothing
to stop academics with a desire to increase the social relevance
of their work from picking up their smartphone or similar, and
becoming an academic YouTube “star”—not in the conventional
sense of professional content creators with millions of views, but
as someone who ably and willingly serves communities who are
actively seeking the knowledge they hold.
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Negotiating the Data Deluge on
YouTube: Practices of Knowledge
Appropriation and Articulated
Ambiguity Around Visual Scenarios of
Sea-Level Rise Futures
Simon David Hirsbrunner*
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The present study aims at evaluating how YouTube users understand, negotiate and
appropriate science-related knowledge on YouTube. It is informed by the qualitative
analysis of post-video discussions around visual scenarios of sea-level rise (SLR) triggered
by climate change. On the one hand, the SLR maps have an exemplary status as
contemporary visualizations of climate change risks, beyond traditional image
categories such as scientific or popular imagery. YouTube, on the other hand, is a
convenient media environment to investigate the situated appropriation of such visual
knowledge, considering its increasing relevance as a navigational platform to provide,
search, consume and debate science-related information. The paper draws on media
practice theory and operationalizes digital methods and qualitative coding informed by
Grounded Theory. It characterizes a number of communicative practices of articulated
knowledge appropriation regarding climate knowledge. This includes “locating impacts,”
“demanding representation,” “envisioning further,” “debating future action,” “relativizing
the information,” “challenging the reality of anthropogenic climate change,” “embedding
popular narratives,” “attributing to politics,” and “insulting others.” The article then
discusses broader questions posed by the comments and related to the appropriation
and discursive negotiation of knowledge within online video-sharing platforms. Ambiguity
is identified as a major feature within the practice of science-related information retrieval
and knowledge appropriation on YouTube. This consideration then serves as an
opportunity to reconsider the relationship between information credibility and
knowledge appropriation in the age of the digital. Findings suggest that ambiguity of
information can have a positive impact on problem definition, future imagination and the
discursive negotiation of climate change.
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INTRODUCTION

“Images are made and used in all sorts of ways by different people
for different reasons, and these makings and uses are crucial to
the meanings an image carries”

(Gillian Rose, 2001, 14).

Images have played a crucial role in mediating scientific
knowledge between various publics. They have helped to think
about complex issues and negotiate meaning from abstract
categories such as numbers and concepts for a long time. This is
particularly true for the issue of climate change, with its perceived
abstractness, invisibility, and futurity (Doyle 2009, 2011; Manzo
2009; 2010; O’Neill and Nicholson-Cole 2009; O’Neill and Smith
2014). The iconography of climate change can be described as a
competition between two families of pictures–those trying to grasp
the global, complex and virtual of environmental change, and those
focusing on the local, concrete, vulnerable and personal. Proponents
of the first type of images mainly take the form of charts and maps
representing scientific results, particularly data outputs from
computer simulations. Some of these data visualizations have
frequently made it into the news, international policy
negotiations, and other spheres of public debate. Examples, which
have also been discussed from the perspectives of various academic
disciplines, include the “hockey stick” (Montford 2010;Walsh 2014),
the “burning worlds” (Schneider 2012; 2016; 2017) and the “burning
embers” (Mahony and Hulme 2012). The second heterogenous class
of images tried for a long time to balance out the shortcomings of
these diagrammatic devices, which were often perceived as
distancing and failing to mobilize people to care more about the
climate and its changes. As an antidote, the public was flooded with
motives of polar bears, vulnerable landscapes, individuals affected,
technological solutions and empowered communities. Movies such
as Al Gore’s An Inconvenient Truth have tried to combine the
benefits of different image types by featuring both techno-scientific
projections of possible futures, local snapshots of past experiences
and offers for an engaging present.

Another visual strategy with the similar objective–to inform,
affect and engage at the same time–was to make computer-driven
visualizations more concrete, tangible and germane to relevant
publics (Sheppard et al., 2011; Sheppard 2012; Gurevitch 2014).
This development has received a particular boost in recent years
due to significant advances in visualization software and
technology, as well as extensive development and access
possibilities for open (climate) data. A popular example of
such “affective” data visualizations are mappings of climate-
related flood risks and sea-level rise (SLR), which built the
cornerstone of the present study. Some of these visual devices
can aptly be referred to as data visualizations, mostly representing
flood risk as blue (water) or red (risk) layer on a cartographic
map. Others may be characterized as dynamic animations, vividly
depicting flooding often in three-dimensional, hyperrealistic
landscapes. Their visual “genre” cannot be definitively set–they
both incorporate characteristics of scientific, technical imagery, as
well as narrative and aesthetic strategies of popular media.

In parallel to technological innovations, the social practices
relating computer-generated data imagery and their publics have

also changed in recent years. Many people have acquired
considerable skills to explore, analyze, understand, describe, and
debate data images as representations of scientific facts and artifacts
(Gray et al., 2016). Visualizations of climate-related data are at the
forefront of this development–they have pedagogic devices in
educational settings (Blumenthal et al., 2016), experimental
devices in Climate Hackatons (Haarstad et al., 2018) and
discursive devices for climate debates on social media platforms
(Hopke and Hestres 2018; Wang et al., 2018). Put otherwise, data
images have become crucial boundary objects (Star and Griesemer
1989) enabling the negotiation of climate change across social
worlds (Hirsbrunner, in press). Social media platforms have
recently become preferential places to host such visual boundary
objects and discursive negotiations of scientific and environmental
matters. YouTube, for example, includes thousands of videos and
discussions addressing the many facets of climate-related issues.
The platform now owned by Alphabet has become an important
source formany people who seek information about science-related
issues (Medienpädagogischer Forschungsverbund Südwest, 2015;
Forum; Wissenschaftskommunikation, 2016) and particularly
about climate change (Allgaier 2019).

Despite this dominant role of the platform for climate
knowledge appropriation, there has not been much research on
this topic yet. Existing studies on climate-related content and post-
video discussions on YouTube have mainly focused on the aspects
of political deliberation, controversy and the positioning of content
and comments within existing discourses on climate change. For
example, Shapiro and Han. (2018) have shown that post-video
discussions about climate change are typically driven by few
individuals actively campaigning for or against climate change-
related action. According to the authors, this dominance of elite
campaigners limits the deliberative opportunities for new
discussants and ideas to enter the debates (Shapiro and Han,
2018, 116). Similarly, Uldam and Askanius. (2013) have
analyzed YouTube user debates around COP15 climate
conference in Copenhagen and evaluated the potential of the
platform to provide a communicative space for citizens’
engagement in climate politics. They highlight the potential of
YouTube to act as a platform enabling the mobilization of activists
for the climate cause, but also show that political debates about
climate change on YouTube are often characterized by a hostile
ambience and tend to impede a true dialogue. These findings are
confirmed by Jana Tereick’s analysis (2013) of the “climate lie”
topos in German post-video debates. Tereick observes the
formation of two group argumentations and identities, which
mainly define themselves in opposition to the other. Members
of one group are skeptical towards climate science and mass media
and depict the other group as docile followers of mainstream
positions. The other group is committed to the scientific consensus
on anthropogenic climate change and defamesmembers of the first
group as reactionaries and conspiracy theorists. These identities are
so dominant in the discussions that the respective identity-
generating terminology is often assumed to be known and both
groups parody each other. For Tereick, the debates represent
“pseudo-dialogues” enabling users to react to mass media
contributions, without the conventional mass media actually
participating in the debate (Tereick 2013, 249 f).
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Compared to these characterizations of discursive practices in
post-video discussions, Joachim Allgaier (2019) takes a step back
and asks what users find in the first place when searching for
climate change-related issues on YouTube. To do so, he analyzes a
sample of 200 videos triggered by different search terms. For the
search terms “Climate,” “Climate Change,” “Climate Science,” and
“Global Warming,” the study finds that the absolute majority of
videos adhere to mainstream views based on the scientific
consensus of climate change. Many of these videos are
professionally produced TV news and documentaries. They
accurately represent scientific views on global warming and
often highlight the serious negative consequences of
anthropogenic climate change. In contrast, Allgaier also shows
that users searching for the terms “Geoengineering,” “Climate
Manipulation,” “Climate Hacking,” “Climate Engineering,”
“Climate Modification,” and “Chemtrails” are led to videos that
challenge mainstream scientific positions on climate change,
including material covering conspiracy theories. Conspiracy
theorists have also managed to occupy space in more science-
related discourses as those about geo- and climate engineering.
According to Allgaier, this correlation between geoengineering and
chemtrails is more than a thematic overlap, but a strategic move by
conspiracy theorists to distort communication mainstream
discursive spaces and to hijack and relabel new discursive
concepts such as “geoengineering”with their own ideas (idem, 10 f).

All studies mentioned above look at social media discussions with
an explicit climate lens. Similar to other studies evaluating the public
understanding and perception of global warming, the authors
analyze along a continuum between supportive (“believers”) and
dismissive (“deniers”) attitudes towards climate change. This
continuum is an important heuristic for the entire field of climate
change communication, which can be illustrated by several seminal
studies covering these issues. For example, an influential audience
segmentation analysis from 2009 divided the United States-american
population into six segments with different attitudes towards
information on climate change: alarmed, concerned, cautious,
disengaged, doubtful and dismissive (Maibach et al., 2009). The
study has later been adapted to other (media) geographies such as
Germany (Metag et al., 2017). In the same year as Global Warming’s
Six Americas, media researcherMatthewNisbet. (2009) published an
article characterizing rival framings of “scientific uncertainty” and
“climate crisis” in the reporting of climate change withinmassmedia.
The study highlighted the importance of media frames for public
engagement, but also pointed at severe biases and misconceptions in
the media coverage of global warming in the United States. Insights
from these studies have helped to improve media reporting on
climate change and they have informed the work of climate change
communicators in the United States and elsewhere. Newer studies,
however, have also criticized the believer–denier continuum.
Namely, Corry and Jørgensen. (2015) argue that the continuum
is focuses too heavily on climate change as a scientific object and
around trust in associated scientific claims: “Critics of Kyoto-style
agreements are not necessarily “deniers” of AGW [anthropogenic
global warming], while on the other hand scientific evidence in itself
does not legitimate one particular set of climate policies” (idem, 172).
Put otherwise, the believer–denier continuum often reduces people’s
complex attitudes towards global warming to two related

considerations: first, do people believe in the reality of
anthropogenic climate change? Second, are they then ready to
take action or at least accept climate mitigation policies? Instead,
Corry and Jørgensen propose to move beyond the categories of
“believers” and “deniers” in order to re-politicize the policy debate
while depoliticizing the science debate. Along these lines, the present
study proposes to analyze debates around visualizations of sea-level
rise futures without employing an explicit “climate (change
communication) lens.” It is interested in the ways people
appropriate science-related knowledge on YouTube, without
necessarily ordering these practices of appropriation into a
believer–denial continuum about the reality of anthropogenic
climate change.

After stating the main research questions of the study
(Research Questions), the paper introduces media practice
theory (Results), digital methods (Ambiguity in Video
Content, Comments and Media Environment) and
Grounded Theory-informed qualitative coding (Ambiguity in
Video Content, Comments and Media Environment) as the
theoretical and methodological underpinnings of the study.
Credibility and Appropriation discusses the two SLR videos
and post-video discussions as research material and presents a set
of communicative practices of knowledge appropriation as a
result of the analysis. Building on the characterization of these
practices, Credibility and Appropriation then discusses
ambiguity as a major feature in the post-video discussions and
practices of knowledge appropriation. This ambiguity has
different facets and is related both to the informational,
narrative and esthetic qualities of the video material in
question and to the ways people deal with science-related
information in the “unedited public sphere” (Bimber and de
Zúñiga, 2020) of social media platforms. The paper finally makes
the case for ambiguity in climate change communication and
highlights its role in practices of future imagination and online
knowledge appropriation.

RESEARCH QUESTIONS

The research questions of the present study are the following:

• What strategies do users operationalize to make sense of the
video content, to appropriate the SLR mappings, and to
negotiate aspects of the scenarios among them?

• How can these communicative patterns be formalized as
distinct practices of articulated knowledge appropriation?

• What higher level issues relevant to online knowledge
appropriation can be inferred through the comparison of
these communicative practices?

THEORY: UNDERSTANDING MEDIA AS
PRACTICE

The study draws on media practice theory and a situated
understanding of media, as elaborated by authors such as Nick
Couldry. (2004), Erhard Schüttpelz. (2006), Tristan Thielmann
(Thielmann and Schüttpelz, 2013) and others (Dang-Anh et al.,
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2017). As Nick Couldry puts it, the approach theorizes media as
practice, rather than as text or production process: “What range of
practices are oriented to media and what is the role of media-
oriented practices in ordering other practices?” (Couldry, 2004,
25). How then, can we characterize these situated practices among
the commenting and debate of SLR scenarios on YouTube? In
comparable efforts to study online communication, authors have
referred to “discursive practices” (Dorne and Navarro, 2011;
Wrana, 2015), “material-discursive practices” (Orlikowski and
Scott, 2015), “digital practices” (Jones et al., 2015), and “media
practices” (Dang-Anh et al., 2017) of online communication.
While these conceptualizations have much in common, they
highlight different nuances, which are informed by the specific
empirical cases, research contexts or incorporation of theory.

Media linguist Jannis Androutsopoulos characterizes
online communicative interactions following the broadcasting
of media content as “mediatized practices of content-related
communication”1 (2016, 344). In his study, he specifically
discusses two cases of such practices: Online discussions on
Twitter following the broadcasting of the popular German TV
show Tatort, and debates on Facebook following the most recent
transmission of the major news program Tagesschau. Among
other things, the study shows how existing dynamics of mass
media reception are altered by new constellations of social media
engagement across platforms. While this oscillates with our
example of people discussing video content on YouTube, there
are some considerable differences between Androutsopoulos’
example and our material. On the one hand, the animated
SLR scenario videos have been produced specifically for
YouTube, and they are also consumed and debated by users
within the same platform. Accordingly, the affordances of the
YouTube platform will have their share in structuring the
practices of media consumption and content-discussion at
hand. On the other hand, these videos are thematically and
aesthetically more homogenous than the content discussed by
Androutsopoulos. (2016). It is, therefore, assumed that the
commenting practices can be attributed more directly to the
informational, narrative and esthetic specificity of the video
content–to visual scenarios of flood and SLR in particular and
climate-related future imaginaries more generally.

Considering the science-related issues at hand and the strong
thematic focus of the videos and user comments, we can also
consider the comments as a practice of knowledge appropriation.
While there are different interpretations of the term
“appropriation”, the latter is commonly understood as an
action aiming to bridge the distance between the appropriating
subject and the object to be appropriated (Faber, 2001, 29). As a
matter of fact, appropriation is not only informed by the video
content, but by other factors such as psychological and social
personality, the body of knowledge available and the specific
circumstances of media consumption. In the context of
commenting behavior on YouTube, appropriation is also
influenced by the affordances of the YouTube platform: This
includes the working of its search and recommendation

algorithms, and the affordances of the comments section. In
addition, appropriation may also include an ordering of the past
discussions and a positioning of one’s own comment within
this order.

It is important to highlight here that knowledge appropriation
is not to be understood as passive transfer of information, but as
an active process. This is true for knowledge appropriation in
general, but also specifically for the case of appropriation of media
content. As Ulmer and Bergmann. (1993) highlight, media users
rarely absorb media content in a passive way, but actively
appropriate and process it by thematizing, reconstructing and
discussing what they have experienced in conversation with
others (1993, 83). This demonstrates that appropriation is
more than just sense-making. While the latter is a
psychological category addressing the cognitive ordering of
information encountered into matters of everyday life,
appropriation should be considered as a social practice. By
commenting on the SLR videos on YouTube, users not only
articulate their personal understanding of the videos, but they
also position and negotiate meanings among themselves. They
not only absorb the information and articulate their elaborated
meaning of the videos, but also make their positioning digitally
accountable (see Thielmann, 2012). The latter does not only have
an impact on the social interactions themselves, but also allows
and configures new ways of scientific investigation.

METHODOLOGY: INVESTIGATING VISUAL
MEDIA AS PRACTICE

Compared to the rhetoric of the written and spoken word, the
semiotic language of visual media is often perceived as vague,
ambiguous and elusive (Eppler et al., 2008). On the one hand,
images carry a great deal of implicit meaning and interpretative
flexibility, which is similarly true for maps (Harley, 1988;
Caquard and Cartwright, 2014), digital data images (Rose,
2015), and particularly the visualization of climate data
(Mahony and Hulme, 2012; Walsh, 2014; Schneider, 2017).
On the other hand, the meaning of an image strongly depends
on the situated use of images, its contextualization, and audience.
Against this background, many different ways exist to obtain an
understanding of visual media and to analyze and describe their
meaning, reception and negotiation by audiences. Gillian Rose.
(2016) discusses many of these approaches in her seminar book
on Visual Methodologies, including content analysis, semiology,
psychoanalysis, discourse analysis, audience interviewing,
ethnography, digital and other methods (including mixed
ones). Online media practices are a special case in this regard,
as they also come with the promise to make themselves effectively
accountable as digital traces of various kinds (Dang-Anh et al.,
2017, 24 f). One should not misinterpret digital traces as virtual
representations of social interaction and practice. Rather, digital
research methodologies must always be vigilant to spot the
distortions and situated production contexts of online social
data (Marres and Gerlitz, 2015; Schäfer and van Es, 2017;
Gerlitz and Rieder, 2018). Nonetheless, one can certainly make
digital traces productive for practice-oriented research, as has1German original: “Praktiken der Anschlusskommunikation”

Frontiers in Communication | www.frontiersin.org February 2021 | Volume 6 | Article 6131674

Hirsbrunner Negotiating the Data Deluge

153

https://www.frontiersin.org/journals/communication
www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


been shown by investigative approaches such as technography
(Rammert and Schubert, 2006), webnography (Strübing, 2006),
and digital ethnography (Pink et al., 2015). Informed by these
approaches, the present study focusses on the relationships and
dynamics between visual artifacts, discursive user interactions,
and YouTube as an enabling and structuring media environment.
These connections are then used to carve out situated mediated
practices coping with the visual future scenarios presented in the
relevant videos. The characterization helps one to understand
broader concerns within online debates appropriating and
negotiating complex scientific problems, such as the challenge
of source attribution, genre fuzziness and articulated ambiguity.

Digital Methods and Tools
Within its techno-experimental setting, the study draws on the
digital methods approach, pushed forward by proponents of the
Digital Methods Initiative at the University of Amsterdam
(Rogers, 2013; 2015). Rather than referring solely to the use
of digital tools for analysis (instead of “analogue methods”),
“digital methods” in this reading designate a specific positioning
of how to understand such instruments and make them
productive for critical media analysis. The guiding idea is that
existing technological entities such as algorithms and APIs can
be repurposed as research devices to investigate the social
practices, technologies and politics of the platform economy
(Rogers, 2013, 1). The aim is not to use these tools as mere
instruments to extract web data representing certain social
realities. The idea is rather to critically assess the ways in
which digital technologies produce and reconfigure social
realities, and if and how culture can be studied through
digital data. Visual studies scholars like Gillian Rose have
critically assessed the potential of digital methods (as
research approach associated with certain tools) to be
productive for the analysis and description of digital imagery
(Rose, 2016). Considering that such approaches combining
digital methods with image analysis are still at an early stage
of development, this paper is also intended as a methodological
contribution to this perspective. The following tools and
applications have been operationalized for data extraction
and analysis within the present study:

YouTube Data Tools (YTDT)2 are a toolbox for extracting
data from the YouTube platform via the YouTube API3 version 3,
and some scraping functionalities built on top of it. The YTDT
provide a particularly convenient visual interface for social media
researchers to extract data from YouTube without the need to
engage directly with the API. After exploring and extracting
YouTube data via YTDT, the output can then be analyzed
using other software packages. The “Video Info and
Comments”-module4 of YTDT has been especially used here
to extract user comments and associated identification and

interaction data, (e.g. numeric identifiers, channel names, likes,
number of replies).

The analysis of the data has been carried out using Gephi and
Microsoft Excel. Gephi5 is an open source data visualization and
exploration software for all kinds of graphs and networks, which
is frequently used in the context of social network analysis. Some
of the data extracted with the YTDT is optimized for analysis with
Gephi, namely GDF-files6 enabling the visualization of video,
channel and user networks. However, Gephi also provides wide-
ranging possibilities to visualize, sort, filter and manipulate all
sorts of tabular data. In the present study, Gephi has been used to
explore the datasets and to visualize networks between videos,
channels and users. The spreadsheet and analysis tool Microsoft
Excel7 was used in the qualitative coding process (see next
paragraph) to analyze, label and categorize the user debates
linked to the two videos in question.

Qualitative Coding and Grounded Theory
Qualitative data coding is a common way to build and analyze
data in social science traditions such as sociology, anthropology
and psychology. It has been operationalized in various research
contexts, including social media analysis (Vieweg et al., 2010).
Generally speaking, coding refers to the process of assigning labels
or tags to research material to make it fit for analysis and scientific
reasoning. Qualitative coding can equally be applied to highly
unstructured and varied material, (e.g. memos, images and video
in ethnographic studies) and relatively structured items, (e.g. the
datasets analyzed within the present study). The data labeled are
then used for theory development, which may again adhere to
more formal or informal procedural rules.

A formal and common set of approaches to theory
development based on qualitative coding is Grounded Theory
(GT). According to sociologist Kathy Charmaz, GT methods
“consist of systematic, yet flexible guidelines for collecting
and analyzing qualitative data to construct theories from the
data themselves.” (Charmaz, 2006, 2) GT has first been
conceptualized in 1967 by Glaser and Strauss. (1999) and has
been further developed and tailored to multiple fields, materials
and scientific disciplines. Analytical steps in GT-informed
studies are not carried out sequentially but happen rather in
parallel throughout the research process. Nevertheless,
advocates of GT have proposed different coding procedures,
which also tend to build on each other. Firstly, research material
is annotated freely with labels in a process referred to as open or
initial coding, which is accompanied by constant comparison
and adaptation. On the one hand, such open or initial coding
should stick closely to the data and may be guided by questions
such as: “What are these data a study of?“, “What do the data
suggest and pronounce?“, “From whose point of view” and
“What theoretical category does this specific datum indicate?”

2https://tools.digitalmethods.net/netvizz/youtube/, last retrieved on September 1,
2020.
3https://developers.google.com/youtube/v3/, last retrieved on September 1, 2020.
4https://tools.digitalmethods.net/netvizz/youtube/mod_video_info.php, last retrieved
on September 1, 2020.

5https://gephi.org/, last retrieved on September 1, 2020.
6https://gephi.org/users/supported-graph-formats/gdf-format/, last retrieved on
September 1, 2020.
7https://www.microsoft.com/de-de/microsoft-365/excel, last retrieved on September 1,
2020.
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(Charmaz, 2006; Glaser, 1978; Glaser and Strauss, 1999) On the
other hand, what distinguishes GT-informed coding from other
labeling and categorizing activities is its focus on action. As
Charmaz suggests, one should “look closely at actions and, to
the degree possible, code data as actions” (Charmaz, 2006, 47).
Categories emanating from the open coding process are then
further refined in focused coding, synthesizing and explaining
larger segments of data.8 Accordingly, GT researchers engage in
theoretical sampling, which means seeking and collecting
additional data to elaborate and refine categories for the
emerging theory. Theoretical sampling is expected to be carried
further until no new properties emerge, a state referred to as
saturation. Furthermore, methodological strategies such as sorting,
diagramming, and integrating can help further in the theoretical
development of the analysis. The use of working with visual,
conceptual maps has proven particularly useful in this regard
(Clarke, 2003; Clarke et al., 2015). It should be noted here that
the coding procedures towards grounded theory are not
understood as a strict formula to be followed step-by-step.
Rather, GT generally leaves a lot of freedom to the analyst to
decide whether and how the different modes of coding make sense
within the situated researcher context. GT in the context of this
study is, therefore, essentially a guiding heuristic highlighting the
simultaneity of different analytical procedures and an inductive
stance towards data inquiry and theory development.

RESULTS

This section designates the selection process for the empirical
material (5.1), describes the two selected videos (5.1.) and
identifies a number of commenting practices within post-video
discussions (5.3).

Selection of Video Material and Post-video
Discussions
At first, an exploratory study was carried out to identify what
YouTube users find when they search for climate change-related
issues and particularly sea-level rise. Despite the opacity of
YouTube’s algorithms, we can make some statements about the
way people find, consume and navigate such video content within
the platform. One major entry point for people to browse videos is
YouTube’s search function. The user types a certain word or phrase
into the search field and receives a list of videos, By default, the
content is sorted by relevance, but it can also be shown by upload
date, view count or rating. The way the YouTube search algorithm
ranks results by relevance is complex and opaque. It calculates
relevance based on a mix of platform metrics such as semantic
similarity, likes, recentness and engagement. Search results may

also differ from interaction to interaction, depending upon a
person’s search history, location, and timing of retrieval. Social
media researchers have operationalized different strategies to
account for such algorithmic personalization. A common
approach is to create a research browser that has a clean search
history and doesn’t allow for cookies or similar tracking devices.
Alternatively, one can retrieve search results via YouTube’s
developer API–either directly in a computer terminal or using
dedicated interfaces like the YTDT. While APIs have their own
issues with bias in data retrieval (Pfeffer et al., 2018), they usually
provide better ways to deal with such distortions than analysis
within the end-user platform interfaces. In the context of the study,
the YTDT video list module9 was used to retrieve YouTube search
results for the queries “sea-level rise,‘”10 while balancing out
algorithmic variations using multiple iterations.

The analysis of the top ranked videos on SLR revealed a
number of characteristics: first, videos with considerable debates
(number of user comments) also rank highest on “relevance.” As
shown elsewhere (Burgess and Green, 2018), YouTube specifically
values user generated content and debate, which is also reflected in its
search algorithm and related video feature. Second, a considerable
share of the top ranked videos were produced by US-based
popular science channels (RealLifeLore, Verge Science, The Daily
Conversation, Science Insider, Business Insider). This illustrates how
climate impacts have become a mainstream topic, which fits popular
science formats promoted by media platforms such as YouTube.
Third, animated maps showing possible flooding due to climate
change triggered SLR are a prominent visual format in the top
ranked results.

Considering aspects of representativeness and feasibility, two
videos were selected for further analysis within the study: “The
World After Sea-Level Rise” by Climate Central/The Daily
Conversation and “How Earth Would Look If All The Ice
Melted” by The National Geographic/Science Insider. Both
videos were 1) among the top10 search results for relevant
videos on SLR, 2) they triggered considerable user debates, 3)
they were featured by a popular-science channel and 4) they
adhered to the prominent esthetic genre, namely animated maps.

Analysis of the Video Material
Video 1: The World After Sea-Level Rise (Figure 1)11

The video depicts two- and three-dimensional views of flooding
cities around the world, including London, New York, Rio de
Janeiro, Tokyo, Dubai and Hong Kong. The video is a showreel

8Some scholars using GT approaches carry out a third kind of categorization, axial
coding, where classes and hierarchies of codes are compared to deepen
understanding and help theory-development (Corbin and Strauss 1990, 16). In
other conceptualizations of GT, axial coding is only seen as a facultative step, which
may or may not be useful in a concrete research situation.

9The module retrieves “related videos” from the search/list#relatedToVideoId API
endpoint. Developer website on the YouTube API, available at https://developers-
dot-devsite-v2-prod.appspot.com/youtube/v3/docs/search/list#relatedToVideoId
10The author also experimented with alternative spellings (sea level rise, sealevel
rise), but these variations did not lead to different search results. In contrast, search
results differ considerably when the term is translated into other languages
(“Meeresspiegelanstieg” in German, ‘élévation du niveau de la mer’ in French,
“subida del nivel del mar” in Spanish). The analysis in the present study has been
limited to videos with English titles, narration and (most) comments.
11Link to video 1 on YouTube: https://youtu.be/xE0KtLy5j8w (last retrieved on 30
Sept 2020). Acknowledgments stated on YouTube: Clips courtesy of Climate
Central, video edited by Robin West and produced by Bryce Plank.
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of the online maps produced by the United States-based non-
governmental organization Climate Central. Its SLR program
Surging Seas is structured around a series of dynamic mappings
of SLR and flood risks, which are presented in multiple visual
formats, positioned into various discourses of public debate and
disseminated throughout numerous media channels. The
underlying data, elevation models, SLR projections and aesthetics
of the maps have been updated several times since the start of the
program in 2012, acknowledging new scientific findings, and better
data and mapping technology.12 Most views of the video were
generated with the mapping software Google Earth Engine, which
made it possible to render the flooding projections as overwhelming
sceneries in three dimensions. The video designates two alternative
scenarios of SLR, one with two degrees and one with four degrees of
global warming. On the date of data retrieval (June 2, 2020), the item
had had 239,715 views, 1,800 likes13 and 614 comments. The video
was published on January 24, 2017, by The Daily Conversation, a
popular YouTube channel (865M subscribers by June 2020)
featuring mini-documentaries about a variety of topics. Other
popular videos of the channel address topics such as China’s
Future MEGAPROJECTS (2019–2050s), Ebola: The Deadliest
Outbreak Explained, 10 Incredible 4K (Ultra HD) Videos, and
Future Military Robots Explained.

Video 2: How Earth Would Look If All The Ice Melted
Figure 214

Similar to video 1, the item depicts cartographic views of a future
with SLR. A globe is slowly turning and changing its shape–from
the present face of the earth into an undesignated future, where
many coastal areas are lost to the sea. The maps were produced

by the staff of the science newspaper National Geographic, based
on multiple research insights and open data resources.15 The
underlying projection is different from video 1 in the sense that
it shows a situation where the polar ice caps have melted
completely and the water has been absorbed by the oceans.
While video 1 shows two equally probable long-term scenarios
of SLR, the projection from video 2 may be characterized more
as a low probability high-risk scenario according to the current
state of science at the time of writing (summer 2020). From its
aesthetics, video 2 is more faithful to the conventions of two-
dimensional satellite cartography, with color shades of blue,
green, yellow and brown. In the course of the animation and the
flooded future unfolding, a number of vulnerable cities are
designated by white points and name tags popping up before
being besieged by the blue of the rising waters. The video was
published on February 18, 2015 by Science Insider (1.4 M
subscribers by June 2020), a brand of the large news website
Business Insider16. On the date of data retrieval (June 2, 2020),
the video had had 18, 957, 824 views, 66,000 likes (averaged
value) and 25,949 comments.

Analysis of Post-Video Discussions
Open coding informed by grounded theory was carried out on
user comments posted under video 1. The sample includes all
comments posted between January 24, 2020 (publishing date of
the video) and November 16, 2019 with 600 comments in total.
The data contains original comments (N � 336) and replies to
those comments (N � 264). The comments were labeled as
distinctive actions, characterizing the articulated attitude of
users towards the media content and SLR scenarios depicted.

FIGURE 1 | The world after sea-level rise (© climate central/daily conversation).

12Today, the maps mostly build on open datasets provided by the United States-
American government agency NOAA (North American Oceanic and Atmospheric
Administration). See https://coast.noaa.gov/digitalcoast/, last retrieved on June
3, 2020.
13Likes are represented as rounded values within the YouTube interface.
14Link to video 2 on YouTube: https://youtu.be/VbiRNT_gWUQ (last retrieved on
30 Sept 2020)

15Video produced by Alex Kuzoian, Science Insider. Acknowledgments for the
maps stated on the National Geographic website: Philippe Huybrechts, Vrije
Universiteit Brussel; Richard S. Williams, Jr, Woods Hole Research Center;
James C. Zachos, University of California, Santa Cruz; USGS; NOAA; ETOPO1
Bedrock, one arc minute Global Relief Model. Copyright: September 2013 National
Geographic Society.
16www.businessinsider.com, last retrieved on June 3, 2020.
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After the labeling and categorization of the user data linked to
video 1, a second video and user debate was identified for
theoretical sampling. Video 2 was chosen because of its high
designation of relevance for the SLR issue attributed by the
YouTube algorithms (top rankings for search results and
recommended videos17), due to its media-specific similarities
(information, narrative, aesthetics) to video 1, and its massive
number of user comments (more than 25,000 by the time of data
retrieval). The first 600 comments were chosen as a sample for
category comparison, elaboration and refinement. The data
analysis led to the identification and characterization of
distinctive practices of articulated knowledge appropriation
related to visual SLR scenarios. The categories include
“locating impacts,” “demanding representation,” “envisioning
further,” “debating future action,” “relativizing the
information,” “embedding popular narratives,” “attributing to
politics,” “challenging the reality of anthropogenic climate
change,” and “insulting others”. Practices were included in this
typology provided that a share of five to twenty percent of
comments could be attributed to them. Moreover, in the case
of inferred practices representing more than twenty percent, it
has proven useful to split the category and use more differentiated
practices.18 It is important to note that comments are sometimes
attributed tomore than one category and practice. Comments, for
example, may simultaneously imagine what will happen in the
future (“envisioning further”), mobilize for climate action
(“debating future action”), and play with irony (“relativizing
the information”).

Locating Impacts
The animated maps of both videos show geographic locations
flooded by layers of blue water. Accordingly, an obvious practice
related to the imagery is to discuss what can be seen on the map.
A considerable share of the comments in both videos refer to the
locations, which will be flooded according to the scenarios. Most
frequently in this category, users comment on the flooding
depicted of their own living environment. A frequent practice
is to write “RIP” (rest in peace) or “Goodbye” and then refer to
the specific city: “Goodbye to my home in Bahrain(” (B016),
“RIP Florida(” (B026)The truthfulness, likeliness or accuracy of
the scenario depicted is not challenged or debated in these
comments. It is taken as it is and the articulated reception
works along with the dichotomy “flooded” vs. “safe,” for
example, “Australia is covered by sea, but Melbourne is
totally safe” (A102).

Demanding Representation
A considerable number of users also complain about the places
left out: “Why did you leave out the African continent? or you
don’t really care whatever happens there?” (A073) As can be
illustrated by this comment, cartographic representations
typically evoke debates about what is put on the map and
what is not, who is represented and who is not. While the
reasons for showing some places and leaving out others may
be attributed to specific conditions in map production, they
always have both a technical and political dimension. As I
have discussed elsewhere (Hirsbrunner, in press), the decision
to show a specific location or not is connected to factors such as
the availability of data, models and technology to produce the
maps: The SLR maps require high-dimensional elevation data,
which are expensive, technology-intensive and cumbersome to
produce. Elevation models can only be developed by highly
skilled experts in dedicated research institutions. Geographic
information tools, such as Google Earth Engine, can only
render dynamic three-dimensional landscapes (as in video 1),
where the overall data resolution is particularly high, (e.g.
metropolitan areas, industrialized countries). While this has
not been an intention of the map producers, video 1 especially
prevents people from vulnerable but less iconic places to make
connections to their own living environments. The comments
show that the dichotomy between the represented and
unrepresented also translates to the comments section, where
debates are mostly conducted by the “mapped,” with a few
exceptions of users demanding representation.

Envisioning Further
Some users take the scenarios depicted as a starting point for their
own imaginations of a flooded future. They go beyond the
dichotomies between flooded vs. safe and mapped vs.
unmapped in their comments and add to the imaginary using
their own words. Some of these personal visions are informed by
science-informed models and scenarios: “(. . .) Since the people
would have tomove, cities would be more crowed. A lot of foreign
diseases would reach other places because of all the emigration.
People would starve because there would be less land for
agriculture. Lots of species would die because they lost their
home” (B192–01). However, many of the personal additions to
the scenarios depicted are not realistic and do not try to be so. As
one contributor writes: “We will have sharknado type water
spouts. A lot of people will be eaten by sharks. Orcas will
patrol the streets” (A001–09). However, some of these other
envisioning comments discuss the potential benefits of the
scenario: “Good thing egypt [sic] will have more water so
more people can live in more places” (B124). Similar to
“demanding representation,” “envisioning further” can be
understood as a strategy of sense-making and appropriation of
the scenario by commentators. Independently of the likeliness of
the personalized scenarios described, “envisioning further” is
cognitive and articulative work, which proves that people have
processed the information depicted and linked it to their extant
body of knowledge. The act of selective perception (watch the
video, absorb the information) and the articulation of the
reception (commenting) should not be underestimated as a

17Relevance within search rankings was evaluated by using the “video network
module” of the YTDT, which taps the YouTube data API and its search/
list#relatedToVideoId API endpoint: https://tools.digitalmethods.net/netvizz/
youtube/mod_videos_net.php. This procedure allows for relatively unbiased
output and evaluation of search results and recommended videos, which are
independent from cookie tracking and other personalization techniques in the web.
18This, for example, was the case with the preliminary category “localizing climate
impacts”, which was subsequently split into “locating impacts” (referring to
depicted locations on the map), “demanding representation” (referring to
locations not represented), and partially to “attributing to popular narratives”
(mentioning fictional locations such as “Atlantis”).
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practice in a media environment such as YouTube, where
abundant content cries for attention.

Debating Future Action
Users also discuss ways to cope with a future life in the scenario
depicted and solutions for the climate crisis: Planting a lot and I
mean A LOT of trees is probably the cheapest, easiest way to clean
up the atmosphere after reducing emissions by swapping [sic] to
renewable energy, etc” (A004–02). The contributions address
both, strategies to mitigate climate change (“How can we stop
this from happening” A351)and adapt to it (“This is not good for
me. gotta sell my house in ho chi minh city.” B194). Similar to the
practices described so far, comments “debating future action” do
not challenge the plausibility of the scenario(s) depicted. As a
matter of fact, it is striking that comments “debating future
action” do not mostly refer to the specific consequences
depicted in the scenario. The scenario only serves as
motivation to debate decisions, engagements and coping
strategies more generally. Moreover, many comments gain an
important new dimension within this practice of appropriation.
They become attributable to the climate discourse, with all the
mobilization strategies, unwritten rules and positionings of this
debate.

Relativising the Information
Users often use non-literal language in their comments. This
includes the use of irony (“rising seas? just drink the water”
A008–09), sarcasm (“Who cares! I have a kayak, that I bought
fromWalmart, who is part of global warming problem. But hey, it
was cheap!”A275) and cynicism (“I wouldn’t mind if humans got
extinct to be honest. I lost faith in humanity a while ago”
A014–03). Using nonliteral language in digital media
communication is a common practice, which may take the
form of specific expressions, figures of speech, and the use of
heavy punctuation and emojis (Whalen et al., 2009). Sarcasm
especially seems to have qualities as a rhetorical strategy to fit the
debate of the informational content and scenarios at stake. As
Ashley Anderson and Heidi Huntington have highlighted in their
study of climate debates on Twitter, the use of sarcasm allows one
“to identify and appeal to like-minded others through the critique
of outsiders, while maintaining an appearance of civility through
plausible deniability” (Anderson and Huntington, 2017, 602). In
the case of the SLR maps, the commenters maintain and verbalize
a critical distance to the future scenario, without explicitly
challenging or discarding it. This sometimes also leads to
further discussions debating or resolving the specific tone of a
comment: “I am going to ignore the cynic in me and hope that
you’re joking” (A008–01).

Challenging the Reality of Anthropogenic Climate
Change
It is remarkable that the techno-scientific accuracy of the flood
maps is rarely debated or challenged within the YouTube user
debates surrounding the videos. The only critique about the way
flooding is depicted in the maps is the missing representation
discussed under above. Equally, issues such as likeliness,
probability or uncertainty literally play no role in the debates.

This is, despite the fact that these categories are crucial elements
of risk communication and are explicitly addressed in one of the
videos: Video 1 shows two different scenarios (two degrees vs.
four degrees of global warming), which are clearly labeled as such
in the animation. By contrast, a considerable segment of
comments challenges the climatological underpinnings of the
flood scenarios: The melting of the polar ice caps, and the reality
of anthropogenic climate change. Commenters claim, for
instance, that “(. . .) The planet earth is getting COOLER, not
warmer” (A137) and announce that “Global warming is the
biggest hoax ever” (A240). Such views are voiced by mainly
right-leaning, United States-based authors, who attribute the
videos and depicted scenarios to “left wing propaganda”
(A219). The debates around the fact- and faithfulness of the
videos are especially vivid and potentially toxic (see also
“insulting others”).

Attributing to Politics
Twenty (video 1) to thirty percent (video 2) of the comments
make a reference to political debates beyond SLR or climate
change. The comments politicizing the imagery are distributed in
fairly equal shares in liberal and conservative positionings for
both videos.19 This fair share also indicates that the channels are
consumed by politically diverse audiences. On the one hand,
conservative voices dismiss and discredit the visual scenarios as
an element of unsound climate science or left-wing propaganda
(as in “challenging the underlying science”). The (only)
prominent figure often mentioned in these comments is
former presidential candidate and Vice President Al Gore:
“GIVE AL GORE MONEY TO SAVE THE EARTH AND HE
WILL TURN ON HIS SPECIAL AIR CONDITIONER [sic]”
(A195) On the other hand, liberal voices often refer to and
criticize President Donald Trump and his administration:
“This will happen if the idiot trump climate change denier
dont [sic] get impeached” (A003). Interestingly, these two
personifications are very stable, even if Al Gore is currently
out of the political picture and current elections. It can also be
debated whether making fun of President Donald Trump should
be considered as a (liberal) political statement. In some
comments, Trump serves more as a kind of pop figure, with
all the implications this has for (the characterization of) current
political debates. This tendency can be illustrated by the recurrent
theme in the comments to combine the consideration of SLR
futures with the debates around Trump’s plan of a United States-
Mexico-border wall (“We’re going to build a wall and the ocean is
going to pay for it!!!” A259).

One important specificity of the comments in the category
“attributing to politics” is that most users posting right-leaning
arguments are clearly of United States-descent, while critical
comments evoking president Trump are much more diverse
regarding user nationality.

19In the discussion section, this practice is therefore split into two categories,
“attributing to politics (left-leaning)” and “attributing to politics (right-leaning).”
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Embedding Popular Narratives
“Embedding popular narratives” here means that the
informational content and the aesthetics of the videos are
associated with existing popular stories, cultural themes and
narratives. Examples of the themes evoked are Abraham’s
deluge (bible) and Atlantis and Venice as different imaginaries
of flooded cities. Some media works discussed are Blade Runner
(film), Inconvenient Truth (film) and Minecraft (computer
game). Comments evoking cultural narratives are also among
those triggering the most responses from others, including likes
and replies. The comment in video 1 with most likes is “and
Venice will be the next Atlantis” (A007–1) (148 likes), and in
video 2, “Noooo! Where is Atlantis:’ (.” (B001) is at rank three on
likes (72 likes). Other comments do not explicitly mention
specific stories, but clearly play with popular narrative
elements. Similar to the practice of “envisioning further,”
“popularizing the imagery” can be characterized as an
imaginative strategy to make sense of and appropriate techno-
scientifically complex scenarios and their depiction as data
images.

Insulting Others
The use of insulting language has a variety of recipients and
targets in the debates accompanying the SLR scenario videos.
Users offend and threaten as part of the user-user interaction
(“how about you come down here to Texas and I’ll put some
knuckle bumps on your IGNORANT head, BOY!!” B061–16),
they insult people outside of YouTube because of their
worldviews (“Send this video to all moronic climate deniers.”
B256) and make openly racist statements (“I would be fine if the
Earth decided to drown countries in the Middle-East and Africa”
B282 and “too many indians anyway” B166–22). Tracing the
posting behavior of users in this segment across multiple video
discussions shows that they are either particularly active
commenters on the YouTube platform, or have only posted
once. In the case of active commenters, “insulting others”
coincides with online practices of hate speech and trolling,
which has been discussed thoroughly in academic literature
(Hopkinson, 2013; Lange, 2017; 2019; Cruz et al., 2018). As
Patricia Lange has highlighted, such practices of hate speech
have to be differentiated from voicing criticism, considering that
they do not involve any substantive occupation with the issues at
hand (Lange, 2007, 6). Such comments in the context of this study
mainly represent political views of the far right, and insult liberal
politicians, the press, foreigners or ethnic minorities (Muslims,
Jews, Indians).

DISCUSSION

As the typology in the results section shows, users operationalize
different strategies to make sense of the video content, to
appropriate the SLR mappings, and to negotiate aspects of the
scenarios among them. This following discussion evaluates
whether and how the distinct practices of articulated
knowledge appropriation are related to each other. Moreover,
connections are drawn from the identified practices to higher

level issues relevant to online practices of scientific knowledge
appropriation. On the one hand, this includes the discussion of
ambiguity in the content, comments and media environment. On
the other hand, the section discusses the relationship between
information credibility and knowledge appropriation.

Ambiguity in Video Content, Comments and
Media Environment
“Ambiguity” emerged as a salient theme from the comparison
and relational analysis of the practices (categories). Quoting poet
William Empson, ambiguity can be understood as “an indecision
as to what you mean, an intention to mean several things, a
probability that one or other or both of two things has been
meant, and the fact that a statement has several meanings”
(Empson, 1947, 5f). Ambiguity can therefore have affinities
with terms such as vagueness, uncertainty, doubtfulness or
equivocality. In the context of the study, we can identify
ambiguities in all aspects of the research material–the videos
and their visual scenarios, YouTube as a repository for science-
related information and the comments of the post-video
discussions.

The fact that users have an ambiguous relationship has already
been addressed explicitly for the practice “relativising the
information.” Comments and their authors consider the
scenario depicted, but keep it at arm’s length using rhetoric
tactics such as irony and sarcasm. The use these tactics can be
understood as a method of users to make their reservations
towards the video content expressive and accountable to other
users. As ethnomethodologist Harold Garfinkel has argued,
members of communities and groups use distinct methods to
make their interactions with others “visibly rational-
andreportable-for-all-practical-purposes” or “accountable” as
organizations of commonplace everyday activities (Garfinkel,
1991, vii). This feature of all communicative group interaction
has also been particularly acknowledged and discussed for the
case of social media (Thielmann, 2012). We may therefore speak
about articulated ambiguity with regard to the post-video
discussions at hand. As a matter of fact, commenters do not
only articulate ambiguity in the practice of “relativising the
information.” Rather, articulated ambiguity is also a feature of
various comments of other segments such as “embedding popular
narratives.” By embedding popular narratives, users connect the
visual facts with broader narratives of flooded cities (Atlantis) and
futures (Waterworld) to make sense of the scenario depicted.
They thereby signal to others that they consider the scenarios as
an interesting future projection, without considering its scientific
soundness.

The crucial role of articulated ambiguity in the comments and
debates points to the fact that users cannot realistically evaluate
the credibility of the information depicted within the situated
practices of a YouTube media experience. The lack of perceived
credibility can equally be attributed to characteristics of the media
content and to the way the content is embedded within online
media ecologies. It is obvious that the producers of the SLR videos
heavily mixed formalistic conventions, storytelling and aesthetics
of different visual genres. This is true for both animations, but can
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here be illustrated with the case of video 1: The piece by Climate
Central/The Daily Conversation can equally be read as a
scientific visualization, a clip for political campaigning or a
fictional story. The visualizations of flooding are informed by
the insights of scientific studies, (e.g. Strauss et al., 2012; Strauss
et al., 2015) and designate two alternative scenarios of global
warming (two and four degrees), which evoke traditional
conventions of uncertainty representation in climate research.
A political reading is triggered by the depicted choice between
two future pathways: A sustainable and a detrimental path. This
presentation of choices is informed by scenarios of the
Intergovernmental Panel on Climate Change (IPCC, 2013) and
the international climate negotiations within the United Nations
Framework Convention on Climate Change (UNFCCC, 2015).
The caption of the video on YouTube also invites a political reading
of the imagery depicted, stating that “President Donald Trump’s
policies may lock us into 4 of warming.” With this comment, it
becomes clear that certain policies and politics may be better suited
to achieve the internationally agreed limitation of global warming
to two degrees instead of a more detrimental scenario of four
degrees. Finally, several esthetical design elements evoke tropes of
apocalyptic fiction movies. This includes the visual focus on
drowning monuments of cultural identification such as the
American statue of liberty and the White House, and the
pompous, heavily produced soundtrack with its menacing
undertones.

Articulated ambiguity cannot only be attributed to the
characteristics of the video content, but also to YouTube as
the enabling media environment. The prominence of
ambiguity in the comments shows that users are aware of the
challenges online media poses to information source attribution.
Users make this awareness accountable to others by their use of
articulated ambiguity within the comments. As S. Shyam Sundar
has shown, assessments of information credibility are
traditionally performed by considering the trustworthiness of
the communicator. If the attributed source of a piece of
information is a credible person or organization, then,
according to conventional wisdom, that information is
probably reliable” (Sundar, 2008, 73). Attributing information
to a single actor in the digital age, however, is often difficult
because of the multiple layers of sources in online information
transmission (idid). Sundar specifies several cognitive heuristics
that play a role in source evaluations within online media,
including aspects such as the machine, bandwagon, authority,
social presence, helper and identity. Several of these heuristics
are likely to be triggered in the case of the SLRmaps on YouTube
discussed within this study. We can again examine the example
of video 1 in this context. Truly assessing the credibility of the
mapped flooding would include evaluating the trustworthiness
of elements such as the underlying elevation models (NOAA,
United StatesS LiDAR consortium, Climate Central), the future
projections of CO2 emissions, the melting of polar caps and
following SLR scenarios (several research institutes), their three-
dimensional rendering (Google Earth Engine, Climate Central),
the animation of the maps for the video (independent
producers, The Daily Conversation team) and finally
YouTube’s choice to recommend the video as a result of a

“sea-level rise” search query. No single actor is in sufficient
control of the production and distribution chain in order to
become a trustworthy actor establishing comprehensive
credibility of the source, (i.e. the video). The impossibility of
source attribution and evaluation is further severed by the time
constrains of YouTube video consumption. YouTube users will
comment and articulate their assessment while or shortly after
watching the video, which then leaves a time span of about five
to 6 min in our present example of video 1. Evidently, “to look
up sea-level rise on YouTube” doesn’t allow for the same level of
source attribution and evaluation than writing a master thesis
on the subject.

CREDIBILITY AND APPROPRIATION

Considering the focus of the study on knowledge appropriation, it
seems important to ask how credibility attribution and
appropriation are related to each other. Does a high
attribution of credibility in a comment signal a high
knowledge appropriation by the relevant user? Does a low
attribution of credibility suggest a low appropriation of the
information? To evaluate these questions, the established
practices were continuously compared, sorted and
diagrammed as proposed by grounded theory literature. Most
notably, social scientist Adele Clarke, (2003) has conceptualized
such techniques of grounded theory mapping. She recommends
the drawing of situational, social worlds/arenas and positional
maps for the sorting of categories and the identification of further
high-level issues for theory development. In the context of the
present study, the continuous visual process of comparison led to
the diagram shown as Figure 3. The visualization can be
understood as a positional map, laying out “the major
positions taken, and not taken, in the data vis-a-̀vis particular
discursive axes of variation and difference, concern, and
controversy surrounding complicated issues in the situation”
(Clarke, 2003, 554, emphasis in original). Figure 3 sorts the
practices of articulated knowledge appropriation (Limitations
and Future Outlook) within a continuum between low and high
attribution of credibility on the x-axis and low vs. high knowledge
appropriation on the y-axis.20 On the one end of the credibility
scale (left in Figure 3), users debate future actions based on the
information provided by the scenarios depicted. They verbalize
their readiness to take action to mitigate the impacts of climate
change or adapt to it (‘debating future action’). They neither
challenge the SLR mappings nor the underlying science (climate
impact research), and are often familiar with the scientific basis of
climate change. To a greater extent, they often do not even
address what is seen, but use the visual scenarios as a higher-
level conscription device (Henderson, 1991; Hirsbrunner, in
press) to mobilize for climate action. Some users seem new to
the risks at stake and verbalize a more informational absorption

20Credibility is characterized here as “believability” in information, without
necessarily including elements of dependability and reliability (Fogg and Tseng
1999).
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of the scenarios depicted (“locating impacts”). They acknowledge
and absorb the depicted information, taking it as it is, and without
engaging in much further interpretation and imagination. On the
other end of the credibility scale (right in Figure 3), users explicitly
challenge the plausibility of the scenarios depicted. They discard
them as unscientific and misleading ways of portraying the future.
They also discredit the producers of the maps, as well as climate
scientists and liberal politicians at the forefront of the climate
debate (“challenging the reality of anthropogenic climate change”).

In between, we find the comments and communicative
practices with considerable articulated ambiguity. They neither

take the scenarios for granted, nor do they discard them. Instead,
users play with the interpretative flexibility of the imagery and
often exhibit great efforts to formulate their comments and
engage with others. They typically refrain from using existent
mainstream frames within the climate debate, but rather come up
with new, situated meanings that reference the disturbing
information, narrative and aesthetics. It is therefore suggested
that users articulating ambiguity may actually better appropriate
the media content and scenarios than those attributing a high
credibility to the image (“debating future action,” “locating
impacts”). Here, we can come back to definition by Marlene

FIGURE 3 | Credibility and appropriation (visualization by the author).

FIGURE 2 | How Earth Would Look If All The Ice Melted (© National Geographic / Science Insider).
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Faber, characterizing appropriation as an action aiming to bridge
the distance between the appropriating subject and the object to
be appropriated (Faber, 2001, 29). To stick with this analogy,
appropriation may therefore be higher the longer the bridge is. In
our case of knowledge appropriation on YouTube, appropriation
will then be highest in the case of the practice “envisioning
further,” despite a relatively low degree of attributed
credibility. Users “envisioning further” only take the
information depicted as a starting point for their own
imagination. They test the boundaries of the imaginary, add
facets to it and draw relationships to everyday activities,
personal value considerations and contemporary events and
matters of concern. This future imagination is often a
collaborative endeavor with several commenters adding
imaginative elements on top of each other. They thereby bridge
the large gap between the information depicted and a successful
future imagination with the performative act of commenting in the
post-video discussions. Against this background, it seems necessary
to reevaluate the role of ambiguity in science-related
communication on YouTube and other online media settings.
Clarity of information may be an understandable objective for
science communicators of all kinds. Teachers will strive for clarity
in their pedagogic experiments with the video format to explain
mathematic formula on YouTube. Epidemologists will stick to
simplicity and precision while giving instructions to protect against
the spreading of a virus. Communication experts such as Edward
Maibach has also made the case for clarity in climate change
communication: “To effectively share what we know, we need
simple clear messages, repeated often, by a variety of trusted
sources” (Maibach, 2019, 337). The insights from the present
study also suggest, however, that the format of online videos
may not be particularly suited to convincingly communicate
such clarity from trusted sources, as it simply doesn’t oscillate
with the way people consume, evaluate and debate science-related
information via YouTube and similar media settings. Moreover,
ambiguity of information may actually be valuable and have a
positive impact on problem definition, future imagination,
discursive engagement and knowledge appropriation in case of
“wicked problems” (Hulme, 2009) such as climate change.

LIMITATIONS AND FUTURE OUTLOOK

This study was designed as a qualitative and explorative endeavor
with particular focus on posting behavior and situated practices of
knowledge appropriation on YouTube. As a result, the distinctive
practices described in Credibility and Appropriationmay not be
directly and generally transferable to other scientific issues, types
of visual media, or audiences. It could therefore be beneficial to

compare the results of this study with other science-related post-
video discussions. A promising comparison would involve the
situated appropriation of the chart #flattenthecurve in the context
of the COVID19 debates on YouTube and other social media
channels. Among other things, this would allow for a more
quantitative assessment of different practices and their relative
importance in post-video discussions. A second limitation of the
study is due to its exclusive reliance on actively commenting users.
Of course, most users on YouTube only watch videos and do not
comment. To obtain an understanding of the appropriation
practices of silent users, it would be revealing to conduct
narrative interviews or to observe audiences while they
consume and engage with YouTube content and users.
Finally, it would be productive to explore mixed methods
approaches in order to analyze greater datasets and to
evaluate representativeness of findings. A promising way
forward in this regard is the combination of qualitative
coding with machine learning. As explorations with such
approaches have shown (Chen et al., 2018; Smith et al., 2018;
Baumer, 2020), machine learning can be used to support the
qualitative coding of extensive social media datasets as well as
interpretative analysis and theory building.
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Audio-Visual Tools in Science
Communication: The Video Abstract in
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In recent years, the use of videos by the scientific community has evolved continuously.
Researchers, communicators, and other players are using audio-visual media to reinvent
their stories, to deconstruct complex phenomena and to increase the outreach and impact
of their scientific publications. An example of this trend is the video abstract: an audio-
visual representation of the key findings described in the written abstract. Much of the
research in this area is new and focused on content analysis and classification of online
science videos. Furthermore, studies with videos and environmental communication are
attached to specific topics like climate change. So far, a small fraction of publications has
explored the study of the video abstract, its effects, and its potential, as one general
scientific area. This paper provides the first characterization of video abstracts in the areas
of Ecology and Environmental Sciences. We identified video abstracts in 29 scientific
journals, based on impact, representativeness and visibility criteria. A database of 171
videos, from 7 publishers and 17 different video channels was created. Each video was
analyzed for different parameters. The analysis considered not only characteristics of each
video, but also characteristics from the corresponding scientific papers. Results indicate
that between 2010 and 2018 the number of video abstracts increased sevenfold. Despite
this growth, there was no solid strategy for disseminating the videos. While most of them
are still associated with classic models, such as documentaries, disruptive formats such as
animation are the ones that arouse greater interest. Professional shorter videos (2–3min in
length) showed a significantly higher number of daily views and their papers garnered a
higher number of citations per day. This data, combined with future qualitative research,
will help to develop a model for validating the quality of an Ecology video abstract and
provide new insights into the global study of audio-visual communication of science.

Keywords: audio-visual formats, ecology, environmental communication, science and media, science
communication, online video, video abstract, visual communication

INTRODUCTION

Science communication is usually associated to the written press format (Bentley and Kyvik, 2011)
and, scientific papers continue to be the most used format in academia to disseminate the research
produced (Jamali et al., 2018). However, with the rise of the internet and the science of information
technology the way science is communicated has witnessed profound changes. Nowadays,
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publications can benefit from these new communication tools
that go far beyond written papers with graphs and tables
(Rodrigues and Godoy-Viera, 2017; Jamali et al., 2018).
Sharing results through audio-visual resources has gained an
important role in this process: video recordings or live events,
conferences, school classes, experiments and projects, each
method having its own ability to illustrate practical knowledge
in a much more effective way (Plank et al., 2017). Indeed, a wide
range of audio-visual resources are available nowadays, with
increasing adoption by the scientific community; amongst
these resources, videos have gained special prominence (León
and Bourk, 2018).

Science online videos can be defined as short scientific audio-
visual content that aims to reach a wider audience using resources
that demystify science features for the general public while
keeping its rigor and precision (Morcillo et al., 2016; García-
Avilés and de Lara, 2018). It is not a standardized communication
tool since it is characterized by a great variety of formats and an
increasing mix of genres (Erviti and Stengler, 2016; García-Avilés
and de Lara, 2018).

In this context, the video abstract, the main object of study for
this paper, emerges as a relatively new genre in science
communication, having been already well defined and
described by Spicer (2014): it is a video presentation of a
scientific paper, which communicates the framework of the
study, the methods, the results, and the conclusions and future
goals. It is the filmed version of the written abstract, i.e., audio-
visual summaries of scientific papers (Berkowitz, 2013). Unlike
conference and lecture videos, such as TED Talks (Shah and
Marchionini, 2013; Sugimoto and Thelwall, 2013; Tsou et al.,
2014), and experimental and protocol videos like the ones
published in the Journal of Visualized Experiments (JoVE,
2018; (Rodrigues and Godoy-Viera, 2017), the video abstract
allows one to present content in multiple formats: it can be an
interview, a documentary, an infographic, a monologue or an
overlap of all these formats. The creators of these videos use an
array of analogical and digital tools without any specific
guidelines (Plank et al., 2017); however, in some particular
cases, journal editors have assigned rules and
recommendations, and provide production and design tips to
establish a defined model for the publication of a video abstract in
a specific scientific area. These guidelines differ from area to area
and may include technical specifications, review process,
copyright, use of English and use of content, structure and
tone (Spicer, 2014). Cell Press, Springer Nature, Elsevier,
Wiley, IOP Science, IEEE Xplore and American Chemical
Society are among the publishers that accept video abstracts as
a complement to the published paper (Plank et al., 2017).

Furthermore, some of these publishers have established
partnerships with specialized platforms in the production of
multimedia content (e.g., Research Square (Research Square,
2018)). Through a set of paid services, researchers can see
their work come to life in the form of a video abstract
(2–3 min in length) or a video byte (1-min in length), using
all sorts of techniques and animation. Also, universities and
institutes have been promoting courses in science
communication to instruct researchers and students on how to

produce their videos (e.g., Filmmaking for Scientists, Popular
Science Video Workshop, Low Budget Science Film Making
Course) (Plank et al., 2017; Angelone et al., 2019; Chan, 2019).
We are moving from a generation of “scientists-turned-
filmmakers” to a generation of “scientists-as-filmmakers,”
researchers who integrate subjects on film production and
directing into their academic training (Angelone, 2019). The
growth of such initiatives reflects, in some way, the demand
by the scientific community to communicate their research in a
visual, modern and appealing way in order to increase the
outreach and impact of their scientific publications.

The benefits of using videos as a science communication tool
include the ability to describe scientific and complex processes in
a more effective way; and the potential to increase research
visibility, to decrease the costs of training and experimentation
and to foster reproducibility of methods and approaches
(Rodrigues and Godoy-Viera, 2017; Jamali et al., 2018). While,
fifteen years ago the video format had a single distribution
channel, i.e., television broadcast, built on a unidirectional
model, nowadays, with the advent of the internet, things have
changed and video producers can think about universal online
distribution, without additional investment, in an increasingly
low-cost system (Granado and Malheiros, 2015). Very few
scientists are heard outside the television environment and
video abstracts can help to change that reality by bringing the
message to a wider audience (Erviti, 2018). Also, previous studies
have shown that scientific papers coupled with a video abstract
are downloaded more and have more citations than papers
without such an addition (Plank et al., 2017; Zong et al.,
2019), and that optimized videos disseminate the scientific
content to non-expert audiences in a more clear way, in
comparison to written texts (Putortì et al., 2020).

Science video is a complex tool, an hybrid product that, like
science communication itself, is based on different disciplines and
knowhow, being interconnected with the universe of social
networks and their users, who are today’s producers (Bruns
and Schmidt, 2011; Welbourne and Grant, 2016). Despite the
need to create communities, to produce unique and innovative
content (Erviti and Stengler, 2016), to work on new narratives
(Angelone et al., 2019), to maintain scientific rigor (Frances and
Peris, 2018) and to train researchers in these new areas (Plank
et al., 2017; Angelone, 2019), the use of video-abstracts for those
purposes still presents some constraints. In particular, it is
important to understand if a video abstract is suitable for all
subjects, what models should we use as guidelines to produce a
successful video abstract, what is the real effect of video abstracts
on research dissemination and learning of sciences, and what are
the best approaches for measuring these effects.

In pursuit of this purpose, an inventory of video abstracts
present in 29 scientific journals was made, with an overall number
of 171 video abstracts being selected, viewed and categorized. We
did a general characterization using descriptive and content
metrics. Also, we tried to understand what were the most
important factors that affect the research popularity, measured
by the number of citations per day, value of Altmetric of the
scientific paper and number of views of the video abstract. Based
on the literature review we examined four content factors—video
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length, production, format and audio quality—for their influence
on research popularity. Understanding the influence of these
factors on research popularity will allow the producers to create
more effective and more engaging content. This is the first step
toward a conceptual framework about video abstracts in Ecology
and Environmental Sciences. In the next section, “Ecology and
Environmental Sciences under the lens”, we present the reasons
on choosing this scientific area; then in “Literature Review” we
briefly review the previews works on video categorization,
focusing on the content factors chosen for the analysis. In
“Design and Methods” we describe the sampling and
codification processes, as well as the descriptive and statistical
analysis used. The “Results” are divided into five
sections—general characterization, video length, production,
formats and audio quality—where we do a global description
and then analyze the content factors with the research popularity.
Finally, in the “Discussion” and “Conclusions” we debate the
main findings, point out the research limitations and establish
new guidelines for future research.

Ecology and Environmental Sciences Under
the Lens
The world’s growing population has led to problems of rapid
climate change, over-exploitation of our natural resources,
degradation of natural habitats and biodiversity loss.
Ecological and Environmental Sciences help us understand
these issues, and address some of the biggest environmental
challenges that our planet faces. Over the past decades, these
issues have cultivated a growing interest in academia,
governmental agencies, and the general public. The EU
Biodiversity Strategy for 2030 (European Commission, 2020)
and the 2030 Agenda for Sustainable Development (United
Nations, 2015) are goals and efforts that need to be supported
by a communication matrix. Concepts such as visual literacy
(Bucchi and Saracino, 2016; Krause, 2017; Rigutto, 2017;
Trumbo, 1999) go hand-to-hand with others like
environmental literacy, ecological literacy and eco-literacy
(McBride et al., 2013) to create new tools and new responses
to these problems. Moving images can transmit emotions and
indorse engagement in the citizens, especially on the
environmental areas where the visuals are used to promote
behavioral change (León and Bourk, 2018). Studies that
explore the visual rhetoric, that try to “understand how images
communicate, how they function in a social and cultural
environment, and how they embody meaning” (Margolis and
Pauwels, 2011), start to show their importance: for example,
Finkler et al. (2019) studied the impact of video on changing
attitudes and good practices in whale watching. The authors
concluded that following the viewing, almost all participants
demonstrated their intention to choose a tour operator that
promotes sustainable and responsible whale watching practices
(Finkler et al., 2019; Finkler and León, 2019).

Studies dedicated to environmental videos have focused on
specific and current themes such as fracking (Jaspal et al., 2014)
environmental activism (Slawter, 2008; Uldam and Askanius,
2013) or climate change (León and Bourk, 2018; Allgaier, 2019);

thus, no work focuses specifically and transversally in the area of
Ecology and Environmental Sciences. Given its potential for the
production of highly visual video-abstracts, these study areas are
extremely relevant for pursuing the goals of this study.

Literature Review
The video abstract raises new questions on evaluating the success
of research communication and opens the door to new dynamics.
Traditionally, written articles see their impact assessed through
the number of citations (Thelwall et al., 2012) and, more recently,
through new metrics such as Altmetric (Altmetric, 2012). These
can include “citations on Wikipedia and in public policy
documents, discussions on research blogs, mainstream media
coverage, bookmarks on reference managers like Mendeley, and
mentions on social networks such as Twitter” (Altmetric, 2012).
It is therefore important to take these two values into account
when it comes to the popularity and scope of a written paper.
Furthermore, the popularity of videos is directly associated with a
series of metrics such as the number of views, viewing time,
retention time, engagement, among other metrics. Many of these
metrics are available to the public, but others only for internal
management by the author of the video, using tools such as
YouTube Analytics. Video’s popularity is associated with two
kinds of factors: content factors, directly related to the production
of the videos, such as length, format, theme, and agnostic-content
factors, such as the sharing network and recommendation
systems (Borghol et al., 2012; Figueiredo et al., 2014).
Although this is a dynamic function, the content factors seem
to be the most informative and most used to understand what
makes a video have more or less impact (Welbourne and Grant,
2016). Most of the studies on online video, are recent and focus on
studying these factors that can be altered, changed and modified
by the authors, researchers, and producers.

Although most experts agree that online science videos should
be brief, visually appealing and easy to see (García-Avilés and de
Lara, 2018) it is vital to have an idea of what videos have been
made and what factors can be improved. Realizing what kind of
content can be effective and popular and who produces it seems
to be mandatory questions for the future of the area (Allgaier,
2019). In fact, in the last decade, research efforts have focused on
these two major topics. Categorization and content analysis was
one of the first types of study to emerge and has been maintained
over the years, highlighting documentaries, reports and
animations as the most present and most popular formats
(Thelwall et al., 2012; Morcillo et al., 2016; Plank et al., 2017).
One of the most recent classifications suggests 18 different
formats, divided into two major groups: television
formats—videos that were initially broadcast on television and
then uploaded online—and web formats—videos produced from
scratch to the internet (García-Avilés and de Lara, 2018). Video
blogs, TV news stories and TV features or documentaries were
the most frequent video formats used on science communication
(García-Avilés and de Lara, 2018).

The question of form and content is directly related to the
production and its actors. The type of channel, and by default the
production contexts, are particularly important when we examine
video popularity (Welbourne and Grant, 2016). Léon and Bourk
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(2018) identifies media companies as producers of more than half
of the analyzed videos, in contrast to the scientific institutions
that produce much less; however, both are more represented by
traditional formats such as news and documentaries (Erviti,
2018). The most experimental and emerging genres are in
charge of non-professional users and their entitled User
Generated Content (UGC) (Erviti, 2018), content that despite
being less numerous is more popular in science communication
(Welbourne and Grant, 2016).

In the production process, other elements, adding to the
narrative format, have to be taken into account. First, it is
important to understand what the ideal length of a video is.
The average video length on YouTube is 11.7 min (Statista,
2020a). Depending on the category the video length can vary a
lot, from 24.7 min in “Gaming” to 6.8 min in “Music” (Statista,
2020a). Also, looking at the most popular video content
categories that year, we can assume that shorter videos are not
the most popular ones (Statista, 2020b). So, it’s important to
adapt the length of our film to the area, category and target
audience. Concerning the sound, recent findings suggest that
good audio quality is in the researcher’s or reporter’s interest and
that the technical quality of recordings can affect the evaluation of
the research (Newman and Schwarz, 2018). The average quality
of the audio and the narrator’s voice of popular science videos are
good and very good, showing values of production and a certain
degree of professionalism on this feature (Morcillo et al., 2016).
Scarce literature on the effects of length and audio quality on
video popularity and the future research tasks on producing a
video abstract lead us to include these two features in our study.

Design and Methods
The first stage of the work involved restricting the research to
Ecology journals and ensuring that only journals with a high
reach that is the impact factor—a metric that evaluates the
frequency with which a paper is cited in a given year or
period in a specific journal—were used. Thus, according to the
Journal Citation Reports 2018 (Journal Impact Factor, 2018), the
top 40 journals of Ecology in terms of impact factor were selected
(Supplementary Appendix A). The journal with the highest
impact factor was “Trends in Ecology and Evolution” (15.938)
and the one with the lowest impact factor was “Behavioral
Ecology” (3.347). From this selection, only five scientific
journals, from the same publisher (Wiley), used video
abstracts with their papers and on their video channels. Since
this sample represented a set of less than a hundred videos, in a
second stage, the research field was extended to Ecology and
Environmental Sciences. Thus, 24 extra scientific journals from 6
different publishers (Springer, Springer Nature, Nature, AAAS,
Cell Press and New Phytologist Trust) were added.

After that, a thorough search on the webpages of scientific journals
and in their video channels was made. No limitations were imposed
on the length or the use of still images in the videos, thus including
hybrid formats such as the “video article” (Vázquez-cano, 2013), the
“audioslide” (Yang, 2017) or the “video byte” (Research Square, 2018)
in the definition used for video abstract. All the videos that did not
fit this definition were excluded. In a final stage, the research
was extended using keywords in search engines, to researcher’s

personal pages, social networks and specific platforms associated
with the production of science videos such as Research Square.
This process resulted in a corpus (database) of 171 videos, from 17
video channels (from YouTube and Vimeo platforms), 29 journals
and 7 publishers (Table 1) (Supplementary Appendix A).

The categorization of the video abstracts (Supplementary
Appendix B) was based on the grid analysis presented by
Morcillo et al. (2016), on technical bibliography (Bordwell and
Thompson, 2003; Vachon, 2018) and a pre-analysis of the videos
(Coutinho, 2018). Data coding, considering the characterization
of each video abstract constituting the corpus, was made
manually and was divided into three steps (Morcillo et al., 2016):

(1) Collection of general metrics for each video:

(a) video title;
(b) channel name;
(c) number of subscribers of the channel;
(d) number of likes;
(e) number of dislikes;
(f) number of views;
(g) number of comments;
(h) length of the video: measured as the complete duration of

the video;
(i) video age: in number of days from the date of publication

to the date of data collection;

(2) Collection of general metrics of scientific papers associated
with the video abstracts:

(a) number of citations;
(b) Altmetric value;
(c) publication date;
(d) number of days online;
(e) scientific field;
(f) country of origin of the first author.

(3) Collection of content factors for each video:

(a) production: amateur (a video produced by the author(s)/
researcher(s) with limited resources), semi-professional
(a video that mixes professional with amateur resources,
normally associated to a university or research center) or
professional (a video produced by a media company,
producer or science magazine);

(b) number of narrators: a specific number or no narration;
(c) gender of narrators: female, male or no gender;
(d) type of narration: first-person narration or third-person

narration;
(e) type of thumbnail: a miniature of a frame, designed titles

or any other option;
(f) shooting location: exterior locations, interior locations

or both;
(g) number of takes used in the film;
(h) shots used: extreme long shot, long shot, medium-long

shot, medium shot, medium closeup, closeup, extreme
closeup;
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(i) video format: animation (video that uses animation
techniques, as motion graphics, stop motion or
whiteboard animation), documentary (live footage video
that presents its themes in a factual and informative way,
using numerous clips and different techniques, similar to a
tv documentary or reportage), dynamic presentation
(video with still images and titles animations, normally
with music instead of narration), monologue (video in
which the author, improvising or following a script, speaks
directly to the camera on a scientific topic) or simple
presentation (video that is mostly shaped by still images,
narrated like a slide presentation);

(j) intro description: design and characteristics of the
opening credits;

(k) outro description: design and characteristics of the
opening credits;

(l) additional elements: maps, graphics, diagrams or others;
(m) sound design: the presence of background music, sound

effects or others;
(n) audio quality: measured as the narrator’s voice quality

(good, bad or no narration).

As the initial coding process was carried out by just one person,
we decided to strengthen the analysis. Therefore, a group of 30
coders was invited to analyze a representative sample of the corpus.
The group had researchers from exact sciences and social sciences,
and professionals from audio-visual, marketing and education fields.
The sample of 21 videos (12% of the total) was representative of the
main characteristics under study. After the coding, we measured the
agreement between the coders using the Fleiss Kappa measure
(Coutinho, 2018), for three of the four content factors used in
our correlation (production, format and audio quality). The values
obtained were all below 0.3 what represents a poor agreement
between coders (Coutinho, 2018). To improve reliability, the
categories were redefined and reformulated, as described above. A
new coding process was led by all the authors of the paper. The key
content factors were independently coded, and the values obtained
varied between a strong (0.83 for video format and 0.80 for video
production) and a good agreement (0.72 for audio quality).

All the links and web addresses from the selected papers, journals,
videos, and channels were also collected (SupplementaryAppendixA).

Descriptive analyses were made for the number of video
abstracts per year (from 2010 to 2019), publishers of the

TABLE 1 | Number of video abstracts by video channel, scientific journal and publisher.

Publisher Channel Journal Number of videos

Wiley Functional Ecology Functional Ecologya 23
American Museum of Natural History Functional Ecologya 1
Journal of Ecology Journal of Ecologya 18
Ecography Ecographya 13
Journal of Animal Ecology Journal of Animal Ecologya 10
Wiley Ecohydrologya 1
Wiley Environmental Toxicology and Chemistry 1
Wiley Fisheries Magazine 2
Wiley Ecology and Evolutiona 1
Wiley WIREs Watera 1
Wiley Global Change Biologya 1
Research Square Land Degradation and Developmenta 1

New Phytologist Trust New Phytologist Trust Plants, People, Planeta 9
Springer Research Square Sustainability Science 1

Springer Videos Ambio 1
Springer Nature Research Square Parasites and Vectors 1

BMC BMC Biology 1
BMC BMC Evolutionary Biology 1
BMC BMC Zoology 2
BMCseriesJournals BMC Zoology 1

Nature Research Square Nature Climate Change 2
Eltahir Research Group at MIT Nature Climate Change 1
Nature Videos Nature Climate Change 1
Nature Videos Nature Ecology and Evolution 2
Nature Videos Nature Physics 1
Nature Videos Nature 5
Nature Videos Nature Genetics 1
Nature Videos Nature Communications 1
Nature Videos Nature Plants 1
Scientific Reports Scientific Reports 6

AAAS Science Magazine Science 13
Science Magazine Science Advances 3
Miguel Araujo Science Advances 1

Cell Press Current Biology Current Biology 43

aJournals with video abstracts published on their official webpages.
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scientific journals associated with each video, production,
additional elements, shooting location, the number of takes,
shots used, intro and outro descriptions, number and gender
of the actors/narrators, type of narration and the video format.
Generalized linear mixed models (GLMMs) were used to explore
the effect of production, video format and audio quality (given as
narrator’s voice quality) in video length, number of views per day,
number of citations per day of the corresponding scientific paper,
and Altmetric, including scientific journal as random factor.
Because, the variance of the random factor was lower than the
variance of the residuals, the random factor was removed and
generalized linear models (GLMs) were used (Bolker et al., 2009).
A Poisson distribution with a log link function was used in video
length and Altmetric, and a Gaussian distribution and an identity
link function were used for number of views per day of the video
and citations per day of the corresponding scientific paper.

All analyses were performed in R software version 3.0.1 (R Core
Development Team, 2016), using the packages “ggplot2” for graphics
build-up, “car” for Type-III analysis of variance (Fox et al., 2012),
“lme4” for generalized linear models and generalized linear mixed
models (Bates et al., 2014) and “multcomp” formultiple comparisons
after Type-III analysis of variance (Hothorn et al., 2016).

RESULTS

In Table 1 the number of video abstracts for each video channel,
scientific journal and science publisher is given. Of this set, only
ten journals have their videos published on their official
webpages, in addition to their video channels.

General Characterization
Between 2010 and 2018 the number of video abstracts produced
increased sevenfold and the growth rate stayedmore or less constant
(Figure 1). The small number of video abstracts uploaded in 2019,
compared to the previous year, is directly related to the last date of
data collection (September 7th, 2019).Wiley is the publisher with the

most videos associated (43%), followed by Cell Press (25%) and
Nature (13%). Almost half of the studied videos have a duration
comprised between 1 and 3min (25% between 2 and 3min and 22%
between 1 and 2min). Videos with 4–5 and 5–6min correspond to
12% and 13% of the cases, respectively. Longer videos account for
approximately 19% of the cases and there is a decreasing number of
videos with increasing length (Figure 2A).

Looking at production contexts there is a prevalence of
amateur videos (50%), created by the researchers/authors of
the work. Professional videos, produced by a media company
or producer, comes in second place, representing 38% of the
surveyed videos. Videos that mixes professional with amateur
resources, defined as semi-professional videos, are the least
frequent (12%) (Figure 2B).

Almost half of the surveyed videos (47%) mix the use of still
images with moving images. Also, the sole use of moving
images (33%) prevails over the sole use of still images
(20%). The most used additional elements were graphs and
maps. In the videos where film shooting is included, the
majority is made outdoors (42%) or combines indoors with
outdoors footage (45%). Videos shot exclusively indoors are a
minority (13%). Furthermore, 85% of these videos have a story
with more than three takes, and 66% include the use of more
than one shot. The intros and outros of the videos are mainly
based on a simple composition of titles or credits, which can
appear solo, with still images or with videos.

Most of the voiceover is done by a single narrator/researcher
(73%), followed by videos with no narration (12%) and videos
with two narrators (10%); videos with three and four different
narrators are residual (Figure 2C). Regarding the way the story is
narrated, the majority of the videos (61%) presents a third-person
narrator instead of a first-person narrator (18%) (Figure 2D). As
for the adopted format, most of the videos tell their story in more
traditional ways recurring to the documentary style (46%) or
simple presentations (23%). More disruptive formats, like
animations (16%) or dynamic presentations (11%), have a
small representation, and monologue is the least used format

FIGURE 1 | Number of video abstracts per year of publication (from 2010 to September 7th, 2019).

Frontiers in Communication | www.frontiersin.org February 2021 | Volume 6 | Article 5962486

Ferreira et al. Video-Abstracts in Ecology

170

https://www.frontiersin.org/journals/communication
www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


(Figure 2E). Finally, more than half of the researchers who
narrate the videos are male (57%), while females appear less
represented (36%); the joint narration is not so popular (7%).

Video Length
Videos with 2–3 min length presented the highest number of
views per day and the respective scientific papers presented

FIGURE 2 | Proportion of video abstracts (%) according to the video length (A), the type of production (B), number of narrators (C), type of narration (D) and video
format (E).

FIGURE 3 | Video length according to the number of views per day (A), the number of citations per day (B) and production type (C). In A and B values are given as
mean and standard error of the mean. In C, the lower and upper hinges of each boxplot correspond to the first and third quartiles (the 25th and 75th percentiles) and
whiskers extends from the hinge to the largest value no further than 1.5 * the inter-quartile range. Medians are depicted as a horizontal line within the boxplot, means as a
gray bullet and outliers as black bullets (for visualization purposes online, some of the outliers are not depicted in the graphic); different letters represent statistical
differences at p < 0.05.
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the highest number of citations per day (on average) (Figures
3A,B). Therefore, there seems to be a clear preference for
shorter content, with a tendency for the abovementioned
variables to decrease as the running time of the videos
increases. Statistically significantly differences were detected
among the production types (χ22,168 � 37.34; p < 0.001,
Table 2), with shorter videos being significantly associated
with professional productions; on the other hand, amateur
and semi-professional productions are significantly longer,
with no significant differences being observed between both
production types (Figure 3C).

Video Production
Videos with professional (n � 65) and semi-professional (n �
20) production presented more views per day on average than
the amateur productions (n � 86), but the differences were not
statistically significant (χ22,168 � 0.22; p � 0.801; Table 2)
(Figure 4A). Also, the median values of views per day were
lower for videos with semi-professional production in

comparison with those with professional production. The
same trend was observed for the number of citations per
day of the respective scientific papers, with the highest
average values being obtained for professional production,
but in this case videos with professional production led to a
significantly higher number of citations than amateur
production (χ22,168 � 8.00; p < 0.001; Table 2), with semi-
professional productions presenting intermediate values not
differing significantly from the other productions types
(Figure 4B). For the Altmetric value of the publication,
statistically significant differences were obtained among
the three production types (χ22,168 � 9.93; p < 0.001;
Table 2), with professional videos leading to statistically
significant higher Altmetric values than semi-professional
and amateur productions. Amateur productions led to the
lowest Altmetric values, and semi-professional productions
presented intermediate values (Figure 4C).

Video Format
The formats with the highest average number of views per day
were the documentary (n � 79), simple presentation (n � 40) and
animation (n � 27), but no statistically significant differences
were obtained among video formats (χ24,166 � 0.40; p � 0.810;
Table 2). It should be noted that simple presentation format
presented some outlier values that might have influenced the
average values, but presented median values similar to
monologue (n � 6) and dynamic presentation (n � 19)
formats (Figure 5A). Statistically significant differences were
obtained for number of citations per day (χ24,166 � 3.34; p �
0.01; Table 2). Animation and documentary formats are
highlighted with the highest average number of citations per
day, but significant differences were only obtained between
animation and dynamic presentation and between animation
and simple presentation (Figure 5B). For the Altmetric,
statistically significant differences were obtained among videos
formats (F4, 166 � 2,876.74; p < 0.001; Table 2), with animation

TABLE 2 | Statistical results from Generalized Linear Models of the effect of
production, video format and audio quality (given as narrator’s voice quality) in
video length, number of views per day of the videos, and number of citations per
day and Altmetric of the corresponding scientific paper. Statistically significant
differences at p < 0.01, are highlighted in bold.

Factor Variable Df χ2 values p value

Production Video lenght 2,168 37.34 <0.001
Number of views per day 2,168 0.22 0.801
Number of citations per day 2,168 8.00 <0.001
Altmetric 2,168 9.93 <0.001

Video format Number of views per day 4,166 0.40 0.810
Number of citations per day 4,166 3.34 0.01
Altmetric 4,166 4.89 <0.001

Audio quality Number of views per day 2,168 0.76 0.470
Number of citations per day 2,168 3.43 0.415
Altmetric 2,168 4.52 0.01

FIGURE 4 | Video production according to the number of views per day (A), and number of citations per day (B) and Altmetric values (C) of the corresponding
scientific paper. The lower and upper hinges of each boxplot correspond to the first and third quartiles (the 25th and 75th percentiles) and whiskers extends from the
hinge to the largest value no further than 1.5 * the inter-quartile range. Medians are depicted as a horizontal line within the boxplot, means as a gray bullet and outliers as
black bullets (for visualization purposes online, some of the outliers are not depicted in the graphic); different letters represent statistical differences at p < 0.05.

Frontiers in Communication | www.frontiersin.org February 2021 | Volume 6 | Article 5962488

Ferreira et al. Video-Abstracts in Ecology

172

https://www.frontiersin.org/journals/communication
www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


format leading to higher Altmetric values than the other formats;
however, significantly higher values for the animation format
were only obtained when compared with the values obtained for
dynamic and simple presentations, which are among the lowest
ones (Figure 5C).

Audio Quality
Videos where the quality of the narrator’s voice is bad (n � 28) had
a higher average number of views per day than the videos with
good (n � 125) or no narration (Figure 6A), despite no significant
differences were obtained among the three groups (χ22,168 � 0.76;
p � 0.470; Table 2). It should be noted that this was probably
influenced by some outlier values in videos where the quality of the
narrator’s voice is bad as the median value is the lowest one, being
even lower than that obtained for videos with no narration
(Figure 6A). On the other hand, the number of citations per

day and the Altmetric value of the corresponding scientific paper
showed higher average values when the videos have good narration
(Figures 6B,C, respectively). However, such differences were only
statistically significant for the Altmetric value (χ22,168 � 4.52; p �
0.01; Table 2). For the number of citations per day, despite the
tendency referred above, the values were not significantly different
(χ22,168 � 3.43; p � 0.415; Table 2).

DISCUSSION

The results of this study highlight the fact that the use of video
abstracts in Ecology and Environmental Sciences is a complex
and dynamic process. Our corpus presented us with very different
approaches toward the production of a video abstract in this area:
from a single researcher in his office to professional

FIGURE 5 | Video format according to the number of views per day (A), and number of citations per day (B) and Altmetric values (C) of the corresponding scientific
paper. The lower and upper hinges of each boxplot correspond to the first and third quartiles (the 25th and 75th percentiles) and whiskers extends from the hinge to the
largest value no further than 1.5 * the inter-quartile range. Medians are depicted as a horizontal line within the boxplot, means as a gray bullet and outliers as black bullets
(for visualization purposes online, some of the outliers are not depicted in the graphic); different letters represent statistical differences at p < 0.05.

FIGURE 6 |Narrator’s voice quality according to the number of views per day (A), and number of citations per day (B) and Altmetric values (C) of the corresponding
scientific paper. The lower and upper hinges of each boxplot correspond to the first and third quartiles (the 25th and 75th percentiles) and whiskers extends from the
hinge to the largest value no further than 1.5 * the inter-quartile range. Medians are depicted as a horizontal line within the boxplot, means as a gray bullet and outliers as
black bullets (for visualization purposes online, some of the outliers are not depicted in the graphic); different letters represent statistical differences at p < 0.05.
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documentaries, from still images of the fieldwork to ingenious
animations, from long presentations to very short explanations.
This enormous variety of elements represented a huge challenge
on the processes of content analysis and categorization. It is
difficult to design a typology that represents such diversity
(García-Avilés and de Lara, 2018). Our study provides relevant
information to understand how this genre is evolving and
contributes to establishing new directions toward more
effective audio-visual communication.

The study sample and its detailed analysis revealed a strong
dispersion and disorganization of the contents: videos from the
same publisher and the same journal are often uploaded on
different channels, showing lack of a real communication
strategy (Table 1). This is in line with previous studies in the
field of video production, that revealed no or small articulation
between the different offices of an institution and the various
outputs, suggesting that a single and stable language is lacking
(Santos and Santos, 2014) and that it is necessary to create a
strategy for disseminating videos in an online environment
(Erviti and Stengler, 2016). Effective dissemination implies a
strategy, that in itself requires contacts, time and money
(Vachon, 2018). When a film is planned it is important to
include promotion as an independent task and think about it
since the beginning. As researchers, the communication can be
under our responsibility or be in charge of other professional (e.g.,
science communicators or journalists on communication offices);
the important thing to ensure it is a focused voice, that determines
when, how and where. It is vital to collaborate with all the
institutions involved in the research (e.g., universities, research
centers, research groups, science journals, science centers,
newspapers) to upload the video in one unique platform, and
spread the word from there. This is particularly important when
we want to measure popularity metrics, being more rigorous and
reliable if all the data come from one platform.

Despite this disorganization, the annual growth of video
production follows the positive trend described, in general, for
online scientific videos (García-Avilés and de Lara, 2018)
(Figure 1). This evolution demonstrates a growing
involvement of the scientific community and its partners with
this dissemination tool and represents a clear sign of a growing
interest in these new ways of communicating science. Also,
although the methodology for surveying the video abstracts in
Ecology and Environmental Sciences was based on exhaustive
research on the webpages of scientific journals, video channels,
search engines, social networks and other relevant platforms,
some interesting content may still have passed unnoticed.

Unsurprisingly, most of the video abstracts followed classic
models, rooted in television, such as documentaries and
reportages (Welbourne and Grant, 2016; Davis and Léon, 2018):
an individual, indirectly narrating a story or presenting research. It is
possible that these specific areas (Ecology and Environmental
Sciences) also amplify the use of these formats, once there is a
great tradition on nature documentaries, very rooted in popular
culture. The dominance of moving images and a certain complexity
of production—in the number of takes, in the mix of indoor with
outdoor shooting and in the type of elements used—are strong
examples of this style. In contrast to what was observed by Erviti

(2018), the bigger expression of amateur videos, and the so-called
User Generated Content (UGC), does not represent, in this sample,
more experimental content (Erviti, 2018). This probably reflects the
need for specific training in these areas (Plank et al., 2017; Vachon,
2018; Angelone et al., 2019). In advanced courses in the area of
science video production, after coming into contact with newways of
storytelling, most researchers opt for these alternatives, instead of the
linear narratives they previously were aware of (Angelone et al.,
2019). In the eyes of the public, disruptive genres such as motion
graphics seem to cultivate greater interest, as reflected in the number
of citations per day and Altmetric of the associated papers. However,
the more traditional formats and narratives prevail largely. This can
also be related to the fact that this kind of expository style is believed
more (Davis et al., 2020). Also, the audience of this videos may be an
engaged one, with peers and people with a university education, with
whom the infotainment style is not so effective (Davis et al., 2020).

With this study, it seems clear that the most recommendable
length for video representations of scientific works in Ecology and
Environmental Sciences, taking into account the video (given as
the number of videos/day) and paper (given as the number of
citations/day) outreach, is between two and three min. This
average length is also associated with professional contexts.
Professional and semi-professional productions also usually led
to higher video and paper outreach. This possibly reflects better
content dissemination mechanisms (reflected in high Altmetric
values), actors with more experience in the field and the
establishment of stronger bridges between audio-visual content
and written content. Despite the relevance of this data, further
research regarding video length (Welbourne and Grant, 2016)
and production values, using a larger amount of samples and
other variables, such as the impact of video-abstracts in science
learning (Slemmons et al., 2018), is needed.

Although previous studies have shown that ensuring good audio
quality should be in the researcher’s interest (Newman and Schwarz,
2018), in our case, the quality of narrator’s voice, given by the general
audio quality, was not a determining factor for video viewing.
However, it had a positive impact on the scientific reach of the
written paper, measured as theAltmetric. As it happens with some of
the other results, strong conclusions should be viewed with caution,
as factors such as the reach and effort that each researcher and
journal have invested in promoting its video, variables that are very
difficult to measure, may prevail as explanatory variables. For future
work, once audio quality is a difficult metric to quantify, we
recommend the use of quantitative metrics like the number of
words per minute (Morcillo et al., 2016).

Another variable that could help to clarify some of the results
we have obtained is the audience retention. This measure tells us
how many people are still watching a video during video playback,
indicating when viewers stop watching (e.g., YouTube Analytics).
Understand the viewer’s interest throughout the video can give us
insights into what segments are working well and what sections
need to be improved. Also, if the number of views measures
popularity, it fails to translate impact or ensure that the content
was viewed in its entirety; unfortunately, such data is only available
for the authors/owners of the videos. Future research will focus on
the production of our own video abstracts in the area of Ecology
and Environmental Sciences, and this will enable to evaluate these

Frontiers in Communication | www.frontiersin.org February 2021 | Volume 6 | Article 59624810

Ferreira et al. Video-Abstracts in Ecology

174

https://www.frontiersin.org/journals/communication
www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


metrics, allowing us to explore new content data and new visual
features. Due to time constraints and research purposes not all the
visual components were coded and interpreted. These elements
can be explored on a visual rhetoric approach (Finkler and León,
2019), exploring the different elements of the science storytelling,
for example creating and testing two different versions of the same
video abstract, where only one feature differs.

Furthermore, there is also a series of non-controllable
variables that were not taken into account in this study and
that can somehow affect the results, including the characteristics
of the video channels (number of subscribers) and the scientific
papers (number of authors, presence of international co-authors,
number of characters in the title and the abstract, number of
keywords, references and pages and funding). Future studies
considering all these variables are highly recommendable.

CONCLUSION

This work intends to be the first step in the characterization of
video abstracts in Ecology and Environmental Sciences and
bring added value to the general characterization of scientific
videos. Along with previous works (Morcillo et al., 2016) the
intention is to describe and classify the state of the art, working
mostly with outreach metrics. However, as the use of video
abstracts is still a very recent tool, it still lacks clear and definitive
guidelines that sometimes leads to improper use of the type of
content considered. Such a lack of theoretical framework
inevitably leads to subjectivity not only in the type of content
but also in the evaluation process. To fill these gaps, a separate
study on creating a validation model for video-abstracts in these
scientific areas is under development. We hope that this future
instrument of research will allow us to validate some of our
coding categories and contribute to establishing a stronger
model of an effective video abstract in Ecology and
Environmental Sciences.
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What Comprises a Successful
Educational Science YouTube Video?
A Five-Thousand User Survey on
Viewing Behaviors and Self-Perceived
Importance of Various Variables
Controlled by Content Creators
Jacob Beautemps* and André Bresges

Edu Lab, Physics Education, University of Cologne, Cologne, Germany

Educational videos on digital platforms are an attractive way of learning, especially for the
younger generation, as they provide easy, personalizable access to a wide variety of
content. Allowing for simplified explanations and visual demonstrations, educational
videos are highly suitable for scientific content. With 500 h of video content uploaded
per minute, YouTube is the most used user-generated video content platform worldwide.
This study provides an initial insight into the elements which influence the perceived quality
of educational science videos by viewers, with a special focus on natural science videos. In
response to a call for study participants via various German natural science and technology
YouTube and Instagram channels, over 5,000 participants between the ages of 9 to 72
(M � 18, SD � 8.78) completed a web questionnaire. The questionnaire focused on the
participants’ viewing behaviors and their self-perception of the importance of the content-
creator controlled variables.It was found that there are six key elements for a successful
educational YouTube video: 1) structure, 2) reliability, 3) quality, 4) community integration,
5) presenter, 6) topic. Based on these elements, a checklist with 17 recommendations for
the creation of successful educational videos was developed, serving as a practical
guideline for content creators.

Keywords: educational videos, media, science communication, YouTube, social media, learning with YouTube,
catalog for YouTube videos, rules for YouTube videos

INTRODUCTION AND LITERATURE REVIEW

The online platform YouTube is used by 91% of Americans between the age of 18 and 29 to watch
videos (Perrin and Anderson, 2019). In 2019, over two billion, logged-in, worldwide viewers watched
videos on YouTube, comprising almost a third of all internet users (YouTube, 2020). Science videos
are a popular genre on the platform and many viewers use YouTube to learn or inform themselves
about science-related topics (Rosenthal, 2017). A study by the German Council for Cultural
Education (Jebe et al., 2019) showed almost half of the pupils between the ages of 12 and 19,
who watch YouTube videos, also use the platform for learning. Participants stated that learning with
YouTube is more fun and easier to follow because of unlimited repetitions of sessions, and more
easily understood explanations.
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There is no simple definition of what constitutes an
educational video. Corl et al. state that videos for learning can
range from “simple slide shows with audio to full-length
educational video productions that use combination of video,
slide, illustration, animation, audio lecture, and music.” (Corl
et al., 2008) This definition is very focused on the technical
aspects of educational videos. For this paper we wish to define
educational video through the desired outcomes. The goal of
educational videos is to convey knowledge and information. The
combination of visual and audio media creates an experience for
the participant which is mediated by the creator’s purpose. In the
case of an educational video the creator’s purpose is to facilitate
learning. In particular, natural science videos deal with
phenomena that occur in nature. The focus is on the
disciplines of physics, chemistry, mathematics, computer
science and technology. Whether there are differences to
human sciences has to be investigated in further research.

Researchers have tried to identify criteria for effective
educational videos and to maximize learning effects. Three
elements identified by Brame to improve the learning effects
are cognitive load, engagement and active learning. First the
cognitive load of the video should be managed so that the
participants are not overwhelmed or conversely unchallenged.
Secondly the participant engagement should be maximized. This
can be achieved by using multiple short videos which improves
the retention of the participants viewing. The third criterion is to
encourage the participants to interact with the video instead of
only consuming it. For example, by using guiding questions
integrated into the video with wait-time, the participant can
be persuaded to examine the concept (Brame, 2016). In several
studies Mayer and Anderson show students learn better with
narrated animation, instead of only visual animation or auditory
explanation (Mayer and Anderson, 1991; Mayer and Anderson,
1992). Another criterion for effective learning is the student-
teacher relationship, which can have a positive effect on academic
achievements (Xu and Qi, 2019). In equivalent to the student-
teacher relationship is the viewer-presenter relationship on
YouTube. Studies showed that there is a strong parasocial
relationship between the viewers and the presenter (Sokolova
and Kefi, 2020). This relation is formed by the following factors:
1) social attraction, 2) physical attraction, 3) homophily and 4)
time spent with the media figure (Giles, 2002). Even if many
aspects of learning with video have not been examined yet, we
already know a lot about criteria on the creation of educational
videos.

Also, many studies and articles show that video content can
enhance learning. Most students feel positive about the use of
videos: the learning performance (as measured with higher test
results) improves and students have control over learning speed,
location, time and pace (Kay, 2012; Stockwell et al., 2015). Berk
further provides a theoretical rational for the use of video material
in the learning context. The combination of visual and audio
makes use of the visual and auditory sides of the brain, which
helps to manage the cognitive load (Berk, 2009). Brame states that
this is important for the effective use of an educational video
(Brame, 2016). But most studies on educational videos emphasize
formal learning and the personal perspective of the viewers is

often neglected or superficially addressed (Rosenthal, 2017).
Cross defines that formal learning takes place in “school,
courses, classrooms, and workshops. It’s official, it’s usually
scheduled, and it teaches a curriculum.” (Cross, 2007, p. 16)
In contrast informal learning can happen “intentionally or
inadvertently. No one takes attendance, for there are no
classes. No one assigns grades [. . .]” (Cross, 2007, p. 16, p. 16).

While most educational videos on YouTube are focused on
knowledge transfer in the leisure sector or informal learning,
there exists little research on informal learning with these videos.
The videos are watched selectively by choice, implying the
necessity that the creator needs the audience as a focus. For
this reason, this study examines the perspective of participants of
educational YouTube videos in the leisure sector, with the aim of
determining practical rules for the creation of a good educational
video on YouTube. Therefore, a questionnaire was created and
administered to over 5,000 YouTube users who watch educational
natural science videos in their leisure time. As this research was
focused on natural science, the participants were recruited
through social media channels that are focused on natural
science. The results of this research are presented as a
checklist at the end of this paper, intended to help YouTuber
video creators with a practical guide for the production of
educational videos.

METHODOLOGY

This research is an exploratory study to identify criteria that
contribute to creating educational videos for informal learning, so
these possible criteria can be further investigated in follow-up
studies.

By using an online questionnaire as many aspects of the
perspective of YouTube users, who watch educational science
videos, should be investigated. The questionnaire consists of 48
questions in the German language. The development of the
questionnaire was initially proposed and planned at the
educon 2017 (an event for educational YouTubers in London)
where informal interviews with professional YouTubers were
conducted. Also, a posting on the YouTube channel Breaking
Lab asking the community what makes a good educational
YouTube video helped to develop the questions.

Since the formative contributors to the questionnaire are
creators and viewers of educational natural science videos, the
suitability of the instrument for other audiences, participants and
viewers may not be valid. An analysis of the interviews and
answers to the post, lead to the extraction of twelve groups of
question themes: 1) topic, 2) reliability, 3) presentation and sound
quality, 4) expertize, 5) title and thumbnail, 6) structure, 7)
personality, 8) storytelling, 9) length, (10) statement, 11)
community based, 12) demographic data. There are between
one and five questions per group. The complete questionnaire
in the original language can be found in the appendix.

The questionnaire was created online using the service Lime
Survey hosted by the University of Cologne and tested with a
group of eight people to check mechanics, writing and the
intelligibility. After having published the link for the
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questionnaire via different YouTube and Instagram channels
of multiple German, natural science, influencers (the channels
were: Breaking Lab, Echonaut Science, Clixoom Science and
Fiction, Doktor Whatson and Astro Comics) over 5,000
participants were recruited. The recruiting process was
facilitated by the influencers calling their community to
participate in the online survey.

The results of the questionnaire were analyzed using basic
descriptive statistics. Then the results were analyzed to
extract common themes. Afterward, the initial themes
were compared to the new themes. At the end, the data
was condensed into a checklist for the creation process of
educational videos.

RESULTS

The online survey took place from October17, 2019 to
November 23, 2019. 5,158 people took part in the survey,
3,881 of whom provided complete answers to the
questionnaire which were used in the analysis. 322 persons
stated that they were female, 3,426 male, 24 diverse and 109
persons chose to not indicate a gender (Table 1). The age range
of participants spans 9 to 72 years, with a median age of
18 years (standard deviation � 8.78) (Figure 1).

Of those surveyed, 1,102 people stated that they were pursuing
a scientific education, while about twice as many respondents
stated the opposite (Table 2).

Overall, the respondents indicated that they had a great
interest in scientific topics. Over 80% stated that they are
interested or very interested in science, which can be
explained by the fact that the respondents were reached via a
scientific YouTube channel (Table 3). Further investigation
should determine whether the collected data also represents
people who state that they have a lower interest in science.

Importance of the Key Elements in a Video
The importance of key elements in YouTube videos was
determined from the responses of the participants. For this

TABLE 1 | Gender of participants in absolute and percentage terms.

Answers Quantity Gross percentage

Female (A1) 322 8.30%
Male (A2) 3426 88.28%
Divers (A3) 24 0.62%
No answer 109 2.80%
Total (gross) 3881 100.00%

FIGURE 1 | Age distribution.

TABLE 2 | Percentage of respondents pursuing or having completed education/
studies in science in absolute and percentage terms.

Education/studies in the field of natural sciences?

Answers Quantity Gross percentage

Yes (Y) 1102 28.39%
No (N) 2384 61.43%
No answer 395 10.18%
Total(gross) 3881 100.00%

TABLE 3 | Interest in natural sciences.

How interested are you in science? 1 very interested - 5 not interested at all

Answer Quantity Gross-percentage

1 (1) 2124 54,73%
2 (2) 1148 29,58%
3 (3) 382 9.84%
4 (4) 112 2.89%
5 (5) 38 0.98%
No answer 77 1.98%
Total(gross) 3881 100.00%
Descriptive statistics
Arithmetic mean 1.67
Standard deviation 0.21
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purpose, the questions were categorized, and the mean values
were determined. The results can be found in Figure 2. The
following elements are used: 1) answer the title question, 2)
name the topic at the beginning, 3) conclusion at the end, 4)
sound quality, 5) leading question for the video, 6) voting, 7)
image quality, 8) list of sources, 9) topics from the community,
10) presenting person, 11) interviews with experts, 12) humor,
13) scientific background of the presenter, 14)
background music.

Those 14 key elements were grouped into six factors 1)
structure, 2) reliability, 3) quality, 4) community integration,
5) presenter, 6) topic.

Structure
The structure of the video is most important for the
respondents. More than 85% of the respondents say that the
topic should be mentioned at the beginning of the video
(Table 4), while almost 80% of the respondents say that a
conclusion at the end of the video is important or very
important to them (Table 5).

Facts should be repeated in the video, as can be seen inTable 6.
Almost 70% of the respondents would like to see a repetition,
while 19% give it less importance.

41% of respondents say that it is very important or important
that an expert is included in an educational video and only 23%
say it is very unimportant or unimportant. 37% of the participants
have no strong opinion on this topic (Figure 3). If an expert is
included in the video, 70% of respondents said that it should only
take up 25% of the video and 71% of respondents said that the
presenter should summarize the expert’s statements.

As seen in Figure 4 84% of the participants stated, that the
perfect length of a video is between seven and 15 min 47% prefer

FIGURE 2 | Importance of key elements in a YouTube video–average values.

TABLE 4 |How important is it to you that the topic is mentioned at the beginning of
the video? (1 very important-5 very unimportant).

Answer Quantity Gross-percentage

1 (1) 2320 59.30%
2 (2) 1029 26.30%
3 (3) 258 6.60%
4 (4) 111 2.84%
5 (5) 124 3.17%

TABLE 5 | How important is a conclusion at the end of the video to you? (1 very
important - 5 very unimportant).

Answer Quantity Gross-percentage

1 (1) 1815 46.40%
2 (2) 1311 33.51%
3 (3) 470 12.01%
4 (4) 176 4.50%
5 (5) 96 2.45%

TABLE 6 | Should important information be repeated in the video?

Answer Quantity Gross-percentage

yes (Y) 2736 69.94%
no (N) 733 18.74%
no answer 443 11.32%
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videos between seven to 10 min of length, followed by a 37%
preference for a length of 11–15 min.

Reliability
This finding is in line with the 2019 Youth/Horizon Study, in
which many students stated that one of the disadvantages of
YouTube is that the information is less science-based (Rat für
kulturelle Bildung, 2019, p. 30, p. 30).

A little over 70 percent of the respondents said that it is
important or very important for them that sources are
mentioned in an educational science video as can be seen in
Table 7.

However, only 35 percent of the respondents indicated that
they actually look at the sources if such exist. A majority of 57
percent stated that they did not refer to the sources (Table 8).

When asked how important a scientific degree by the presenter
is to the viewers, no clear tendency emerges. Only 4.94% stated

FIGURE 3 | How important are expert interviews in educational videos to you? (Ranking from 1 very important to 5 very unimportant).

FIGURE 4 | Perfect length of a YouTube video.

TABLE 7 | Source attribution for videos - How important is it to you that sources
are attributed in a knowledge video?

Answer Quantity Percentage

Very important (A1) 914 26,80%
Important (A2) 1561 45,76%
Unimportant (A3) 379 11,11%
Doesn’t matter (A4) 434 12,72%
No answer 123 3,61%

TABLE 8 | Do you look at the description of a video to check the sources from the
video?

Response Number of participants Percentage

Yes 1360 35%
No 2208 57%
N/A 313 8%
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that it is very important, 24% stated that it is important, 35% are
undecided, for 21% it is unimportant and for 13% very unimportant.
The respondents also had the option of not giving an answer to this
question, but only 2.7 percent did so (Table 9).

Quality
The visual quality was seen as much less important to the
respondents than the auditory quality. This can be seen in a
video example, which was downscaled to a very low resolution
and made particularly blurred by filters, a screenshot of which is
shown in Figure 5. 75% of the respondents stated that they would
watch the video to the end anyway. This might be biased due to
the fact that the image showed the presenter of one of the
channels the questionnaire was spread through (Table 10).

When asked about the importance of video and audio quality, the
survey shows that 14% of the people stated, that audio quality wasmore
important to them than the video quality,which canbe seen inFigure 6.

One explanation for this could be the fact that most viewers
use smartphones to watch YouTube videos, where the image size
is pretty small and a lower resolution does not stand out. 50% of
the participants stated that they use their smartphones to watch
educational videos, 35% use their computer and under 10% use a
tablet or a television (Figure 7).

In another question, respondents were asked to sort elements
of a video according to their importance. The result was that real

footage is most important for 40% of the respondents, followed by
animations with 24%. 39% of the respondents sort images of the
speaker to the last place, which is in contrast to the questionnaire
response about the importance of the presenter (Figure 8).

Community Integration
YouTube is a social network website more than it is a video library
(Jones and Cuthrell, 2011). What distinguishes YouTube as a
platform is that there is a lot of interaction between viewers and

TABLE 9 | Scientific degree - How important is it to you that the author/presenter
has a scientific degree? (1 very important-5 very unimportant).

Answer Quantity Percentage

Very important 164 4,94%
805 24,25%
1175 35,40%
714 21,51%

Very unimportant 461 13,89%

FIGURE 5 | Screenshot-video with bad quality.

TABLE 10 | Would you finish watching the video?

Would you finish watching the video?

Answer Number of participants Gross-percentage

Yes (Y) 2934 75.00%
No (N) 607 15.52%
No answer 371 9.48%
Total (gross) 3912 100.00%

FIGURE 6 | Rating the importance of video and audio quality (Ranking
from 1 very important to 5 very unimportant).
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YouTubers. This interaction usually takes place in the form of
comments in the video’s comment section or voting implemented
into videos. These communication mechanisms allow creators to
receive direct feedback from their viewers, and it is common that
this feedback is integrated into future videos.

The survey shows that the audience appreciates community
integration. Almost 50% of the respondents say that it is
important or very important for them that topic suggestions
from the community are implemented. Only 18% state that it is
unimportant to very unimportant to them (Table 11).

56% of the respondents say that they feel very positive about
interacting through voting where the options are predetermined.
While only 7% choose to comment often on YouTube videos,
52% indicate that they rarely do, as can be seen in tables Tables
12, 13.

Presenter
YouTube channels are strongly linked to the people who present
them. YouTubers often have a close relationship with their

community and serve as a role model. They are often referred
to as influencers, a term used in advertising to refer to public
personalities who influence viewers’ behaviors and interests
(Rasmussen, 2018).

In the survey, 49% of the respondents stated that they
sometimes watch videos only because of the person who
presents the video. In contrast, only 29% say they would not
do so. At least 21% chose the center and thus did not commit
themselves in any direction (Table 14).

An important task in the field of contemporary science
education is to get more women interested in natural science.
This raises the question whether the gender of the presenter
plays a role. Most of the interviewees stated in the direct question
that they were uncertain about the relevance of the presenter’
gender.

However, indirect attempts were also made to determine a
tendency. For this purpose, pictures of four people of
different sexes were shown, one old and one young. In
order to limit a bias-based on clothes and expression,
pictures with similar aesthetics were chosen. The pictures
are shown in Figure 9.

78% of the respondents chose person B, i.e. the young man.
In a gender comparison, there is no difference between the

FIGURE 7 | Device for watching educational YouTube videos.

FIGURE 8 | Importance of different visual elements of a video (Ranking from 1 very important - 5 very unimportant).

TABLE 11 | Implementing community suggestions-How important is it to you that
suggestions from the community are implemented? (Ranking from 1 very
important to 5 very unimportant).

Answer Number of participants Gross-percentage

1 (1) 552 14.11%
2 (2) 1398 35.74%
3 (3) 1101 28.14%
4 (4) 444 11.35%
5 (5) 262 6.70%
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responses of the male and female participants, both genders
chose the same person as you can see in Figure 10. This leads
to the questions why person B turned out to be particularly
suitable for most respondents. The parasocial interaction
theory would suggest that this person shows a physical and
social attractiveness to the viewer (Horton and Richard Wohl,
1956).

When asked how important humor and entertainment are
in educational science videos, participants’ answers do not
indicate a clear preference. 35% of the respondents say that this
is important to very important to them. 24% consider humor
and entertainment as unimportant to very unimportant.
Almost 40% do not express an explicit preference,
suggesting that this question warrants further examination
(Table 15).

Topic
YouTube is the second largest search engine in the world after
Google (Davies, 2018). People search for topics they are interested
in or want to find answers to. For this reason, it is logical that
the topics of a video are particularly important to the
respondents. When asked why respondents watch a video,
over 90% of respondents said that they want to learn more
about a topic that interests them. Just 55% stated that they
want to solve a particular problem, such as a math problem,

with the help of a video. This suggests that Youtube videos
have a strong entertainment factor, meaning that no particular
problem needs to be present to create motivation to watch a
video (Table 16).

In a further step, this question was examined again to see
whether the answers given vary with the age of the
respondents. For this purpose, the study participants were
divided into five age groups: 1) under the age of 15, 2) 15–20
years, 3) 20–25 years, 4) 25–30 years and 5) over 30 years of
age (Table 16). As can be seen in Figure 11, there are no
significant differences between the age groups. Only those
under 15 years of age show a pronounced tendency to watch a
video to solve a specific problem. This coincides with the
study of the Council for Cultural Education, which showed
that the use of YouTube for learning at school increases with
age. (Council for Cultural Education, 2019) Among the
respondents over the age of 30, this trend is decreasing
somewhat. This can be explained by the fact that many
people within that age group likely have already completed
their education and therefore no longer need tutoring videos
(Figure 11).

The finding that many of the respondents watch videos on
topics that interest them relates to the question of how much
the respondents know about a topic in advance. For example,
about 26% state they do know much about a topic before
watching a video, while at the same time 10% state the exact
opposite and almost 55% place themselves in the middle
(Table 17). This shows that audience of YouTube videos
are very heterogeneous. Therefore, topics should be covered
in a way that they are understandable and interesting for
beginners and advanced users.

TABLE 14 | Importance of the person-Do you sometimes watch knowledge
videos on a topic just because you like the YouTuber? (Ranking from 1 very
important to 5 very unimportant).

Answer Number of participants Gross-percentage

1 (1) 916 29%
2 (2) 621 20%
3 (3) 671 21%
4 (4) 390 12%
5 (5) 534 17%

FIGURE 9 | Who would you watch a video of?

TABLE 12 | Voting in videos - How do you feel about voting in videos? - (Ranking
from 1 very positive to 5 very annoying).

Answer Number of participants Gross-percentage

1 (1) 1519 38.83%
2 (2) 1122 28.68%
3 (3) 775 19.81%
4 (4) 217 5.55%
5 (5) 113 2.89%

TABLE 13 | Commenting on videos.-Do you comment regularly under Videos?

Answer Number of participants Gross-percentage

Often (A1) 264 6.75%
Rare (A2) 2051 52.43%
Never (A3) 1532 39.16%
No answer 65 1.66%
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Almost 75% of respondents indicate that they continue to
work on a topic after watching a video, as it can be seen in table
Table 18.

DISCUSSION AND CONCLUSION

YouTube is used by many viewers to inform themselves about
scientific content (Allgaier, 2019). This exploratory research shows
that there are clear trends in the perceptions and wishes of viewers of
educational science videos for the leisure sector.

Structure of the Video
As seen in Figure 2, the five most important elements in
educational YouTube videos are connected to the structure of
the video. Nevertheless, there is very little scientific literature that
explains how to structure and style an educational video,
especially for informal science. Some of those elements are
self-explanatory, e.g. 85% of the participants stated that the
topic should be mentioned at the beginning of the video and
80% of the participants stated that a conclusion is important or
very important to them.

The perfect length of a video is between seven to 15 min in
duration, as seen in Figure 4. A likely explanation is that in

videos, information needs to be compressed, to keep the video
interesting. A shorter video, on the other hand, could lead to the
impression, that there is not enough information in the video.

Almost 70% of the participants would like to see a repetition of
facts in the video (Table 6). In a future research, it needs to be
analyzed if repeating facts in videos helps to learn and how often
facts should be repeated.

Quality
Figure 7 shows that 50% of the viewers use smartphones to watch
educational videos. Therefore, the content needs to be designed
for those devices. For example, long texts should be avoided as
they are hard to read on a small screen.

This might be the reason why visual quality is not as relevant
for the participants as audio quality, due to the fact that on a small
device bad video quality has not such a big influence than bad
audio quality has (Figure 6). As shown before the combination of
video and audio helps to manage the cognitive load (Brame,
2016). Therefore, both video and audio quality should be good for
an effective educational video.

As shown in previous research narrated animations perform
better compared to only animations or only auditory
explanations for learning (Mayer and Anderson, 1991;
Mayer and Anderson, 1992). The present study indicates
that most people prefer real footage over animation. In a
ranking where the participants had to rank elements in a
video, 44% ranked real video footage of the topic first and
only 24% placed animations first. This points to a gap in
research which is often focused on institutional learning
and not on the leisure sector (Figure 12).

Presenter
Welbourne and Grant showed in a study that seeing the same
presenter in every video will make science videos more popular
(Welbourne and Grant, 2016). This research confirmed those

FIGURE 10 | From which person would you spontaneously watch a video?

TABLE 15 |Humor and entertainment - How important is humor/entertainment for
knowledge videos to you? (Ranking from 1 very important to 5 very
unimportant).

Answer Number of participants Gross-percentage

1 (1) 229 5.85%
2 (2) 1147 29.32%
3 (3) 1539 39.34%
4 (4) 778 19.89%
5 (5) 183 4.68%
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results. 49% of the viewers stated that they would watch a
YouTube video just because of the presenter (Table 14). In
future research, it should be investigated if the connection with
the presenter makes a difference in learning growth and
motivation of the viewer. Research by Horton and Wohl

has shown that social and physical attractiveness are factors
that can help to foster a viewer-presenter relationship (Horton
and Richard Wohl, 1956). A third of participants said that
humor is important or very important for them. Using humor
could be a chance to foster the relationship with the audience

FIGURE 11 | Reason for video selection by age. 1 (under 15 years), 2 (15-20 years), 3 (20-25 years), 4 (25-30 years), 5 (over 30 years).

FIGURE 12 | The relative importance of the video elements animation, video footage and video of the presenter (selection) (Ranking from 1 highest to 5 lowest
importance).

TABLE 16 | Reason for choosing a video - I watch knowledge videos to...

Answer Number of participants Gross-percentage

Solving a problem (math tutorial, removing stains from the carpet, ...) (sq001) 2173 55.55%
Learn more about a topic that interests me (SQ002) 3589 91.74%
To switch off and be entertained (SQ003) 1951 49.87%
To inspire me for my own projects (SQ004) 1340 34.25%
New topics to discover (SQ005) 2316 59.20%
Miscellaneous 101 2.58%
Total(gross) 11470 100.00%
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by improving the social attractiveness. Studies (Walter, 1990)
have shown, that humor helps to learn. Additionally,
answering comments in the comment section of YouTube
videos and reacting to suggestions and comments in videos
can foster the parasocial relationship, as Kim et al. showed in a
study where they investigated the influence of social media
platforms in the relationship of users and celebrities (Kim
et al., 2015).

Community Integration
On online platforms like YouTube there is no need for only
parasocial interaction, because through chat and voting there
can be a limited version of real interaction between the viewer
and the presenter. This study showed that some form of
integration of the community is important for the
participants. This could be voting, commenting or the
implementation of topics suggested from the community
into the videos. Previous research showed that the comment
function on YouTube is an important feature for users to
exchange on a topic and help enhance learning through
collaborative interactions (Dubovi and Tabak, 2020).

Reliability
Allgaier showed that reliability is a problemwith YouTube videos,
because the platform hosts videos that support conspiracy
theories and fake news, which reach many users with this
content (Allgaier, 2019). Additionally, concerns about fake
news in science communication grow, which could lead to
mistrust among viewers (Scheufele and Krause, 2019). 70% of
the participants stated that it is important to very important for
them that sources are mentioned in the video (Table 7). This
study suggests that few users really check the sources of the
channels they watch. This could lead to the risk that video makers
might feign reliability by simply providing a list of sources,
regardless of their accuracy. If popular YouTubers consistently
make their sources transparent, YouTube users will probably start

to expect this from all science-related YouTube videos. In the
future, an automated algorithm could check if the provided
sources, video content and trusted information sources match
in order to mark the videos as trustworthy.

As a content creator, having an academic background in the
treated topic or integrating experts’ opinions in the subject could
also help increase reliability. 29% of the participants say that it is
important to very important for them that the host has a scientific
background and 41% stated that it is important to very important
for them that an expert is interviewed in the video (Table 9;
Figure 3). This shows that viewers are looking for trustful sources
to gain information. Also, when asked which way an expert
should be included into a video 71% stated positive about a
summary of the information provided from the experts by the
presenter, which is 18% more than a whole interview with the
expert and 15% more than a quote from the expert (Table 19).

Topic
92% of the people watch an educational YouTube video to learn
more about a topic they already know about and in comparison,
only 59% answered that they want to explore new topics. This
shows that it is harder to get people interested in a totally new
topic (Table 16).

But also 75% stated that they continue to inform themselves
about a topic after watching the video (Table 18). If they really do,

FIGURE 13 | Why do viewers watch an educational YouTube video?

TABLE 17 | Previous knowledge of the audience of knowledge videos - How
much do you know about the topic before watching a video? (Ranking from 1
very much to 5 very little).

Answer Number of participants Gross-percentage

1 (1) 65 1.66%
2 (2) 1029 26.30%
3 (3) 2154 55.06%
4 (4) 410 10.48%
5 (5) 54 1.38%
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this would be a very positive characteristic of YouTube videos, as
they seem to ensure that people get interested in scientific topics and
engage with themmore intensively. But it is hard to say if they really
do. Therefore, videos would represent a great potential for school

lessons. It should be further investigated which conclusions can be
transferred from the production process of YouTube videos to the
planning and execution of school lessons, in order to make lessons
more interesting for students, thus motivating them to deal with the
topics outside of the lessons.

TABLE 18 | Exploring a video topic further-Do you explore a topic further after
watching a video?

Answer Number of participants Gross-percentage

Yes (Y) 2907 74.31%
No (N) 628 16.05%
No answer 377 9.64%
Total(gross) 3912 100.00%

TABLE 19 | How do you think an expert should be included in the video? (multiple
picks possible).

Response Number of participants Percentage

Interview 2064 53%
Summary 2774 71%
Quote 2164 56%

FIGURE 14 | Catalogue with 17 rules for a good educational YouTube video.
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Clickbait means that a title promises something and raises
expectations that are not fulfilled in the video. 69% stated that
clickbait on YouTube is annoying or very annoying and only 4%
stated that it is not annoying at all (Figure 13).

Over two thirds of the participants mind clickbait on YouTube
much or very much. Clickbait is used to get more people to click on
content by raising expectations. At the same time, a study by Linus
Wilson from 2019 showed that the click rate, i.e. the percentage of
users who click on a video on YouTube, has an extremely high effect
on the performance of a video. Clickbait can therefore increase the
click rate, but the problem is that users are very disturbed by this
content and this can have negative consequences on the bond with
the presenter or channel. For this reason, clickbait should be avoided
and at the same time an attempt should be made to describe out the
actual content of the video as excitingly as possible through titles and
thumbnails, so that the click rate goes upwithout it being clickbait. A
further study should investigate how this can be achieved.

Further Limitations
Since this study specifically examined users who regularly watch
educational videos in their free time, future research could
explore whether the criteria developed also apply to an
audience that normally has no or little relation to scientific
content. In this context, it would be interesting if institutional
educational videos and regular school classes could be improved
with the rules of the catalogue.

Also, a limitation is that maybe the people who took part in the
questionnaire are different to the regular viewers, who may not
have the time to participate.

Overall, this study provides initial insights into what makes a
successful educational science YouTube video for the leisure
sector. In-depth studies should examine whether these effects
also apply to a different audience.

Checklist for Educational Video Production
Even if the production of YouTube videos is a very complex
process that is highly based upon the intuition of the creators,

there are rules that can help make a successful educational
YouTube video. The results of the survey should have a
practical use and help science and educational YouTubers to
optimize their videos. For this reason, the most important
findings are recorded in a catalogue with 17 rules that can
help in the creation of educational videos on YouTube for the
leisure sector (Figure 14).

These rules alone will not guarantee success on YouTube, but
they can be a guideline for the creation of videos. The catalogue is
based on statements from users who regularly and voluntarily
watch educational science videos on YouTube. It should help
improve informal learning with videos, but also may it help to see
new ways on how to improve learning in schools or other
institutional contexts, ideally to make education more
entertaining, motivational and successful.
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Science videos on YouTube attract millions of viewers each month, but little is known about
who the content producers are, how they work and what their motivations and qualifications
are. Here, we analyze the characteristics of 622 French YouTube science channels and 70,795
science videos in French, and complement this analysiswith a survey of 180of these youtubers.
We focus on three questions: who are the science communicators (sociodemographics,
resources, and goals), what are the characteristics of their channels, and are there differences
between institutional and non-institutional communicators. We show that French science
communicators on YouTube are mostly young men, highly qualified and usually talking about
their topic of expertize. Many of them do not earn enough money to make a living out of this
activity and have to use personal money to run their channels. At the same time, many are not
interested inmaking this activity their main source of income. Their main goal is to share science
and stimulate curiosity, as opposed to teach and entertain. While a small number of channels
account for most of the views and subscribers, together they are able to cover a lot of
scientific disciplines, with individuals usually focusing on a couple of fields and institutions
talking about more diverse subjects. Institutions seem to have less success on YouTube
than individuals, a result visible both in the number of subscribers and engagement
received in videos (likes and comments). We discuss the potential factors behind this
discrepancy, such as the lack of personality of institutional channels, the high number of
topics they cover or the fact that institutions usually have an additional goal compared to
individuals: to present and promote the institution itself. A video version of this article has
been recorded and made available here: https://stephanedebove.net/youtube

Keywords: science, youtube, communication, institution, popularization

INTRODUCTION: YOUTUBE AND SCIENCE COMMUNICATION
RESEARCH

YouTube is the second biggest website behind the Google search engine according to the Alexa
ranking (Alexa.com, 2020). But YouTube is much more than a “website”: it is a main driver of
participatory culture allowing diverse types of communicators to produce diverse types of video
content for diverse types of users (Burgess and Green, 2018); it is a “key element” in digital culture
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(Kavoori, 2011, p. 3); and it is one of the most relevant
communication channels (Snickars and Vonderau, 2009).

It comes as no surprise that the fields of science and
environmental communication have realized the relevance of
YouTube (Allgaier, 2019). The topic of science has long been
a considerable part of YouTube’s content (Yang and Qian, 2011;
León and Bourk, 2018a), and thousands of science-related videos
are available in the present day (Allgaier, 2020). Accordingly,
Erviti and Léon (2016) conclude that “Science & Technology” is a
popular topic on YouTube. The video platform is also one of the
public’s most important sources for scientific content, as shown
in surveys for countries like France, Germany, and Switzerland
(Lecture Jeunesse, 2020; Schäfer et al., 2018; Wissenschaft im
Dialog, 2018). YouTube’s relevance is even higher among
younger people and, therefore, likely to increase over time
(Hargittai et al., 2018; Metag et al., 2018).

Nonetheless, science communication research on YouTube is
still in its infancy (León and Bourk, 2018b; Allgaier, 2020). A few
studies have looked at users’ information seeking behavior
(Rosenthal, 2018) and at the effects of science-related
YouTube content on users (Reif et al., 2020). Most studies
analyze video content on controversial, socioscientific issues,
such as climate change (Shapiro and Park, 2015; Allgaier,
2019), fracking (Jaspal et al., 2014), and health (Keelan et al.,
2007; Yang and Qian, 2011; Harris et al., 2014). They also analyze
information accuracy, formal aspects including video-editing
(Muñoz Morcillo et al., 2016), content characteristics (Muñoz
Morcillo et al., 2019), and factors that predict video success
(Welbourne and Grant, 2016; Velho et al., 2020). Almost all of
these studies look at content in English and therefore miss out on
different cultures and regions (Allgaier, 2020).

When it comes to the content communicators, i.e., the science
communicators themselves and their resources, intentions and
motivations, then large quantitative studies are lacking (Muñoz
Morcillo et al., 2019; Allgaier, 2020). As Muñoz Morcillo et al.
(2019, p.3) put it, research on the YouTube production context
“focuses on a scientific topic, on a small amount of data, or is
limited to a qualitative level, where results cannot be generalized”.
Qualitative studies have indicated that there are differences
between various types of communicators. Welbourne and
Grant (2016) compared science-related YouTube videos
between media corporations and amateur content producers.
They were able to show that amateurs posted fewer videos but
had more subscribers and video views, indicating that the
presumed gap in resources did not hinder amateurs’ success.
Somewhat contradicting this finding is another study by Erviti
and Stengler (2016) who interviewed five “major content
providers” behind the most successful science channels in the
United Kingdom and concluded that individual YouTubers
might not be able to compete with professional institutions
such as the BBC. Furthermore, a study not only showed that
there were fewer female communicators on popular science-
related channels, but that they were exposed to more hostile
and sexist user comments (Amarasekara and Grant, 2019).

Another finding is the simple but important acknowledgment
that different communicators follow different goals when using
YouTube. Goals such as archiving and documenting (academic)

work have been observed as a common usage of YouTube for
certain scientists (Bischof and Both, 2015), which starkly differs
from goals like science outreach and user engagement (M. C.
Erviti and Stengler, 2016). When looking at institutional science
communicators, it seems that universities’ content has primarily
been analyzed because they are known to use YouTube to
promote themselves mainly (Pham et al., 2017; Mwenda et al.,
2019).

Recently, two studies started filling the quantitative research
gap on content communicators on YouTube. Muñoz Morcillo
et al. (2019) relied on video content and complemented it with
publicly available channel information to analyze the science
video producers’ gender, age and professionalism. Their sample
consisted of the 190 most popular channels in multiple languages
across 76 countries in YouTube’s “Science and Education”
category. They found that three quarters of producers were
male, many of them between 26 and 35 years of age and that
only 14% of channels managed to post more than one video per
week while still adhering to high quality standards in terms of
resolution and sound quality. While this study somewhat started
to overcome the limitation of focusing only on content in English
and analyzed content communicators on a larger scale, it was
limited to popular channels, did not differentiate between
channel languages, and still had to infer all of its insights from
video content and channel information.

Velho et al. (2020) on the contrary provided direct insights
about 26 science communicators of a Brazilian alliance of
YouTube channels. Similar to Muñoz Morcillo et al. (2019),
they showed that most communicators were highly educated
men aged 18 to 35 with expertize in the natural sciences. These
communicators indicated that they were struggling with not
having enough resources to frequently produce content, not
being able to live off YouTube generated income, and trying
to optimize their production process in light of the opaque
YouTube recommendation algorithm. As a result, many of
them have to rely on crowdfunding to keep their channels
alive. Although this study focused on a smaller sample, it was
able to provide some first quantitative and direct insights into
science content communicators on YouTube beyond the english-
speaking world.

This lack of large-scale direct insights on science
communicators on YouTube should be remedied for at least
two reasons. First, there are numerous types of successful science
communicators on YouTube. On French-speaking YouTube
alone, large subscriber bases were built by very different
actors: scientists like “Science étonnante” (ca. 950,000
subscribers), science enthusiasts like “Dr. Nozman”
(3,600,000), science journalists like “Science de comptoir”
(21,000), and scientific institutions like “Inserm” (160,000).
Second, YouTubers are part of the current reconfiguration of
the science communication ecosystem. A pluralization of science
communicators including not only established science journalists
but also individuals like bloggers and citizen journalists as well as
institutional communicators has been taking place online
(Schäfer, 2017b). Yet, there is still a lot more research
available on science journalists, the “traditional” intermediaries
between science and society. Studies have analyzed science
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journalists’ sociodemographics, their vocational skills,
motivations and resources (Berg, 2018; Dunwoody, 2019).
Large studies in Germany and Switzerland, as well as a smaller
one in France, show that science journalists are usually highly
educated and want to inform and explain rather than to be a
watchdog (Marcotte and Sauvageau, 2006; Kristiansen et al.,
2016; Berg, 2018). Research also shows that science journalism
is in a “crisis” of shrinking resources because fewer and fewer
media houses invest in specialized science journalism (Schäfer,
2017b). This raises the question of whether such diagnoses
regarding the “traditional” intermediaries translate to the
science communicators on YouTube.

When it comes to institutions in particular, a prevailing notion
is that they are not overly interested in communicating on social
media in general (Schäfer, 2017a). However, the presence of
institutional science communicators has not only been studied
by recent analyses of YouTube, it has also been observed more
generally in science communication online: communication
departments of large scientific institutions have more and
more resources available and they use them to communicate
on various channels (Hauser, 2020). Public relations texts are a
successful way of getting into these news media and their content
often directly competes with editorial content by science
journalists (Vogler and Schäfer, 2020). This finding also seems
to apply to YouTube, where a study found that videos posted by
universities mostly aim at portraying the institution in a good
light (Chen and Burns Gilchrist, 2013). The only study we know
of that quantitatively compared between individuals and
institutions on YouTube is the one previously mentioned by
Muñoz Morcillo et al. (2019). The authors defined organizations
as producers that consist of two or more people and found that
almost three quarters of the 190 channels in their sample
belonged to such organizations. After they had tentatively
classified 46 of these organizations as “non-profit”, they were
able to report that almost half of them were universities.

To summarize, quantitative studies looking at science
communicators on YouTube are scarce, they often rely on
indirect evidence through channel and content analyses, and
they often use samples restricted to the most popular
channels. The present study tries to address these problems by
working with a representative sample of 622 French science
communicators on YouTube, analyzing them directly through
an online survey and providing additional insights on their
channels’ characteristics (number of subscribers, number of
views, creation date, publication frequency, topics addressed,
video format, audience demographics and audience
engagement, hereinafter referred to simply as
“characteristics”), while looking at the differences between
individuals and institutions, a perspective commonly
encountered in the closely related literature on science
journalism.

Hence, our article will be structured around three research
questions:

RQ1:Who are the science communicators on YouTube?What
are their sociodemographics, resources, and goals?

RQ2: What are the characteristics of the science
communicators’ YouTube channels?

RQ3: What are the main differences between individual and
institutional science communicators on YouTube?

METHODS

Sample Construction
Generating a complete list of science channels represents a
challenge for two reasons: it is a well-known problem in
philosophy of science that there is no agreed-upon definition
of science (Andersen and Hepburn, 2016), and there is no
comprehensive resource listing YouTube channels (Allgaier,
2016). We constructed our sample in three phases: first, we
openly gathered the largest possible list of “educational”,
“cultural” or “scientific” channels without any definitory
restrictions; second, we generated a list of disciplines we
considered as “scientific” in the context of this analysis; third,
three of the four authors independently classified each of these
channels as “scientific” or not, depending on this list of
“scientific” disciplines.

The first step was to gather a comprehensive list of French
YouTube channels that are loosely connected to science
communication. Previous studies have used both narrow and
broad definitions of “science communicators”, focusing on
professionals only (e.g., Casini and Neresini, 2013) or
including scientists also (e.g., Baram-Tsabari and Lewenstein,
2017). When it comes to Youtube, websites providing analytics
such as SocialBlade have been used in the past (Welbourne and
Grant, 2016), but these websites are mostly referencing high-
popularity channels, hence overlooking smaller channels and
providing an incomplete representation of the YouTube
landscape. We use a broad understanding of “science
communicators” by defining them as actors that publicly
communicate about “scientific” topics. This means that
different actors like scientists, science journalists, professional
science communicators and individuals of other backgrounds
were considered “science communicators” as long as they spoke
about scientific topics on YouTube (what we considered
“scientific” is addressed below).

We decided to focus on French channels as it is easier to build
a comprehensive list in this language due to the more limited
numbers compared to English-speaking channels. We gathered
channels from a wide array of sources (online, social,
institutional, and personal) for our sample to be as
representative as possible of the French landscape. First, we
included five online directories of French YouTube channels
related to science communication in September 2018 (Café des
sciences, 2018; La Vidéothèque d’Alexandrie, 2018; Les
Internettes, 2018; Mediapason, 2018; Yex.tv, 2018).
Membership to some of these directories is self-administered,
thus limiting the skew toward popular channels. For “Les
internettes”, we kept only channels that they categorized as
Literature, Culture, Art, Science, History, Cinema, Law,
Politics, Society. For Yex.Tv, we kept only channels found in
the categories Education, Science, or Culture. Second, we broadly
communicated and advertised our goal of constructing and
accumulating such a list on various social networks to allow
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small channel communicators to add themselves to this list.
Adding this effort resulted in a list of 2,540 channels. Third,
we ensured that the list was complete in terms of institutional
channels, a key aspect to answer our third research question. We
defined institutions as established science-related organizations
(e.g., universities, research institutions, science outreach
organisations), public or private, that exist independently of
the existence of any associated YouTube channel. Neither the
number of people employed by the institution nor the number of
people running the YouTube channel are considered in this
definition. For instance, large groups of content creators that
were created for the sole purpose of making videos were not
considered as institutions. Conversely, a single individual
running an institution’s YouTube channel is still considered
an institution. In practice, we compiled our list by combining
three directories of French scientific institutions: research
institutes provided by the French government (Ministère de
l’Enseignement supérieur, de la Recherche, et de l’Innovation,
2020), science outreach organizations that were members of a
French network for the dissemination of scientific, technical and
industrial culture (AMCSTI, 2020), and French universities and
higher education schools (Wikipedia.org, 2020). Combining the
three cited directories resulted in a list of 372 institutions, for
which a manual YouTube search discovered 280 YouTube
channels (i.e., 75% of institutions in our sample have a
YouTube channel) (Supplementary Information,
Supplementary Table S1). Finally, two of the authors of this
paper are themselves French science communicators on YouTube
and were able to fill any additional gaps in the list.

The second step was to operationalize our understanding of
“scientific” channels. We defined any channel as scientific if its
channel description covered at least one scientific discipline
among a pre-established list. To establish such a list of
scientific disciplines, we compiled a list of the 254 disciplines
listed in the widely usedWeb of science database (Web of Science
Core Collection Help, 2020). Related disciplines which could be
clearly attributed to broader disciplines were merged (e.g., “Cell
biology” and “Ornithology” were merged as “Biology”), resulting
in a diverse list of 31 disciplines ranging from Anthropology
through History, to Mathematics and Art (Supplementary Table
S2). Out of these 31 disciplines, we decided to exclude four that
are not part of the classical scientific path in France: Architecture,
Art, Literature, and Languages. We also built a list of
“educational” disciplines not usually taught at the university
but often found on YouTube (last column in Supplementary
Table S2). Out of these, we kept only skepticism, because its
emphasis on the promotion of “critical thinking” and the
scientific method makes it an important part of the YouTube
scientific ecosystem. In the end, 28 scientific disciplines of interest
for our study were thus identified (see Supplementary Table S2).

In a third and last step, we cleaned our list of individual
channels to remove those not related to our list of accepted
scientific disciplines. Based on the description and title of each
individual channel, three raters (all of them co-authors)
independently decided if each channel’s focus could be
considered as dealing with one of the disciplines from our list.
Channels receiving at least 2 out of 3 positive answers were kept

to constitute our final sample of 372 non-institutional channels,
regardless of their scientific intentions (science outreach, lectures,
courses, etc.) or format (e.g., using talking-head or animations).
Agreement was good among raters, with an ICC of 0.774.
Channels with an empty description were removed. As this
step certainly introduces some level of bias, we provide the full
list of Youtube channels so that other definitions of “scientific”
disciplines can be applied to re-run our analysis (Masselot, 2020).

After merging the institutional and individual channels,
removing channels with no videos published (5) and removing
duplicates (aggregation websites list both institutional and
individual channels), the list ended up with 622 channels, 276
(44%) of them being institutional ones (Supplementary Table S1).

YouTube Channel Data
We gathered Youtube data from our list of science channels in
July 2020. A Python script was used to collect information about
each channel and each video published by each channel (70,795
videos in total). Only publicly available data was gathered. For
channels, we recorded their creation date, number of subscribers,
number of views (across all videos), and number of published
videos. For each video, we gathered its title, description, date of
publication, view count, like count, dislike count, and comment
count at the time of extraction.

Survey of Science Communicators on
YouTube
To distribute our survey, we used email addresses which were
provided to us by the communicators themselves or that were
found in their channel description. When we could not find any
email address, we also tried to use social networks to reach the
communicators. In the end, we were able to send the survey to
93% of the communicators in our sample, with a reminder one
month later. 29% of the contacted channels answered our survey,
with a strong difference between institutions (14%) and
individuals (41%). Our final survey sample size was thus of
180 respondents (including 39 institutional channels). Most
questions were non-mandatory, hence explaining the different
sample sizes in the results below.

The survey was run onGoogle Forms, andwas composed of four
parts. The first part identified the respondent as an institution or
an individual. The second part was dependent on the first part, and
asked questions specific to institutions (how many employees are
working on the channel, whether the channel is a communication
priority for the institution. . .) or individuals (age, degree, job. . .).
The third and fourth parts were common to all respondents and
asked questions about the channel’s characteristics (target audience,
number of subscribers, topic. . .) and its financial situation,
respectively. All questions asked can be found in the
Supplementary Information, with an english translation.

RESULTS

RQ1: Who are the science communicators on YouTube? What
are their sociodemographics, resources, and goals?
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Sociodemographics
Individual communicators tend to be young adults (M �
32.88 years old, SD � 10.42, n � 141), predominantly male
(82% male, 15% female, 3% other, Figure 1A), and highly
educated, with 69% of them having at least a Master’s degree
(Figure 1B). They take advantage of their degrees in their science
communication practice as an average of 57% of them
communicate about scientific topics that are directly related to
their field of expertize (Figure 1B). This is particularly true for
communicators with aMaster’s and PhD degree, among which 67
and 77% respectively have direct expertize in their channel’s
subject.

Individual communicators are mostly employed (56%) or self-
employed (37%), and 14% of them are still studying (Figure 1C,
mutually non exclusive categories). 87% of them did not have a
formal training in video making before creating their channels
and classified themselves as self-taught (Figure 1D). This
percentage drops to 54% for people managing institutional
channels, while 85% of them report having been trained in
scientific communication or outreach.

Resources
Half of the channels in our full sample are managed by a single
person, and an additional 29% of communicators generally work
alone but occasionally invite a co-worker (Figure 1E). 97% of
people managing institutional channels do not do work on the
channel as a full-time job. The specific percentage of time allocated
to this activity is generally low but varies widely (M � 19.06%, SD �
21.55, n � 38, Figure 1F). Only 3 institutions out of 38 declare
“allocating a full-time job to the management of the YouTube
channel, but the job is done by different employees”.

Most institutional channels are funded by the corresponding
institutions, sometimes helped by grants, and none of them have a
positive balance through this activity (Supplementary Figure
S1). Among individuals, most of them also have a negative (50%)
or neutral (17%) financial balance, without even considering the
time they spend working on the videos (Figure 2A). They
generally use personal sources of income to cover the
channel’s expenses (79%) (Figure 2B). Donations or
crowdfunding (43%) and advertisement (34%) also represent a
commonly mentioned source of income. This does not mean that

FIGURE 1 | Portrait of French science communicators on YouTube. (A) Gender representation of individual content creators. (B) Highest degree obtained by the
individual communicators, stratified by whether the topic of the degree relates to the topic of the channel (C) Professional category of individual content creators.
Categories are mutually non exclusive. PhD students are classified as employees. (D) Proportion of individual communicators with a formal video making education, prior
or posterior to their channel’s creation. (E)Number of people regularly working on the channel. ∼1: one person sometimes getting help from another person. (F) For
institutions only, percentage of time the employees devote to the channel. ∼100: multiple people devote the equivalent of a full-time job together.
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doing science communication on YouTube is a profitable activity:
only 12% of communicators report earning more than 1,000€ per
month and per person involved, while on the other hand 44% of
them report having no revenue at all (Figure 2C). Among
individual creators who have had a positive income balance
since the creation of their channel, only 22% declare having
enough to make a living (non-mandatory question, n � 56
individuals decided to answer).

Interestingly, only 14% of content communicators who do not
receive their main source of income from their channel would like
this to be the case (Supplementary Figure S2); 29% would
appreciate if it could be a secondary source of income, 19%
just want to have a neutral balance, and 38% are not interested at
all in earning money through their channel.

Goals
Across both institutional and individual channels, 91% of the
communicators see their activity as “science popularization”
(transmitting scientific content), and only 33% “teaching”
(transmitting precise and detailed content). 68% also think their
job is to stimulate curiosity, and only 31% to provide entertainment.

98% of communicators report that their channel’s content is
(not necessarily exclusively) targeted at adults, while 66% target
teenagers, and fewer target children (15%). An additional 34%
also report their content being targeted at people with expertize in
the content’s subject. In practice, targeting a particular age group
does not seem to make a difference in the actual audience
(Supplementary Figure S3). The audience is mostly young
people (37% between 25 and 34 years of age and 30% between
18–24, Supplementary Table S4). Communicators report that
their audience does not contain many women according to their
channel’s YouTube statistics (M � 19.26%, SD � 17.36, n � 149).
Hence, the gender and age of the general audience are close to
those of the individual video makers themselves (Supplementary
Table S4).

54% of the institutions declare having a YouTube channel for
both communicating about science and promoting the
institution, 31% only for communicating about science and 5%
only for promoting the institution (Supplementary Figure S4A).
20% of them consider publishing videos as a high or rather high
priority in their communication strategy and 41% a low or rather
low priority (Mdn � 3, n � 39, on a scale from 1 to 5, 1 � low

FIGURE 2 | Financial situation of channels managed by individual communicators. (A) Overall channel balance (i.e., whether the channel made its owner earn
money or lose money overall since its creation). (B) Percentage of individual communicators reporting a specific income source (C)Monthly income (in euros) divided by
the number of people working on the channel.
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priority, 5 � high priority, Supplementary Figure S4B). At the
same time, only 11% of them declare being rather satisfied or very
satisfied with the current state of their channel (Mdn � 2, 1 � not
satisfied at all, 5 � very satisfied), and 23% of them even declare
being “not satisfied at all” (Supplementary Figure S4C). On the
other hand, 51% of the institutions noticedmany positive impacts
or feedback linked to their channel (answer 4 or 5 to the
corresponding question, Supplementary Figure S4D). 67% of
institutions declare the creation of the channel generated no
reluctance at all inside the institution (Supplementary Figure
S4E). Furthermore, there seems to be no association between the
creation date of a channel and the reluctance it generated
(Supplementary Figure S5).

Across all communicators, only 1 out of 172 declares the
YouTube ecosystem to be “very meritocratic” (i.e., that there is a
good correlation between the quality of a channel and its number of
subscribers, and that small channels of good quality will end up
being rewarded), while 18% declare it to be “not meritocratic at all”
(Mdn � 2, n � 172, 1 � not meritocratic at all, 5 � very meritocratic).
A large number of them (39%) thinks they moderately deserve their
number of subscribers (which couldmean being either too big or too
low, mdn � 3, n � 175, 1 � not at all, 5 � completely deserve), and
78% think it is important or very important that big channels give
more visibility to smaller qualitative channels (Mdn � 4, n � 179, 1 �
No, it’s not their role 5 � Yes, it’s part of their role).

The goals of the content creators in our sample are thus rather
diverse. Some of them want to earn a living from this activity while
others are not even looking for a neutral financial balance. Some
want to reach children while others are targeting specialists of their
field. Even among institutions, some use their channels to promote
their structure whereas others focus on science promotion only.
Despite this diversity, 90% of our sample declare being happy with
their science communication activity on YouTube.

RQ2: What are the characteristics of the science
communicators’ YouTube channels?

Channel Description
Most of the channels were created after 2010, with a notable
difference between institutional and individual ones (Figure 3).
The former were generally created earlier (2011–2014) than the
latter (2014–2017). Institutions publish more videos per year (M �
23.35 videos, SD � 23.60) than non-institutions (M � 13.21 videos,
SD � 15.77). This result is observed in both the survey and the
YouTube data (Figure 4).

All 28 scientific fields we identified are covered by both
institutional and individual channels with an important
discrepancy between the two (Figure 5). For individuals (n �
141), the three most prevalent topics are History (30%), Physics
(21%) and Biology (20%), whereas for institutions (n � 39) they
are Environment (49%), Mathematics (46%) and Biology (44%).
The average number of scientific fields covered by a channel is
much higher for institutions (M � 7.28 fields, SD � 6.98, n � 39)
than individuals (M � 2.82 fields, SD � 2.56, n � 141).

Institutions report using “talking-head as their main format”
more often (59%) than individuals (39%) but they are also more
prone to use animation as their main format (15% for
institutional channels against 3% for individual channels,
Supplementary Figure S6). Individuals, on the other hand,
indicate that they “sometimes” use talking-head (50%) and
animations (64%), showing that they might be more prone to
mixing approaches.

Channel Performance
Channels managed by individuals have more subscribers than
institutional ones (Figure 6A), with only 2% of institutional
channels having above 100,000 subscribers, and none above 1

FIGURE 3 | Distribution of the date of creation of channels.
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million (compared to 18 and 2% respectively for individuals).
Institutions also gather fewer views across all videos. Both views
and subscriber variables exhibit typical heavy-tailed repartition,
and logarithmic scales suggest that the lognormal distribution
may reasonably describe their distribution: the majority of
channels are gathered around modal values of about 1,000
subscribers and 175,000 total views (across all videos) for

institutions, and 5,000 subscribers and 130,000 views for
individuals. Subscribers and views are very unequally
distributed, with a small number of channels concentrating
most of the views and subscribers (Figure 6B). Gini
coefficients calculated on the number of subscribers confirm
the strong inequalities among both individuals (G � 0.82) and
institutions (G � 0.89). The maximum number of subscribers for

FIGURE 4 | Publication frequency computed from YouTube data (top) and reported in the survey (bottom).

FIGURE 5 | Proportion of channels treating each scientific discipline.
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a French scientific channel as of July 2020 is 3,640,000
(Figure 6C).

For a given number of subscribers, institutions are likely to get
more views than individuals (Figure 7A) but there is more
variation in the number of views per subscriptions for the
former (Figure 7B). The logarithmic scale on Figure 7A also
shows that themore subscribers a channel has, the more views per
subscribers it will have: the association between number of
subscribers and number of views is linear with a slope of
1.085 for individuals and 0.975 for institutions. This
correlational data implies that for individuals, multiplying the
number of subscribers by 10 multiplies the number of views by

more than 10, precisely 101.085 ≈ 12.2. For institutions, it will be
multiplied by 9.4.

Although institutional channels have more views per
subscriber, they fail to engage their audience as well as
individual channels. All indicators we recorded (ratio likes/
views, likes/dislikes and comments/views) are lower for
institutional channels than for individual ones (Figure 8). For
example, institutional videos very rarely reach a likes/views ratio
above 0.05, whereas it is not uncommon to obtain such a level of
engagement on individual channels (36% in our sample,
Figure 8A). For individuals, the ratio likes/views slightly
increases as the number of subscribers decreases, whereas the

FIGURE 6 | Representations of the numbers of subscribers and subscribers inequalities. (A) Histogram of the number of subscribers (log10), (B) Lorenz curve
describing the inequalities in subscribers. (C) and (D)Circle representation of the variation in the number of subscribers among channels. Circle size is proportional to the
number of subscribers.
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FIGURE 7 | Relationship between views and subscribers. (A) Relationship between number of views across all videos and number of subscribers (log10), (B)
Distribution of mean view number by video normalized by the number of subscribers of the channel.

FIGURE 8 | Differences of viewer engagement between channels run by institutions and individuals. (A) Distribution of the number of likes per view (B) Distribution
of the ratio of likes vs dislikes (C) Distribution of the number of comments posted per view.
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trend is opposite for institutions (Supplementary Figure S7).
Institutional channels also receive fewer comments per view than
individual channels (Figure 8C).

DISCUSSION

Our results provide a number of noteworthy insights regarding
the sociodemographics, resources and goals of science
communicators (RQ1), the characteristics and performance of
their channels (RQ2), and the differences between individual and
institutional science communicators (RQ3).

One of the most pronounced findings is that individual science
communicators on YouTube are mostly male, young, and highly
educated. The first aspect had already been noted before
(Amarasekara and Grant, 2019; Muñoz Morcillo et al., 2019;
Velho et al., 2020). It is noteworthy that this young and male
profile of the communicators matches that of their audiences. It is
unclear if this match is due to a general homophily of audiences
or because the science communicators themselves were once part
of the same audience (Lecture Jeunesse, 2020). Our study is the
first one to reliably show the high level of education that
individual science communicators have on French YouTube.
For reference, 23% of the French population has at least a
bachelor’s degree (Insee, 2019), compared to 78% in our
survey sample (and 25% holding a PhD). This shows a
similarity between science communicators on YouTube and
traditional science journalists, which are known to also hold
advanced degrees in France (Marcotte and Sauvageau, 2006) and
neighboring countries (Kristiansen et al., 2016; Berg, 2018).
Overall, science communicators on YouTube are primarily
scientists, students or ex-students of scientific fields who
happen to use videos as a medium to communicate, rather
than audiovisual professionals who happen to talk about
science. Even the people in charge of institutional YouTube
channels are more trained in scientific communication or
outreach than they are in video making.

By and large, individual and institutional science
communicators have similar goals and treat their channels as
a side-project. Results on individual communicators showed that
communicating science on YouTube is a solitary hobby, as
suggested by the fact that 79% of these communicators work
alone most of the time and that most communicators have a main
job other than making YouTube videos. Only about a third of
them use their channel for teaching or entertainment purposes,
while most of them focus on popularizing science and stimulating
curiosity. Not only are most communicators highly qualified, but
they primarily talk about scientific topics in their field of
expertize, indicating a potential high quality of transmitted
information. Regarding institutional communicators, most
channels were set up without much resistance within the
institution and are often focused on doing actual science
communication, often combined with promoting the
institution. Running their channel, however, is mostly a
moderate priority, again indicating side-project quality.

Running a YouTube channel is rarely a profitable activity for
both individual and institutional communicators. More than 50%

of individual communicators do not want to make money with
their channel or just want to break even. This makes sense when
considering how difficult it is to earn money from a science
YouTube channel: most individual communicators report
owning a channel with an overall negative income balance,
with only a low number of channels earning more than 1,000€
per month. This result is highly dependent on our survey sample
though: if only small channels accepted to answer our survey, they
might say they do not want to earn money because they know
they realistically cannot, and not because they would not like it.
Nonetheless, our survey sample contains both small and large
channels, and the Youtube data shows that 50% of science
channels have less than 3,000 subscribers – an amount too
low for any channel to be a consistent income source. The
picture is very similar for institutional science communicators.
Running the YouTube channel is funded through the institution’s
budget and the overall financial balance of their channels is
mostly negative or neutral at best.

These findings are interesting when comparing the financial
situation of science communicators on YouTube with the
structural problems of science journalism (Schäfer, 2017b). It
seems that only a few select individuals can make a living off these
activities—a long-tail distribution that is also described for the
digital music industry (Coelho and Mendes, 2019). This suggests
that the smaller science communicators are more likely to eventually
run out of personal or financial resources, being replaced by the next
generation. At the same time, it seems unlikely that science
journalists could use YouTube as a primary source of income.
Institutional communicators are in a more comfortable position,
using their institution’s budget, and could presumably be more
successful if they prioritized their channels more.

Overall, French-speaking science communicators on YouTube
offer a high variety of topics, covering all scientific fields we
identified during our sample construction, even if some fields
such as agronomy, law, or political science, appear less frequently.
The proportion of institutional and individual channels covering
a given field can vary considerably. For institutions, the
importance of fields in the natural sciences like environment,
mathematics, biology, and physics, may reflect their research and
teaching activities. For individual communicators, we observed a
more balanced mix between natural sciences and other fields like
history and philosophy.

The audiovisual quality of science communication videos on
YouTube has been assessed and called into question by previous
studies (Muñoz Morcillo et al., 2016; Muñoz Morcillo et al.,
2019). Our results can indirectly but positively speak to the
quality aspect: although almost no communicator had a
formal training in audiovisual production, they report having
learned a lot by themselves. Particularly, individual
communicators tend to mix different filming techniques such
as talking-head and animations. As already mentioned, the fact
that they usually speak of a topic in which they hold a university
degree certainly also suggests a high level of content quality.
Future studies could nevertheless try to investigate this question
of the audiovisual quality in a more focused effort.

Channels owned by individuals have more subscribers than
channels owned by institutions. Our data show that very few
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institutional channels reach 100,000 subscribers and none
reaches 1 million. This cannot be attributed to the channels’
age since institutional channels were generally created earlier
than individual channels and uploaded their first videos shortly
after their creation. Other indicators tell the same story:
institutions and individuals sharply differ on the engagement
they receive from their viewers, with individuals getting more
likes and more comments per view. This could be explained by
several factors. First, institutions do not only use their channel to
promote science, but also to promote the institution. This factor is
likely to make a strong difference as promotional videos are not
likely to receive many likes and comments. Other studies could
try to focus on institutional channels publishing only scientific
outreach content, but this will drastically reduce the sample
(dividing it by 3 according to our survey). Second, institutions
declared covering more topics than individuals. This is again
likely to lower the engagement as subscribers might not be
interested in all the videos published. This aspect can also
explain the lower number of subscribers of institutional
channels, the broader editorial policy preventing the retention
of a constant audience. Third, institutions publish more videos
per year than individuals. Publishing regular content is often
considered important to obtain visibility on Youtube, but it also
comes at a cost for the quality of each video, especially for science
videos which require a long phase of content research and
verification. If this trade-off quantity/quality is real, publishing
more videos might not be the best strategy to maintain the
interest of the viewers. Finally, it might be the case that people
subscribe and comment more on individual communicators’
channels because they can actually identify with a presenter
who continuously appears in the channel’s videos. This aspect
might be lacking or the presenter might be changing often for
institutional channels. This type of identification and
embodiment has been shown to be key in getting
communication messages across on YouTube (Kaul et al.,
2020), and a lack of identification could be a handicap to
build a communication strategy on other social networks,
slowing down the promotion of institutional channels by other
content creators.

However, institutions receive more views per subscriber than
individuals. It means that they are able to reach more people but
fail to retain their viewers through a subscription, probably for the
reasons mentioned above. But it shows that there is room for
improvement regarding the success of institutional science
channels on YouTube. In fact, our limited data suggest that
institutions considering the publication of videos as a priority
can have a higher number of subscribers (Supplementary
Figure 8). As discussed before, many institutions do not
consider their YouTube channels as a priority, but at the same
time are not satisfied with the impact they have. This discrepancy
may also reflect a gap between the investment into the channel at
the level of the institution and the opinion of the person in charge
of the channel who answered our survey.

Another important result of our study is that views and
subscribers are very unequally distributed among channels,
with a small number of channels accounting for most of the
views, as made salient in Figure 6. Nonetheless, it would be a

mistake to infer that only the most popular channels are of good
quality, or provide enough satisfaction to their viewers. An
alternative indicator of performance is the ratio between likes
and views, which could be a good proxy of how satisfied viewers
are with a video, and a channel as a whole. Supplementary
Figure 7 shows indeed that this ratio is higher for small individual
channels than for bigger ones. Hence, if small channels are not
particularly popular, it might be for reasons other than not
pleasing their viewership. However, this indicator could also
be biased toward small channels, because small channels may
attract a more active and motivated viewership.

In any case, many communicators are well aware that their
success (or lack thereof) is in part out of their control, and only
one science communicator in our sample thinks that YouTube is
very meritocratic. They recognize the importance of being
promoted by a more successful communicator for a channel
to earn subscribers, a factor that is indeed not only linked to the
internal quality of a channel but also to the network built by the
creator, which may be weak for institutional channels. Another
interesting fact is that very few channels were created in the last
three years. This could suggest a fierce competition where
channels established earlier are preventing smaller ones to
grow and become known, or be created in the first place. This
competition does not have to be direct: it could be that viewers are
satisfied with the content they currently watch and have stopped
searching actively for new channels. It could also simply reflect
the fact that recent channels had less time to grow for us to know
about their existence and for them to know about our attempt to
identify them, and were therefore not included in our sample.

Since we only analyzed French-speaking channels, it is
interesting to ask whether our results can generalize to science
communication worldwide. There are certainly several structural
differences introduced by the size of English-speaking YouTube
and the different (working) conditions in the corresponding
countries. Because our sample of individual communicators
was based on language and not country, it is difficult to
identify a “French culture” that would apply to every
communicator in our sample. Indeed, although 90% of our
sample reports living in France, a few communicators live in
other countries where french is an official language, such as
Belgium, Canada or Switzerland. If we focus on France though,
the country spends a percentage of GDP on research and
development that is close to the average in the European
Union (World Bank, 2018), and the country hosts some of the
world’s leading research institutions such as CNRS (Crew and Jia,
2020), suggesting a general interest and knowledge in science, at
least at the institutional level. On the other hand, France has very
few science shows on TV and science is generally poorly
represented in the mainstream media. It is difficult to say
what this peculiarity implicates for Youtube: French people
could either watch more science on the internet because they
can not find this type of content on TV, or they could watch less
science on the internet because they have not been familiarized
enough with this topic while growing up. Another difference
between France and other countries could be in the availability of
public funding: for instance, since 2017, an agency of theMinistry
of Culture is funding videos created for the internet specifically
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(CNC, 2017). Although this financial support is not targeted at
scientific content in particular and is difficult to obtain, it could
make a difference in the long term. All these aspects could be
investigated in a cross-cultural comparison, but the lack of studies
in other countries makes this comparison difficult at the moment.
As noted before, at least when it comes to broad demographics
such as age, gender or education, our results go in the same
direction than previous studies (Muñoz Morcillo et al., 2019;
Velho et al., 2020).

Our study was able to provide novel quantitative insights, but
our sampling process was constrained by several limitations.
First, although our sample was meant to be focused on French-
speaking channels generally, it is biased toward France-based
institutions specifically. For example, French-speaking
institutions in Québec, Canada, were not included in our
sample. Second, it is possible that we overlooked some
individual and institutional channels, although our sample
was made as comprehensive as possible, incorporating both
small and big channels. For institutions, we compiled a
comprehensive list of science-related institutions before
checking whether they even had a YouTube channel; for
individuals, we combined online, social, institutional, and
personal resources to identify channels. This approach led to
our sample containing a large proportion of small channels with
less than 1,000 subscribers, thus limiting any selection bias
toward highly popular channels. Third, our survey response
rate was 29%, further introducing bias into our results, with
institutional science communicators being underrepresented.
Fourth, our results are influenced to some degree by our initial
definitions of “science communicators”, “scientific disciplines”,
and “institutions”. The literature offers narrower and broader
understandings of “science communicators” (cf. Casini and
Neresini, 2013; Baram-Tsabari and Lewenstein, 2017), but
because we expected a diverse set of actors (with often
unclear or multiple roles) to communicate about science on
YouTube, we did not, for example, differentiate between
scientists and professional science communicators. Relatedly,
there is also no universal definition of an “institution”. The three
lists we used to generate our institutional sample cover
universities, research institutes and scientific outreach
organizations in France. It is unclear which characteristics
media outlets such as science magazines would display in
such an analysis. We also cannot eliminate the possibility
that some institutions blurred the line between institutions
and individuals by hiring individual science communicators
to present their videos. Finally, only the topic of a channel was
assessed to classify them as scientific or not. No additional
criteria such as accuracy or adherence to the scientific consensus
were defined. This limitation is justified by three main reasons.
First, content characteristics were not the focus of our analysis.
Second, we wanted to focus on the user experience to construct
our sample, and viewers are exposed to both accurate and
inaccurate content. Third, determining a correct level of
accuracy is a difficult task, especially since science
communicators often have to make many approximations in
their explanations. In order to facilitate further studies using
different definitions, we provide our full database of channels as

well as code necessary to gather data or run the analysis (see
Masselot, 2020).”

CONCLUSION

YouTube is one of the most important communication channels
and it hosts a large number of science-related content (Burgess
and Green, 2018; Allgaier, 2020). Research on science
communication on YouTube, however, is still in its infancy
and is mostly focused on content and audiences (Allgaier,
2020). The few studies that looked at the communicators did
so by extracting information about them through content
analyses, and they did so in samples limited to highly popular
channels (e.g., M. C. Erviti and Stengler, 2016; Muñoz Morcillo
et al., 2019).

The present study looked at an extensive sample of
622 French-speaking science YouTube channels and used a
survey (n � 180) as well as publicly available channel data (all
622 channels, including 70,795 videos). Our results described the
sociodemographics, resources and goals of the science
communicators behind these channels (RQ1), as well as the
characteristics and performance of their channels (RQ2). It
further differentiated these descriptions between individual
and institutional science communicators (RQ3).

Results showed that French-speaking science communicators
on YouTube are mostly young, male, highly educated, and usually
talk about their topic of expertize. Most of them work alone on
their channel, do not earn enough money to make a living out of
this activity, and have to invest money and personal/institutional
resources to run their channel. At the same time, many are not
interested in making science communication on YouTube their
main source of income. Their main goal is sharing science and
stimulating curiosity, as opposed to teaching and entertaining.
Together, they are able to cover a lot of scientific disciplines, with
individuals usually focusing on a couple of fields and institutions
talking about more diverse subjects. Institutions also have a
supplementary goal: to promote and present the institution
itself. This broader editorial policy could explain why they
seem to have relatively less success than individuals in terms
of raw number of subscribers and engagement. Other factors that
could explain this difference include a different number of videos
produced per year and the fact that institutions, by definition, are
unable to showcase a personality as strong as individuals. Looking
at the channels, we saw that channels of individual science
communicators tend to have more subscribers, views per
video, and engagement. Nonetheless, institutional channels
might have higher potential for success because they get more
views per subscriber and can rely on their institution’s funds
without needing to be profitable. This reflects the science
communication landscape more generally, where institutions
become more and more visible as they are increasing their
focus and resources on science communication (Vogler and
Schäfer, 2020).

Although not without limitations, our study indicates relevant
questions left for future research. Our study focused on
descriptive results, as very little was known about science
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communicators on YouTube, but later studies could try to test
our findings by working with hypotheses, e.g., regarding
differences between individual and institutional science
communicators, or by applying different definitions of “science
communicators”, “scientific disciplines” or “institutions”
respectively. They could also try to advance the field and link
survey-based channel insights with different measures of channel
success (e.g., views or number of interactions). Another aspect
that deserves to be investigated more is whether the trend we
observed of no new channels created in the last three years will
persevere. More fundamentally, it would be better if similar
research on the production side of YouTube used a theoretical
foundation in the future. Approaches such as structuration theory
to investigate communicators goals and roles (Giddens, 1984),
intermedia agenda-setting to analyze dynamics between
communicators (e.g., Lim, 2011), and even the uses and
gratifications theory to explore the reasons why
communicators chose YouTube could be applied (e.g.,
Langstedt, 2013).
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Science on YouTube? An Exploratory
Study
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United States

Educational science programming on digital video platforms such as YouTube wrestle

with sometimes significant gender disparities in viewership. When men engage with

science and technology content on digital platforms more than women, gender gaps in

the understanding of, engagement with, and interest in STEM may intensify. Therefore,

there is a critical need for research aiming to aid in our understanding of these gender

differences. This study provides evidence that the gender gaps may exist not in the use

of YouTube itself, but in the engagement with science and technology content on the

platform. Furthermore, there are gender differences in the reasons for engaging with

such content, with women, perhaps, more motivated by instrumental purposes than to

satisfy their science curiosity.

Keywords: informal science learning, public media, science communication, science media, women, YouTube

INTRODUCTION

In their July 2019 programming deck, PBS Digital Studios describes each of its YouTube channels
and the audiences for those channels. This PowerPoint-styled document includes information and
viewer metrics for 14 PBS Digital Studios shows, only three of which are not explicitly science
relevant. For each of the science-relevant shows, there is a stark gender disparity in viewership.
Crash Course, a series that is hosted by a variety of different internet personalities and experts (e.g.,
Wheezy Waiter, Dr. Shini Somara), and focuses on topics such as philosophy, engineering, and
astronomy, has an audience that is 65% male. It’s Okay to Be Smart, a series hosted by Joe Hanson,
PhD, that highlights surprising connections between science and our world, has an audience that
is 75% male. Physics Girl, a Webby award-winning series aiming to demonstrate basic physics
concepts with the tag line “Physics for every atom and eve,” has an audience that is 80%male. Space
Time, a series about space and astrophysics, hosted by Matt O’Dowd, PhD, has an audience that is
93% male. In contrast, two of the non-science relevant series have greater female viewership. The
Art Assignment series’ audience is 45% male and 55% female, and Say It Loud, a series celebrating
Black culture, has an audience that is 38% male and 62% female.

Why do the educational science programs struggle to attract female viewers? There are two
potential sources for an overall gender disparity: the YouTube platform and the science content
showcased on that platform. In this study, I explore four questions. First, is it the case that men
watch YouTube more frequently than women? If not, what is the relative importance of gender and
what is the strongest predictor of YouTube use? Second, do women use the platform differently (or
for different reasons) than men? Third, are men more inclined to watch science and technology
video than women? And, fourth, when women do watch science video, why do they watch it?
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There is a critical need for research aiming to fill the gap
in our understanding of gender differences in engagement with
digital video. When men engage with STEM content on digital
platforms more than women, gender gaps in the understanding
of, engagement with, and interest in STEM may intensify.
Though an abundance of work exists that examines gender
differences in, for example, the pursuit of STEM-careers (e.g.,
Sadler et al., 2012; Dasgupta and Stout, 2014; Stoet and Geary,
2018), there is a gap in understanding the potential two-
tiered gender disparity involved with (a) consuming content on
digital platforms like YouTube and (b) engagement with science
media on those platforms. Specifically, understanding whether
a gender-based participatory digital divide in engagement with
science video exists, and if so, why does this divide exist, is
critical to advancing informal science learning and broadening
participation with STEM.

This research is seated in the uses and gratifications
framework which seeks to explain how people use media to
gratify their needs, to identify what motives people have for
using media, and to identify potential positive and negative
consequences of media use (see Ruggiero, 2000; Rubin, 2009).
Prior research investigating the uses and gratifications of online
science video suggests that people primarily use online science
videos to satisfy learning goals (e.g., Moll and Nielsen, 2017).
However, there are a variety of other uses and gratifications
that may come into play given that YouTube is a website
for social networking, entertainment, and information seeking.
To that end, I used the items from Khan (2017); (adapted
from Dholakia et al., 2004), which were expected to measure
five motivations for YouTube consumption and participation:
information-seeking, sharing information, status-seeking, social
interaction, and entertainment.

Gender Disparities Exist in Informal

Science Learning Broadly
Participating in informal science learning activities during
childhood, such as going to the zoo or attending a science
camp, can lead to working in STEM-related careers (Alexander
et al., 2012; Bonnette et al., 2019; Todd and Zvoch, 2019). Past
studies, however, have shown that girls are less likely to engage in
these kinds of experiences than boys are (Hamilton et al., 1995;
NSF, 2003). To address this disparity, informal science learning
scholars have sought ways to create more gender inclusive
environments using pedagogical and design strategies that would
appeal to young women (e.g., Dancstep and Sindorf, 2018). These
investments in gender inclusion might be working. For example,
when investigating patterns of involvement in informal science
learning experiences by gender, socioeconomic status, and area
of residence (rural, urban), Hill et al. (2018) found that boys and
girls generally did not differ in the quantity of their informal
science experiences. When looking only at urban areas, however,
girls actually participated more frequently than boys (Hill et al.,
2018).

Fewer studies, however, investigate adult women’s
engagement with informal STEM learning experiences. One such
study by Burks et al. (2017) examined gender-based engagement

with their SciPop Talks! Program among college-aged adults.
Although the audience was approximately gender balanced,
the author reported surprising gender-based differences in
the reasons given for attendance. More women said that they
attended the event to earn class credit (47.3%) and fewer (40%)
said they attended because they are interested in science. In
contrast, a large majority of men (80.9%) said that they attended
because they are interested in science, whereas fewer (38.3%)
said they attended to earn class credit. This indicates a need to
further investigate women’s participation in informal science
learning experiences, particularly investigating their motivations
for engagement (i.e., their uses and gratifications, e.g., Ruggiero,
2000).

Public Media Is Also an Avenue for

Informal Science Learning
Although museums and zoos, for example, are proven providers
of informal science learning experiences, not all such experiences
occur outside of the home. Informal science learning can occur
through the use of science media, including traditional media
(Maier et al., 2014) and digital media like YouTube (Tan, 2013;
Rosenthal, 2018). Public media, in particular, offers credible
educational programming across a variety of traditional and
digital platforms (Donohue, 2017).

PBS, a private, non-profit corporation, provides over 1,200 h
a year of educational and cultural programming for all ages.
Though most of this content has traditionally been designed for
television and radio, PBS recently has expanded onto digital,
social media, and streaming platforms. For example, Boston
Station WGBH, the largest content producer for PBS, launched
the “Emerging Platforms Initiative” in 2019 to create original
content on platforms like Snapchat, Instagram, Reddit, TikTok,
and Twitch (Brewer, 2019). The first of such provisions was
Escape Lab, a one-night, interactive escape room competition
livestreamed on Twitch, aiming to generate enthusiasm for space
and science (Brewer, 2019). As another example, PBS Digital
Studios was created in 2012 to help develop multiplatform
programming. PBS Digital Studios now includes a network of
over 20 YouTube channels with over 22 million subscribers and
over 2.2 billion lifetime views (About, 2020).

Media Producers Report Gender

Disparities in Digital Video Use
With the extension onto digital, social media platforms, however,
there is concern that the gender disparities will increase. Video
streaming-type services, in particular, reportedly have largely
male audiences (e.g., mediakix, 2017; Aslam, 2020). As described
earlier, WGBH chose to create content for one of these emerging
media platforms, Twitch, to engage younger audiences (ages 13–
35). And, while Twitch’s core demographic is young, it’s audience
is ∼81.5% male (mediakix, 2017). There is mixed evidence on
who composes the audience of YouTube. Market research firms
tend to report that YouTube leansmale; Digital marketing agency
Omnicore, for example, states that 62% of YouTube users are
male and 78% of U.S. men use YouTube; however, only 38% of
YouTube users are female and 68% of U.S. women use YouTube
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(Aslam, 2020). This of female viewers (∼38%) appears consistent
with those reported by some of the science series for PBS Digital
Studios. As stated earlier, Crash Course has an audience that is
65% male (and 35% female), and other shows like Deep Look
(which typically showcases small creatures like fruit flies, ants,
and earwigs) and This Is Chemistry have similar breakdowns in
viewership by gender. Is 65%/35% the approximate base rate for
male and female viewership? Have these shows, which appear
to have gender disparities in viewership, actually reached gender
parity given the existing audience on the platform?Not according
to Google. The media giant reports that over 50% of YouTube’s
audience is female and attributes this statistic to a collaboration
between themselves and Nielsen (Google, 2020). If this is true,
then these shows do have a gender disparity in viewership and
research ought to consider what might be the cause for the
disparity and how to move forward.

Are Women a “Missing Audience” for

Digital Science Video?
If there is a gender disparity in viewership of educational science
programing on YouTube, then women are presumably a “missing
audience.” The missing audience hypothesis (Kahan et al., 2016,
2017) proposes that there is an appetite for educational science
programming among diverse audiences (such as minorities and
women who traditionally are underrepresented in STEM), but
certain cultural and/or social factors influence how these shows
are perceived and the extent to which diverse audiences engage
with them. After all, there is not much evidence to suggest that
the typical audiences for educational science programming seen
through data from Nielsen, for example, (often white, educated,
liberal-leaning, andmale) ought to be the only audiences targeted
for such programming. For example, other types of science
entertainment, like the CBS sitcom “Big Bang Theory” 1 and
the popular hypothesis-testing reality TV show Myth Busters2,
enjoy large and diverse audiences3. It is the apparently narrower
reach of educational science programming that leads us to
this conclusion.

Missing audiences for educational science media consist of
individuals who are interested in engaging with science content,
but for some yet unknown reason are not. To determine whom is
interested in engaging with science content, my collaborators and
I developed the “Science Curiosity Scale” (see also Kahan et al.,
2017; Motta et al., 2019). Individuals’ science curiosity scores are
strongly predictive of their engagement with educational science
video (Kahan et al., 2017) as well as other types of science media
(Janét et al., 2020). In my collaborative research with KQED
Science, we have found that in some cases, women were less likely
than equally science curiousmen to agree to watch an educational
science video (Kahan, 2019). For example, women who scored
in the 95th percentile in science curiosity were ∼26% less likely
to agree to watch a nature video from Deep Look called “Turret

1https://yougov.co.uk/topics/media/explore/tv_programme/
The_Big_Bang_Theory
2https://today.yougov.com/topics/media/explore/tv_show/MythBusters
3https://today.yougov.com/topics/media/articles-reports/2018/04/30/americas-
most-popular-tv-shows

Spiders Launch Sneak Attacks from Tiny Towers” than men who
also scored in the 95th percentile in science curiosity (Kahan,
2019). This finding lends support to the hypothesis that women
are a missing audience for digital science video.

The Current Study
Here, I evaluate data from two surveys that were collected
between 2019 and 2020 to examine whether there is a gender
disparity in YouTube use, whether there is a gender disparity
in consumption of science content, and what are women’s and
men’s uses and gratifications of science video on the platform.
A unique feature of this study, for both surveys conducted, I
asked participants to report their YouTube watch time data from
the application. Although self-reported, this data is arguably
more nuanced and accurate for estimating engagement with
the platform compared to self-reported use on Likert-type
scales (which I also included in the surveys) as it comes
from an application that tracks participants’ actual behavior.
It is also worth noting that these data are from national, but
not necessarily nationally representative, populations; thus, care
should be taken when generalizing from the findings.

MATERIALS AND METHODS

Data for this study come from two surveys.

Survey 1 (National Sample)
Participants (N = 1,003) were recruited by Qualtrics Research
Services using quota sampling to approximate national
representativeness in January 2020 as part of a larger study
on alternative beliefs on YouTube (Landrum and Olshansky,
2020, Study 3). Approximately 45% of the sample’s participants
reported identifying as male and 55% reported identifying
as female. The average age was 45.58 years (Median = 45,
SD = 17.31, range 18–84). Most of the sample (62%)
reported identifying as White and non-Hispanic/Latino,
14% identified as Black and non-Hispanic/Latino, 18% identified
as Hispanic/Latino, 0.5% identified as Asian, and 2.5% identified
as “other.” The remaining chose not to answer. Regarding
political affiliation, 38.9% of the sample reported typically voting
Democrat, 29.3% reported typically voting Republican, 12%
reported voting independent or other, and 19.8% reported not
voting. Furthermore, 32% of our sample reported having at least
a college degree.

At the start of the survey, participants were told that we
first wanted to capture actual information about how (and how
often) people use YouTube. Therefore, in addition to answering
a common self-report item (i.e., how often do you watch videos
on YouTube?), participants were provided with instructions on
how to access their “Time Watched” data from the YouTube
application on their mobile devices and how to report these
numbers. Instructions that participant saw for this task are shown
in Figure 1.

For this study, I used two metrics: “Time Watched—Last 7
Days” (M= 10.08 h,Median= 4.5, SD= 14.69, skew= 3.11) and
“Time Watched—Daily Average” (M = 2.33 h, Median = 1.49,
SD = 2.79, skew = 2.07). Although I also asked participants
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FIGURE 1 | Instructions for reporting YouTube “Watch Time” metrics. Participants for Survey 2 also saw these instructions.

to report their metrics from “Yesterday” (as it is included in
YouTube’s reporting4 and I did not want to confuse participants),
I did not plan to use this data because one date point could be
idiosyncratic and themetrics spanning over a longer period (daily
average, past week) would provide more accurate reflections of
any one person’s YouTube use. Only 574 participants in the
sample reported the “Last 7 Days” number (nfemales = 312)
and only 568 reported the daily average (nfemales = 310)5.
Next, we asked participants to indicate the frequency with
which they watched a variety of different video topics (e.g.,
government/politics, science, health and wellness, home repair,
etc.) using the following scale: (1) never, (2) a few times a year at
most, (3) a few times a month, (4), at least once a week, and (5)
every day. We also collected standard demographics such as age,
education, area of residence (rural, urban, suburban), religiosity,
and political party. See Supplementary Materials.

Survey 2 (YouTube Users)
Participants (N = 556) were recruited using Cloud Research,
a platform managed by Amazon’s Mechanical Turk, during the
summer of 2019. Using TurkPrime, I requested 500 participants

4Since the data collection for these two surveys, YouTube has changed the metrics
they report. Instead of “yesterday” they now provide “today” in addition to past
week (last 7 days) and the daily average.
5It is possible that the participants who did not answer these questions are not
“missing at random”, and they didn’t complete the task because they never watch
YouTube or do not have a YouTube account. It is also possible, however, that the
participants who did not complete this task vary in their YouTube use, but simply
didn’t feel like going through the trouble and skipped to the next question on the
survey.

who were categorized by the platform as “YouTube users” and
were “naïve” workers (that is, the top 2% most active individuals
with MTurk accounts, who are responsible for completing
over 34% of the “human intelligence tasks,” or HITs, on the
platform were excluded from being able to sign up for the
study). Approximately 50% of the sample’s participants reported
identifying as male and 50% reported identifying as female. The
average age was 35.07 (Median = 33, SD = 10.44, range 18–
75). Most of the sample (69%) reported identifying as White
and non-Hispanic/Latino, 13% identified as Black and non-
Hispanic/Latino, 5% identified as Hispanic/Latino, 8% identified
as Asian, and 2% identified as Native American. Regarding
political affiliation, 48% of the sample reported typically voting
Democrat, 24% reported typically voting Republican, 19%
reported voting independent or other, and 9% reported not
voting. Furthermore, 48% of the sample reported having at least
a college degree.

Like for Survey 1, I collected multiple measurements
of frequency of YouTube use including self-reported use
(Never = 0%, Yearly = 1%, Monthly = 5%, Weekly = 26%,
and Daily = 68%) and YouTube Watch Time data (last
7 days: M = 11.55 h, Median = 6.43, SD = 16.41,
skew = 3.89; daily average: M = 1.9 h, Median = 1.1,
SD = 2.44, skew = 2.87). Of the 556 participants for
Survey 2, 460 participants (83%) reported the “Last 7
Days” number (nfemales = 211) and 457 (82%) reported
the daily average (nfemales = 211). I also asked participants
to report on their reasons for using YouTube more
generally, following the uses and gratifications framework
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(see Ruggiero, 2000; Khan, 2017; Rosenthal, 2018). See
Supplementary Materials.

In addition to measures of general YouTube use, I also
asked participants questions about the specific kinds of topics
and programming they watch on YouTube and I asked
this in two ways. First, I asked how frequently participants
watch different kinds of topics on YouTube (e.g., science,
entertainment/celebrities, sports, new technologies, nature, or
environment, etc.) using a 5-point scale (Never, A few times
a year at most, A few times a month, at least once a week,
or every day). Second, I asked participants to go into their
YouTube history and report the last three videos that they
watched, categorize those videos (see Supplementary Materials),
and report their purpose for having accessed those videos,
following the uses and gratifications framework (see Ruggiero,
2000; Rosenthal, 2018).

Unlike for Survey 1, Survey 2 included the science curiosity
scale questionnaire (Kahan et al., 2017). These questions
occurred at the beginning of Survey 2 and differed from
the original SCS scale (Kahan et al., 2017) only in that I
did not include the selection task item that typically requests
that participants select an article set out of four choices
(entertainment articles, business articles, sports articles, or
science articles) before showing them an article from that set
to read. Like prior uses of the scale, the scale was evaluated
and scored for this study using item response theory. See the
Supplementary Materials for more information.

RESULTS

There Is Mixed Evidence That Female

Participants Watched Less Video on

YouTube
For this first analysis, I combined the data from the two
surveys (combined N = 1,559). As I stated above, frequency of
YouTube use was measured in three ways for both surveys: (1)
participants’ self-reported frequency of use (M= 4.14, SD= 1.21,
Median = 5, range = 1–5) and participants’ reports of their
YouTube application watch time data (2) from the last 7 days
(M = 10.73 h, SD = 15.49, Median = 5.6 h) and (3) the daily
average (M = 2.14 h, SD = 2.65, Median = 1.25 h). Given
that survey 2 was limited to YouTube users, participants from
survey 2 were expected to report greater use across all three
outcome variables than participants from survey 1. A preliminary
MANOVA (validN = 959) suggested a significant effect of survey
(1 vs. 2, Pillai = 0.09, ∼F = 29.55, p < 0.001) and a significant
interaction effect between gender and survey (Pillai = 0.01,
∼F = 3.80, p = 0.010). There was no significant main effect of
gender (Pillai= 0.004,∼F = 1.41, p= 0.239). No other variables
were included in the model. I followed up on the MANOVA with
two-way ANOVAs for each dependent variable.

Self-Reported Frequency of Use
The ANOVA examining self-reported frequency of use also used
the combined dataset (valid N = 1,479). Men (M = 4.21 of 5,
SD = 1.21, median = 5, or “Daily,” n = 689) reported slightly

greater frequency of use than women reported (M = 4.08 of 5,
SD = 1.22, median = 4, or “Weekly,” n = 790), F(1,1,475) = 4.61,
p= 0.032, d = 0.11, 95% CI[0.01, 0.21]. However, the difference
in frequency of use between survey 1 (national sample:M = 3.89,
SD = 1.36, n = 1,002) and survey 2 (YouTube users: M = 4.59,
SD= 0.66, n= 556) participants was larger, F(1,1,475) = 127.15, p
< 0.001, d = 0.61, 95% CI[0.50, 0.71]. There was no significant
interaction effect between gender and survey on this outcome
variable, F(1,1,475) = 2.46, p= 0.117.

YouTube Data: Total Watch Time (in Hours) for the

Last Seven Days
The ANOVA examining total watch time for the last 7 days
also used the combined dataset (valid N = 995). Participants
from survey 2 (YouTube users: M = 13.65 hours, SD = 28.58,
Median = 6.53 h, n = 460) reported a marginally greater, but
not statistically different, watch time from the past 7 days
than participants from survey 1 (national sample: M = 10.08 h,
SD = 14.69, median = 4.5 h, n = 574), F(1,991) = 2.99, p = 0.084,
d = −0.10, 95% CI[−0.22, 0.03]. There was a significant, but
small difference between men (M = 11.88 h, SD = 15.43,
median = 7 h, n = 472) and women (M = 9.86 h, SD = 15.75,
median = 4.53 h, n = 523), F(1,991) = 4.19, p = 0.041, d = 0.13,
95% CI[0.01, 0.25]. There was no interaction effect between
gender and survey, F(1,991) = 1.06, p= 0.304. See Figure 1.

YouTube Data: Average Daily Watch Time (in Hours)
The ANOVA examining average daily watch time also used
the combined dataset (valid N = 987). Participants’ daily
average differed by survey, but this time survey 1 participants
(national sample: M = 2.33 h, SD = 2.79, median = 1.49 h,
n = 568) reported a greater daily average than survey 2
participants reported (YouTube users:M = 1.9 hours, SD= 2.44,
median = 1.1 h, n = 457), F(1,983) = 5.92, p = 0.015, d = 0.17,
95%CI[0.04, 0.29]. There was not a significant difference between
men (M = 2.29 h, SD = 2.6, median = 1.52 h, n = 466) and
women (M = 2.04 h, SD = 2.68, median = 1.12 h, n = 521),
F(1,983) = 2.19, p = 0.139, d = 0.09, 95% CI[−0.03, 0.22].
There was also no interaction effect between gender and survey,
F(1,983) = 0.17, p= 0.685. See Figure 2.

Age, Not Gender, Is the Strongest Predictor

of Reported Frequency of YouTube Use
To examine the relative impact of gender on YouTube use
(compared to other individual differences variables), I conducted
lmg tests of relative importance (Lindeman et al., 1980;
Grömping, 2006) on results from multiple regression analysis
using general linear models (glm; See Table 1) to determine the
demographic factor with the strongest influence on YouTube use.
The lmg statistic (or average semi-partial) provides the average
proportion of variance explained across all possible orderings
of the variables in multiple regression using sequential sums
of squares (Lindeman et al., 1980). These analyses also used
the combined dataset (valid N for “use” model = 1,436; valid
N for “past week” model = 965; valid N for “daily average”
model = 956). Across all three dependent variables, age was an
important predictor of YouTube use: perhaps unsurprisingly,
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FIGURE 2 | Distribution of watch time for men and women. Figure on the left is the number of hours watched in the past seven days (past week). Figure on the right is

the number of hours watched on average each day (daily average). Dotted lines represent the average for each gender.

younger participants reported greater use of the platform than
older participants. Area of residence (suburban, urban, or rural)
was generally the next strongest predictor, with urban-dwelling
participants reporting greater use of the platform (Self-Report:
M = 4.37, SD = 1.07; Last 7 Days: M = 13.22, SD = 17.74;
Daily Average: M = 2.42; SD = 2.78) than suburban-dwelling
(Self-Report: M = 4.03, SD = 1.27; Last 7 Days: M = 9.15,
SD = 13.87; Daily Average: M = 1.84; SD = 2.43) and rural-
dwelling ones (Self-Report: M = 3.94, SD = 1.29; Last 7 Days:
M = 10.35, SD = 14.94; Daily Average: M = 2.28; SD = 2.72).
Reporting that one identified as Black or African American was
the relatively most important predictor of one’s reported daily
average (lmg = 2.19): Black participants reported a greater daily
average (M = 3.17 h, SD = 3.09, Median = 2.08, n = 140)
than non-Black participants reported (M = 1.98 h, SD = 2.53,
Median = 1.12, n = 885, d = 0.426). See Table 1. Although
gender was a statistically significant factor in predicting YouTube
use, it was relatively less important than these other individual
variables. This relative lack of importance can be clearly seen in
Figure 3.

6As the two samples have greatly different sample sizes and standard deviations,
Hedges’s g (g = 0.46) or Glass’s delta (delta = 0.48) may be more appropriate
measurements of effect size.

Women Report Using YouTube Generally

for the Same Uses and Gratifications as

Men
I also wanted to examine whether women’s uses and gratifications
of YouTube more broadly are different than men’s and, if so,
what predicts the propensity of these different reasons for use.
As I described in the Materials and Methods section, Survey
2 included questions about participants’ uses and gratifications
of YouTube (Survey 1 did not), thus this analysis includes
data only from the MTurk sample. A confirmatory factor
analysis (valid N = 521) supported the 5-factor model of
uses and gratifications from Khan (2017) using the standards
described by Bowman and Goodboy (2020), χ

2
= 1028.01,

p < 0.001; SRMR = 0.07; RMSEA = 0.07, 95% CI[0.07, 0.08];
CFI = 0.86. These dimensions include using YouTube for
information seeking, for entertainment, for sharing content, for
status seeking, and for social networking. Scores were calculated
for each of the factors by averaging across the items that load onto
each factor. See Table 2.

Next, I conducted a MANOVA predicting the five uses and
gratifications of YouTube from age, gender, and science curiosity.
Again, this analysis was conducted on the MTurk sample of
YouTube users only (valid N = 501). There was a main effect
of science curiosity (Pillai = 0.16, ∼F = 19.14, p < 0.001), age

Frontiers in Communication | www.frontiersin.org 6 April 2021 | Volume 6 | Article 610920211

https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


Landrum Women and YouTube

TABLE 1 | Predicting YouTube Use with Survey 1 and 2 participants combined.

Self-report use Last 7 days Daily average

b F lmg

(%)

b F lmg

(%)

b F lmg

(%)

(Intercept) 5.23*** 17.44*** 4.11***

Survey sample 0.41*** 36.72*** 5.08 1.18 1.02 0.25 −0.41* 4.11* 0.45

Female −0.22*** 14.13*** 0.51 −2.30* 4.99 0.46 −0.54** 9.99*** 0.64

Age −0.03*** 207.90*** 15.93 −0.12* 8.20* 1.12 −0.03*** 17.69*** 1.87

Black 0.29** 11.33*** 1.23 3.27* 4.61 0.64 1.04*** 17.38*** 2.19

Hispanic 0.30*** 12.91*** 1.35 1.19 0.69 0.06 0.67** 7.82** 0.90

Education 0.03 2.76 0.43 −0.23 0.39 0.02 −0.11 3.57 0.45

Religiosity 0.03 1.28 0.23 0.12 0.05 0.02 0.21* 6.24** 0.55

Party (ref = Democrat) 1.14 0.40 4.35 1.18 2.49 0.57

Republican 0.06 1.87 −0.04

Other 0.05 4.25** 0.40

Doesn’t vote −0.10 −1.88 −0.60

Area (ref = Urban) 4.51 1.11 4.51 1.08 1.78 0.62

Suburban −0.19** −3.43** −0.30

Rural −0.18* −2.34 0.05

***p < 0.001; **p < 0.01; *p < 0.05; valid N for “use” model = 1,436; valid N for “last 7 days” model = 965; valid N for “daily average” model = 956.

When controlling for the effects of other variables, gender is a significant predictor of YouTube use with female participants reporting lower values than male participants.

FIGURE 3 | Relative importance of each of the individual difference variables. Age is the most important factor included in the model. Any effects of gender are

negligible compared to the influence of age on frequency of YouTube use.
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TABLE 2 | Descriptive statistics for uses and gratifications subscales.

Uses of YouTube Mean SD Cronbach’s alpha

Information seeking (info) 3.33 0.71 0.75

Entertainment (entertain) 3.52 0.60 0.77

Sharing content (share) 2.10 0.78 0.69

Status seeking (status) 1.31 0.51 0.83

Social networking (social) 1.64 0.70 0.84

(Pillai= 0.12,∼F = 13.31, p < 0.001), and gender (Pillai= 0.03,
∼F = 3.15, p= 0.008). However, no interactions were significant
(all ps > 0.169); thus, no interactions were included in the
follow-up GLM analyses.

Next, I conducted follow-up GLM analyses (valid N = 501)
predicting each of the uses and gratifications category scores
(e.g., information seeking, entertainment) from participants’
science curiosity scores, age, and gender. See Table 3. Science
curiosity was a significant predictor of each of the YouTube use
scores, except for entertainment. Age was negatively associated
with using YouTube to impress others/status-seeking and for
entertainment; younger participants had higher scores on these
dimensions than older participants. The only gender difference
was in the reported use of YouTube for impressing others.
Although both genders reported low scores on this measure,
Men (M = 1.42 of 5, SD = 0.63, n = 250) scored higher on
using YouTube to impress others or seek status than women did
(M = 1.22, SD= 0.33, n= 251, d = 0.40). Also see Figure 4.

Men Report Watching More Videos About

Science and Technology Than Women Do
To examine gender differences in frequency of watching digital
video based on topic, I conducted amixed-design ANOVA on the
combined Study 1 and Study 2 data sets (valid N = 1,272) where
video topic was treated as a within-subjects variable and gender
and survey (1 vs. 2) were treated as between-subjects variables.
As a reminder, participants rated each topic independently on
a scale from never (1) to everyday (5), and the video topics
included music, television, health and wellness, environment,
science, home repair, technology, government, and sports.

There was no significant main effect of survey sample,
F(1,1268) = 0.47, p = 0.492, η2

p < 0.001. There was a main effect,

though, of gender, F(1,1,268) = 50.16, p < 0.001, η2
p = 0.038.

Across the different topic types and surveys, female participants
(M = 2.66 of 5, 95% CI[2.60, 2.73]) reported watching YouTube
less frequently than male participants reported (M = 3.00,
95% CI[2.93, 3.06]). There was also a main effect of topic,
F(8,10,144) = 238.01, p < 0.001, η2

p = 0.158. Planned contrasts
comparing each of the video topics to the science topic
finds that, collapsed across gender and survey, participants
reported watching science videos (M = 2.72, 95% CI[2.66, 2.79])
significantly more often than sports videos (Msports = 2.52,
95% CI[2.44, 2.59], p < 0.001, η2

p = 0.018), government videos

(Mgov = 2.62, 95% CI[2.54, 2.69], p = 0.007, η2
p = 0.006, home

repair videos (Mhome = 2.51, 95% CI[2.45, 2.57], p < 0.001,

η2
p = 0.031, and videos about the environment (Menv = 2.65, 95%

CI[2.59, 2.72], p = 0.025, η2
p = 0.004. In contrast, participants

reported watching science videos less often than watching
television clips (Mtv = 3.15, 95% CI[3.09, 3.22], p < 0.001,
η2
p = 0.094) and less often than listening to music on YouTube

(Mmusic = 3.82, 95% CI[3.76, 3.89], p < 0.001, η2
p = 0.377).

Furthermore, we found a significant interaction effect between
topic and gender, F(8,10,144) = 48.51, p < 0.001, η2

p = 0.037.
Planned contrasts comparing the effect of gender for the science
video to the effect of gender for each of the other topics find
that the gender difference for watching science videos is bigger
than the gender differences for watchingmusic videos (p< 0.001,
η2
p = 0.022), television clips (p < 0.001, η2

p = 0.020), health

and wellness videos (p < 0.001, η2
p = 0.032), environmental

videos (p < 0.001, η2
p = 0.021), and home repair videos

(p< 0.001, η2
p = 0.013). However, the gender difference is smaller

for watching science videos than for watching sports videos
(p < 0.001, η2

p = 0.047) and videos about technology (p < 0.001,

η2
p = 0.012). The gender difference for watching government

videos is roughly equivalent to that of watching science videos
(p= 0.823, η2

p < 0.001). See Figure 5, Table 4.
Notably, this data is based on self-reported exposure to these

video topics and not their YouTube data.

Men Are More Likely to Have a Technology

Video in Their Watch History
As part of Survey 2, I collected behavioral data by asking
participants to open their YouTube histories and report the last
three videos they had watched. For each video they listed, I asked
participants to identify what categories they feel the video fit
into (e.g., politics, science, sports, music; this was a check-all-
that-apply question) and choose which of 5 response options
best explains their purpose for having accessed the video: to get
information, to be entertained, to relieve boredom, to connect
with others, or other (please specify). Of course, this method is
not without its limitations; participants could have lied or cherry-
picked videos from their history based on how they would like to
be perceived.

I recoded these responses in to four separate variables that
accounted for whether participants categorized any one of those
three videos as a science video, as a technology video, as a
health and wellness video, and as an entertainment video. Of
556 participants, only 48 reported that at least one of the three
videos they last watched on YouTube was a science video. Of
this group, 20 were female. A chi-square test suggested no
difference in the likelihood of having categorized one of the
three videos as a science video based on participants’ gender,
χ
2
(1) = 0.62, p = 0.430. Also, 50 participants (17 women)

reported that at least one of those three videos they listed
was a video about technology. A chi-square test suggested that
men were more likely to have reported watching a technology
video than women, χ2

(1) = 5.08, p = 0.024. Furthermore,
64 participants (46 female) reported that at least one of the
videos they watched was a health and wellness video. A chi-
square test suggested that women were more likely to have
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TABLE 3 | Predicting the different uses and gratifications of YouTube.

Science curiosity Age Gender (ref = Male)

b F lmg % b F lmg % b F lmg %

Information seeking 0.29 68.86*** 12.39 <0.01 0.35 0.07 0.01 0.01 0.32

Social networking 0.18 24.63*** 4.88 <0.01 1.77 0.35 −0.02 0.06 0.24

Sharing information 0.27 48.56*** 9.11 <0.01 0.09 0.02 <0.01 <0.01 0.27

Impress others/status 0.09 11.34*** 2.65 −0.01 15.95*** 3.28 −0.14 8.82** 2.55

Entertainment 0.01 0.11 0.03 −0.02 34.15*** 6.53 −0.03 0.25 0.19

***p < 0.001; **p < 0.01; *p <0.05.

Outcome variables are the rows and the predictors are the columns. Science curiosity predicted almost all the uses and gratifications except for entertainment.

FIGURE 4 | Predicting each of the five uses and gratifications of YouTube from participants’ science curiosity scores by gender. Among our sample participants,

science curiosity does not predict using YouTube for entertainment purposes, but this was the most common use among participants.

reported watching a health and wellness video than men,
χ
2
(1) = 12.97, p < 0.001. Finally, 166 participants (79 female)

reported that at least one of the videos they watched was an
entertainment video. A chi-square test suggested no difference in
the likelihood of having categorized one of the three videos as an
entertainment video based on participants’ gender, χ2

(1) = 0.33,
p= 0.567.

Supporting our prior work suggesting that our science
curiosity scale (Kahan et al., 2017) predicts engagement with
science media (e.g., Janét et al., 2020), logistic regression analyses
show that science curiosity was positively associated with listing
at least one science video (b = 0.59, exp(b) = 1.81, 95% CI[1.28,
2.60], p < 0.001) and at least one technology video (b = 0.53,
exp(b) = 1.70, 95% CI[1.21, 2.41], p = 0.002). Notably, it was
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FIGURE 5 | Estimated marginal means. Topics are sorted by females’ ratings. Error bars represent 95% confidence intervals.

TABLE 4 | Comparing average frequency of viewing for males and females across the different topics.

Male Female MD Cohen’s d 95% CI Effect

magnitude

Music 3.83 3.81 0.01 −0.01 −0.12 0.10 –

Television 3.20 3.12 0.07 −0.06 −0.17 0.05 –

Health and Wellness 2.69 2.69 0.00 0.00 −0.11 0.11 –

Environment 2.73 2.59 0.14 −0.12 −0.23 −0.01 –

Science 2.92 2.49 0.43 −0.36 −0.47 −0.25 Small

Home Repair 2.64 2.50 0.14 −0.13 −0.24 −0.02 –

Technology 3.08 2.41 0.67 −0.56 −0.68 −0.45 Medium

Government 2.85 2.36 0.50 −0.37 −0.48 −0.26 Small

Sports 3.10 2.03 1.07 −0.81 −0.92 −0.70 Large

Assessments of the magnitude of the effect size as negligible, small, medium, or large come from the effsize package for R.

not associated with listing at least one health and wellness video
(b = −0.09, exp(b) = 0.91, 95% CI[0.68, 1.23], p = 0.555) or
entertainment video (b= 0.02, exp(b)= 1.01, 95% CI[0.82, 1.26],
p = 0.883). Note that these were separate logistic regression
analyses for each of the video topics and not multinomial logistic
regression analyses nor logistic regression analyses where topic
was a predictor. See Figure 6.

Women Seem More Likely to Access

Science Videos for Information Gathering;

Men Access Science Videos for Both

Information Gathering and Entertainment
The reasons given for having accessed the science videos
appear to vary based on gender. Of 34 total videos (categorized

as “science” by the participants) that were listed by male
participants, 38% were said to have been accessed for
entertainment purposes and 53% were said to have been
accessed for information gathering. In contrast, of the 27 total
videos (categorized as “science”) that were listed by female
participants, only 19% were said to have been accessed for
entertainment, whereas 74% were said to have been accessed
for information gathering purposes. We can compare these
values to the other 72 videos that were listed by these same
participants and not categorized as science. The group of men
who had listed at least one science video had also listed a total
of 42 non-science videos (videos that they did not categorize as
science). Of these videos, 55% were said to have been accessed
for entertainment purposes and 31% were said to have been
accessed for information gathering. The group of women who
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FIGURE 6 | Predicted probabilities of listing at least one of each video types.

had listed at least once science video had also listed a total of
30 non-science videos. Of these, 37% were said to have been
accessed for entertainment purposes and 43% were said to have
been accessed for information gathering.

DISCUSSION

I used data from two surveys with non-probability samples to
examine four questions. The first question asked whether it is the
case that men watch YouTube more frequently than women, and
if not, what is the relative importance of gender and what is the
strongest predictor of YouTube use. I did not find resounding
evidence that men watch more YouTube, generally, than women.
Although men reported a slightly higher frequency of using
YouTube, on average, than women when using the Likert-type
scales, their reported data from YouTube shows no clear gender
differences. One possibility for this lack of difference (should
one exist in reality) is that women were less likely to answer
the questions (i.e., report the analytics from their YouTube
account) because they are less likely to use YouTube. Follow-up
analyses, however, do not support this idea. When predicting the
probability of not answering the two items asking participants to

report their YouTube data, only age, education, and self-reported
frequency of use (using the Likert-type scale) were significant.
Indeed, people who reported using YouTube less often weremore
likely to skip those items (past week: b = −0.51, exp(b) = 0.60,
p < 0.001; daily avg: b = −0.48, exp(b) = 0.62, p < 0.001).
Older individuals were slightly more likely to skip those items
than younger ones (past week: b= 0.03, exp(b)= 1.03, p< 0.001;
daily avg: b = 0.03, exp(b) = 1.03, p < 0.001). Furthermore,
people with less education were more likely to skip these items
(past week: b = −0.12, exp(b) = 0.89, p = 0.003; daily avg: b
= −0.14, exp(b) = 0.87, p <0.001). Women were not more or
less likely to skip these questions than men (past week: b = 0.12,
exp(b) = 1.12, p = 0.354; daily avg: b = 0.07, exp(b) = 1.07,
p= 0.586).

Even in the case where gender was a statistically significant
predictor of YouTube use, its relative importance for predicting
use is very low. Figure 3 illustrates this quite clearly. The
strongest demographic predictor of YouTube use was
younger age, but people who identify as Black or African
American also reported greater use. It is important to
keep in mind that only 13% of the participants (n = 205)
reported identifying this way; therefore, these results
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may not be representative of Black/African Americans
more generally. Future studies interested in examining
differences in YouTube engagement based on race and/or
ethnicity ought to oversample from the populations
of interest.

The second question I asked was whether women use the
platform differently (or for different reasons) than men. For the
most part, participant gender did not predict the propensity
of each of the different uses and gratifications of YouTube.
The two primary uses of YouTube were information seeking
and entertainment and the least common use was status
seeking. The only gender difference was in self-reported use
of YouTube for status seeking, with women reporting less use
for this purpose than men; however, this was not a common
reason for YouTube use among either group. Science curiosity
was predictive of each of the uses except for entertainment.
Notably, this is predicting general uses and gratifications of
YouTube and not uses and gratifications of science content
more specifically.

The third question I asked is whether men were more inclined
to watch science and technology video than women. We did
find support for the hypothesis that this is the case. In fact,
small gender gaps exist for self-reported frequency of watching
videos about science and government, medium gender gaps exist
for watching technology videos, and large gender gaps exist for
watching sports videos. There were no situations among those
we asked about in which women reported greater viewership
than men. See Figure 4. This finding is bolstered by participants’
reports of the last three videos in their watch history (from
the YouTube application), at least for technology videos; I
found that men were much more likely to have a video in
their recent watch history that they consider a “technology”
video than women, but this was not the case for science
videos. Women were, however, more likely than men to have
a video in their recent watch history that they categorized as
“health and wellness.” An important caveat here is that we
asked participants to categorize the videos on their own. In the
Supplementary Materials, I provide a table of all of the videos
participants categorized as “Science.” There may be disagreement
among participants (and between participants, scientists, and
science media professionals) as to what ought to be categorized
as science. For example, one participant reported a video he
watched of two cars racing. A couple participants reported
watching videos about UFOs. With co-authors, I’ve explored
a similar question of who people think counts as a scientist
(Suldovsky et al., 2019). Future research ought to follow-up
on what videos lay audiences perceive to be “science content”
and what the implications of that are for science acceptance
and understanding.

The last question I asked is when women do watch science
video, why do they watch them. Descriptively, there do seem
to be differences between men and women in why they
access videos that are consistent with the instrumental vs.
curiosity-satisfying motivations described by Burks et al.
(2017). In this study, women primarily said that they watched

the science videos for informational purposes (74%) with
only 19% citing entertainment. Men were more divided
with about half citing information seeking as a motive
and 38% citing entertainment. Future research ought to
continue to examine gender differences in instrumental
vs. curiosity-satisfying motivations for engaging with
science media.

The purpose of this research was to determine whether such
gender differences exist, but it does not address the reasons for
the observed differences.Women appear to be amissing audience
for science content on YouTube, but why? One hypothesis
is that the characteristics of current science programming
(and maybe even streaming platforms) unintentionally signal
to women that the content (and/or the space) is not “for
them.” Future work can pull from research on stereotype threat,
stereotype fit, and gender schema theory to better understand
the reasons for the gender disparities in engagement with
STEM video on digital platforms. Once these reasons are
better understood, then targeted interventions can be designed
to create informal STEM learning content that reaches more
diverse audiences.
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Why Should Scientists be on
YouTube? It’s all About Bamboo, Oil
and Ice Cream
Eric B. Brennan*

Crop Improvement and Protection Unit, United States Department of Agriculture, Agricultural Research Service, Salinas, CA,
United States

Scientific information is a key ingredient needed to tackle global challenges like climate
change, but to do this it must be communicated in ways that are accessible to diverse
groups, and that go beyond traditional methods (peer-reviewed publications). For decades
there have been calls for scientists to improve their communication skills—with each other
and the public—but, this problem persists. During this time there have been astonishing
changes in the visual communication tools available to scientists. I see video as the next
step in this evolution. In this paper I highlight three major changes in the visual
communication tools over the past 100 years, and use three memorable
items—bamboo, oil and ice cream—and analogies and metaphors to explain why and
how Do-it-Yourself (DIY) videos made by scientists, and shared on YouTube, can radically
improve science communication and engagement. I also address practical questions for
scientists to consider as they learn to make videos, and organize and manage them on
YouTube. DIY videos are not a silver bullet that will automatically improve science
communication, but they can help scientists to 1) reflect on and improve their
communications skills, 2) tell stories about their research with interesting visuals that
augment their peer-reviewed papers, 3) efficiently connect with and inspire broad
audiences including future scientists, 4) increase scientific literacy, and 5) reduce
misinformation. Becoming a scientist videographer or scientist DIY YouTuber can be
an enjoyable, creative, worthwhile and fulfilling activity that can enhance many aspects of a
scientist’s career.

Keywords: science communication, public understanding of science, YouTube, science engagement, visual
communication, story telling, knowledge deficit model, do-it-yourself video making, social media

INTRODUCTION

“Science is guided by its metaphors” (Phillips, 2009).

“Analogy is the motor of the car of thought” (Hofstadter, 2001).

“Video is the next wave, and scientist must be prepared for it” (McKee, 2013).

Scientific information is a key ingredient needed to tackle global challenges like climate change,
health care for all, environmental conservation, and sustainable agriculture. But to do this it must be
communicated broadly and in ways that are accessible to diverse groups (Nisbet and Scheufele, 2009;
Canfield et al., 2020), and that go beyond the traditional methods such as peer-reviewed publications
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(Wilcox, 2012; Brossard, 2013; Eagleman, 2013; Liang et al., 2014;
National Academies of Sciences, 2017). This is perhaps most urgent
in the applied environmental sciences where research results can be
readily adopted by stakeholders and appreciated by the general
public. In this paper I use three memorable items (Figure 1A),
analogies and metaphors to explain why I think that Do-it-Yourself
(DIY) videos made by scientists and shared on YouTube can help in
these efforts. I hope this will convince more scientists like me, with
no formal video training, to start making videos.

This paper expands on a presentation I gave at a large agricultural
science conference (Brennan, 2019a) in a symposium titled ‘Science
Communication Hacks to Increase Public Engagement - Accessible
Tools for Time-Limited Professionals’. When I received the
invitation, I had to look up the definition of “hack”, and the ones
I like best are from the online UrbanDictionary: “a clever solution to
a tricky problem”, and “to modify or change something in an
extraordinary way.” The invitation was a perfect venue for me to
share ideas that I had been mulling over for years as I learned to
make science videos, and navigate the “brave new world of science
communication” (Dudo, 2015).

MY JOURNEY TO YOUTUBE

YouTube was created in 2005. But I believe that my journey to use
videos to share my science on YouTube began in the 1960s–80s
when I was growing up in PapuaNewGuinea, thanks in large part to
my father who worked in linguistics and anthropology. He was an
avid photographer who worked to document and preserve the rich
traditions of the Enga people (Wiessner and Tumu, 2013) whomwe
lived among, and I always enjoyed listening to him tell stories of our
experiences there using 2 × 2 inch slides. That inspired me to begin
my own slide collection as a U.S. Peace Corps volunteer in Thailand
(Brennan, 1990). I was soon using those slides along with my hand

drawings on overhead projector sheets for agroforestry presentations
I gave in Thailand, and in other parts of Asia and Africa where I
worked before graduate school. My slides were essential in the
lectures that I gave as a teaching assistant in graduate school.
Many of my students had not been to the tropics and my slides
allowed me to “take” them there and “meet” the farmers whom I
worked with. In 2000 near the end of my PhD, my wife and I
purchased a video camera when our first child was born. And soon,
in addition to filming our son learning to walk, I was using the
camera to record how leaf waxes affected insect walking (Brennan
and Weinbaum, 2001). That inspired my first science video that I
showed during my final presentation for my PhD.

My efforts and interest to share my science on YouTube began with
a video (Brennan, 2014) on my research on interplanting flowers with
organic lettuce to control insect pests (Brennan, 2013). Imade the video
for the 2013 annual meeting of the American Society of Horticultural
Science that I could not attend. A friend at themeeting ensured thatmy
video was shown in the session where I was scheduled to speak. A
farmer was one of about 20 people in that session and emailed to ask
if it was on YouTube. This motivated me to upload it to YouTube.
Since 2014, this video has received an average of about 3,500 views
annually, and has been joined by 25 other videos which I made that
have received more than 328,000 combined views (Supplementary
Table S1). For comparison, the paper (Brennan, 2013) that my first
YouTube video was based on has only been cited 28 times.

I share this history of my journey to YouTube for two reasons.
First, to illustrate that my passion and motivation for using
effective, modern, visual tools for science communication comes
from years of working with diverse groups—students, farmers,
volunteers, extension agents, university faculty—in many
countries. During this time, I strived to learn how to best
communicate complex ideas about sustainable
agriculture—often in more than one language—to people with
very different educational and cultural backgrounds. And second,

FIGURE 1 | Three memorable items to help remind scientists why Do-It-Yourself YouTube videos are important for science communication (A), and three major
changes in science communications tools from 1920 to 2020 (B).
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to illustrate how DIY science videos on YouTube can substantially
increase the reach of scientific research. These visual tools have
evolved in radical ways over the past 100 years (Figure 1B) (Myers,
1948; Burger, 1958; Shepard, 1987; Ervin, 2003; Velarde, 2019).
The necessary transition from one communication tool to the next
has often been resisted or viewed skeptically by scientists
(DrDoyenne, 2010; Bik and Goldstein, 2013; McKee, 2013,
Chapter 2). However, I consider DIY science videos as a
natural step in this evolution of visual communication tools,
and below I explain this with bamboo, oil and ice cream.

Bamboo Connections to Youtube
Efficient
Tubes are ubiquitous structures in biology because they are an
efficient way to get things done, whether it is moving water via the
tubular xylem in the plants that provide our food, or air to your
lungs via your windpipe and oxygenated blood through your
arteries. Similarly, YouTube is one of the fastest andmost efficient
ways to communicate ideas visually. For example, my first video
on YouTube has been viewed over 20,000 times compared to the
20 views that it received at the conference described above.
Bamboo is one of the fastest growing plants in the world
(Kleinhenz and Midmore, 2001) in large part because of its
hollow tubular stems. The visually attractive, jointed stems of
bamboo can remind us of the efficiency of YouTube as a science
communication tool, in addition to it helping us to learn to do
other important things like how to fix a leaky faucet.

Accessible
Bamboo is often called the “poor man’s timber” because it is an
inexpensive and accessible building material for people with
limited financial resources in many countries (Perez et al., 1999;
Lobovikov et al., 2012; Kumar, 2015). This reminds me of how
YouTube can act as an open-access university where people
worldwide can learn interesting and useful things that otherwise
would be restricted to the few fortunate groups who had an
opportunity to attend university. Even if a scientist’s papers are
not open-access—which unfortunately remains a problem with
publicly funded research—DIY videos can essentially make the
research open-access but in more visually interesting and personal
ways. I believe this will promote inclusive science communication
(Canfield et al., 2020). These videos can also help scientists connect
with and inspire diverse groups of students to become the next
generation of scientists, and help to break down stereotypes of
scientists (i.e., “competent but cold” (Fiske and Dupree, 2014);
“white, old men” (Reif et al., 2020); women “lack the qualities to be
successful scientists” (Carli et al., 2016).

Versatile and Flexible
Of the world’s economically important grasses, none rivals
bamboo in its versatility (Soderstrom and Calderon, 1979). For
example, during my childhood in Papua New Guinea, I saw
bamboo used to carry water and to make woven walls, bow
strings, arrow shafts, smoking pipes, knives, mouth harps, toys,
and even start friction fires. Bamboo’s versatility comes from the
unique shape and structure of its light-weight stems and the
extraordinary physical and mechanical properties of its fibers

that were even used for the filament in Thomas Edison’s
incandescent light bulb (Levy, 2002, p. 124). Porterfield (1933)
wrote that “bamboo is one of those providential developments in
nature which, like the horse, the cow, wheat and cotton, have been
indirectly responsible for man’s own evolution.” Likewise,
YouTube provides scientists with the most versatile and flexible
communication tool ever developed that is only limited by our
creativity. For example, DIY science videos can vary from a basic
screen capture recording of a live conference presentation, up to a
more complex video where a scientist uses a green screen to place
themself in front of visuals (Brennan, 2019d). Moreover, these can
be made with relatively simple and inexpensive equipment and
software (Brennan, 2019c) that is often less than half the price to
attend a professional scientific conference.

Oil Connections to YouTube
Energy & Lubrication
DIY science videos can “energize” the information in our peer-
reviewed publications, and “lubricate” it so that it moves out to
the broader world where it can have far more impact than if it
remains stuck or fused to the library shelves of academia that are
accessible to relatively few. Consider for example the paper
(Brennan, 2013) that my first YouTube video was based on
which has only been cited 28 times. From this record, one
might erroneously conclude that this research has had little
impact, however, the 20,000 plus views and more than
300 “likes” that the video received tells the opposite story.

Flavor
The science literature where we share our “exciting” research with
the world is unfortunately often boring and difficult to read even
by scientists (Sand-Jensen, 2007; Doubleday and Connell, 2017b).
In other words, this literature is often “bloated, dense and so dry
that no amount of chewing can make it tasty” (Doubleday and
Connell, 2017a). However, I like to think of this literature like
overly pungent raw onions that can be transformed into delicious
and inviting food when they are gently fried in cooking oil.

Shine
I have always enjoyed working with my hands to create
something of beauty from rough pieces of wood. One of the
most satisfying parts of this process comes at the end, after
sanding, when oil is rubbed into the wood to bring out the
grain, colors and patterns that are often hidden below the surface.
This is much like how DIY science videos can make our hard-
earned research shine and sparkle in visual ways that go far
beyond what is often seen in our papers.

Ice Cream Connections to Youtube
Tell your Stories
I’ve often wondered when I “became a scientist.” If I had to
choose a milestone it would be somewhere during the process of
writing and successfully publishing my first, lead authored paper
on research that I initiated during my M.S. degree (Brennan and
Mudge, 1998). I call that first paper my “ice cream paper” because
the topic of my paper was a tropical tree that is commonly called
the ice cream bean. Now regardless of whether your first, lead
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TABLE 1 | Important questions to consider when producing Do-It-Yourself (DIY) science videos, and organizing andmanaging them on YouTube (YT). Please email me if you
have other questions that I have not addressed.

Question My suggestions and thoughts

1. Who should make videos for the scientist? The scientist. This will make the videos more personal,
interesting, believable, cost-effective and sustainable. I
am far more relaxed and willing to have fun experimenting
with my communication when I record myself alone rather
than if somebody else is doing this for me. There are not
enough professional video makers to make all the science
videos that need to be made, furthermore there is
encouraging evidence that user-generated science
videos are far more popular than those made by
professionals (Welbourne and Grant, 2016). Basic DIY
video making skills are good to learn just like making
PowerPoint slides was 20 years ago.

2. Who is the target audience for your science videos? This depends on the video. My audience is usually quite
broad (the general public, policy makers, stakeholder
groups like farmers, fellow scientists in my field and in
other fields, neighbors, etc.). To put it bluntly, I want my
research to change the world and for my communication
to build public trust and support for the work (Baron,
2016), and that means I need to reach people other than
just fellow scientists. One way to provide more technical
details for interested viewers is to mention your peer-
reviewed papers during your video and provide hyperlinks
to PDFs of these in the video description. Olson (2018,
Chapter 6) has a good discussion on the need for
scientists to become “bilingual” (i.e., able to communicate
to both broad and academic audiences).

3. What basic features should all DIY science videos include? Descriptive title. Employer logo at the beginning if
applicable. Required disclosures (i.e. equal employment
statement). Manually edited closed captions. Keyword
tags, and a detailed description to increase searchability.
A visually interesting thumbnail that augments the video
title and catches the attention of potential viewers.
Hyperlinks to the scientist’s relevant peer-review
publications.

4. How long should science videos be? Short videos (3–6 min) are ideal (TechSmith, 2020) but
not always possible. I try to keepmy videos below 10 min,
but for longer videos, I add a clickable table of contents in
the video description to help viewers navigate as needed.

5. Where can I get background music for my videos? YT audio library has sound effects and songs that are
royalty free and are often adequate. If a copyrighted song
is used, YT has the right to place an advertisement in front
of the video to monetize the video. If you choose to use
background music, make sure that it doesn’t distract
from your voice narration.

(Continued on following page)
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TABLE 1 | (Continued) Important questions to consider when producing Do-It-Yourself (DIY) science videos, and organizing and managing them on YouTube (YT). Please
email me if you have other questions that I have not addressed.

Question My suggestions and thoughts

6. What basic equipment is needed to make a DIY video? It depends on the complexity of the video. A basic screen
capture/video editor software (i.e., Camtasia) on a basic
computer with a webcam is all that’s needed to make
what I refer to as the “1 Take”, “2 Take” and “Hey-Roll
P-Roll” videos (Brennan, 2019c; Brennan, 2019d;
Brennan, 2020b). Formore complicated videos where the
scientist is on screen more, a DSLR camera on a tripod,
digital audio recorder, and green screen can be helpful,
along with some basic lights.

7. What are some key ingredients and ways to help your science videos succeed? (i.e., be viewed, liked, shared,
commented on, etc.)

Smile if you are on screen; this will help you relax, be more
likable and trustworthy (Jarreau et al., 2019), and make
your audience smile. Use some humor. Avoid jargon and
speaking in a monotone voice. If you use a script, practice
it so that is sounds natural and not like you’re reading. Try
to sound enthusiastic; I find that one of the best ways to
practice this is to get used to talking to yourself. Use
interesting visuals (photographs, video footage, colorful
and simple figures, hand drawings, demonstrations, etc.),
and try this simple method to be on screen during parts of
your video (Brennan, 2020b). Minimize the use of text in
figures and make sure that any text in the video is large
enough to read on a small screen like a cell phone (see
question 22). Use analogies and metaphors to explain
complex ideas. Ice cream (i.e., storytelling) always helps
(see paper for more details). Describe your science in
personal ways. Encourage comments and questions, and
respond to them. Share your videos with people and
groups that might find them interesting and useful. Twitter
is an effective way to increase the impact of peer-
reviewed publications (Luc et al., 2020), and may be a
good way to share and promote your science videos.
Experiment with making different types of science videos
and learn from the feedback you get from viewers.
Hopefully these ideas will help potential viewers Find your
videos, Click to start watching them, and Stick with them
(Foot, 2019). See also question 3 and 4. Maynard (2021)
has other good suggestions to help academic video
makers succeed.

8. Are DIY science videos suitable for all fields of science? Yes, but remember that video is a visual medium, and
therefore effective DIY science videos need interesting
visuals that are easily understood by the target audience;
these visuals will obviously differ in an agricultural science
video vs. an astronomy video. Scientists in some fields
may have advantages over those in other fields due to
audience familiarity and interest in the subject matter, and
whether the video provides information that can be
applied in the viewer’s life. Scientists can use this
information to help prioritize which aspects of their
research to describe in their videos and how to best
engage with their target audience. (McKee (2013;
Chapter 3) and Foot (2019) provide helpful discussion on
issues to consider for your target audience.

(Continued on following page)
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TABLE 1 | (Continued) Important questions to consider when producing Do-It-Yourself (DIY) science videos, and organizing and managing them on YouTube (YT). Please
email me if you have other questions that I have not addressed.

Question My suggestions and thoughts

9. Should DIY science videos be peer-reviewed? No. Science videos should be thought of as recorded
presentations that aren’t peer reviewed. However, it may
be helpful to get feedback from trusted peers who are
good communicators, fellow science videographers,
family members and friends before the video is made
public. I often show a new video at a conference before it
goes public, and make changes based on informal
feedback from the audience, and my observations of the
audience’s response (i.e., Are they bored? Do they ask
questions that show they understood my message?).

10. Should scientists only make videos of their peer-reviewed research publications? No. Scientists often develop novel methods, tools, and ideas
that may not be suitable for publication in peer-reviewed
journals. A DIY video can be a cost-effective, engaging and
simple way to share these with the world. For example, my
most popular video that has received over 203,000 views
describes a novel hoe design that I developed for weed control
(Brennan, 2015). Some of my other videos present novel
concepts on my current research (Brennan, 2018a), and
reenacted discussions with another scientist on interesting
topics (Brennan and Cavigelli, 2014; Cavigelli et al., 2016).

11. How long does it take to make a DIY science video? This depends on the complexity of your video (i.e., does it
just show still images, or also include parts where you are
on screen? Does it have lots of animations?). It also
depends on your experience with the tools, your creative
process, the length of the video, and your tolerance for
imperfection. Learning to make videos takes time, but with
practice you’ll become more time-efficient and hopefully
you won’t let ‘the perfect be the enemy of the good’ (I still
struggle with this issue).The time-investment to learn to
make videos is perhaps the greatest drawback of making
science videos. In general, making a video will take at least
as long as the time required to prepare to present the same
content in a live presentation. Part of the increased time is
because your video should include features that are not
present in live presentations (e.g., closed captions).

12. How many views can I expect on my DIY science videos? This depends on factors such as the video topic and
length, how engaging and interesting it is to a broad
audience, and how effectively it is shared with potential
viewers. The views on a video is one way to measure if the
time investment to make it was worthwhile, but YT
provides video makers with many other analytics (e.g.
average view time, average percentage viewed, etc.) that
may be more meaningful than the number of views. I think
it is reasonable for scientists to expect their videos to get
several hundred to several thousand views over time; this
has been the case for most of my videos (Suppl. Table);
however, videos with practical information or those that
describe how to make something useful to the viewer –
such as the video on the hoe I developed for weed control
(Brennan, 2015) –may get more views, although there are
many examples of interesting science videos with little or
no practical application (e.g., Kurzgesagt, 2015) with
millions of views. Cooper (2020) provides more
information on ways to increase YT views. In any case, it is
difficult to predict a video’s success, so try not to obsess
about the number of views your videos get or the number
of subscribers to your channel, but rather focus on
producing visually interesting and engaging videos that
enhance the communication of your research and your
scientific ideas. See also question 7.

(Continued on following page)
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TABLE 1 | (Continued) Important questions to consider when producing Do-It-Yourself (DIY) science videos, and organizing and managing them on YouTube (YT). Please
email me if you have other questions that I have not addressed.

Question My suggestions and thoughts

13. What type of content is appropriate in a science video? Any content that is appropriate for a general audience and
that will help you to effectively communicate your science
as if you were presenting it via a live public presentation.
However, because the video is available online there may
be restrictions on your ability to use certain types of
content that is copyrighted (e.g., photographs, cartoons,
songs, etc). To avoid copyright issues, I try to only use
content that I create (e.g., photographs, hand drawings,
animations, etc.) or that comes from freely usable media
(Wikimedia commons, USDA’s Image Gallery, etc.).

14. Can I edit the content of a completed video after it is uploaded to YT? Once a video is on YT there are relatively few things in it
that you can edit. For example, if you have a typographical
error in a video you cannot correct this, unless you delete
it (and loose all the views, likes and comments) and
replace it with a new corrected version. However, you can
use the basic editor in YT to cut out or trim sections and
add background music from the YT audio library.
Furthermore, there are many types of information
associated with the video that can be edited including the
following: the video title, description, keywords, thumbnail
and closed captions.

15. How can I make my videos more accessible to people that speak languages other than English? Closed captions can be uploaded for multiple languages
in YT. This video (Louie’s Tutorials, 2018) describes how
to create a draft translation that can then be edited
manually. Keep in mind that automatic translations are
often not accurate. When my videos are shown in
trainings where live translation is provided, I give the
English transcript of the video to the translator in advance
to help them prepare to translate it during the training.

16. What are some resources to inspire scientists to make engaging and visually interesting videos and
presentations?

Articles (Janzen, 1980; Burns et al., 2003; Brigham, 2010;
Wheelwright, 2014; Langin, 2017; Smith, 2018; Finkler
and Leon, 2019; Smith, 2020; Maynard, 2021) books
(Reynolds, 2008; Baron, 2010; Roam, 2011; McKee,
2013; Olson, 2018) blogs (Godin, 2007; Godin, 2019) and
science video tutorial playlists (Brennan, 2020a; Foot,
2020; McKee, 2020). The description for this video
(Brennan, 2019b) has a hyperlinked document that is
updated regularly where you can download many helpful
articles and links to other resources. Fellow scientist DIY
YouTubers (i.e., those who do research, publish it in peer-
reviewed journals, and share it on YouTube) are a
relatively small but growing group that are a great
resource to learn from and share ideas with; Maynard
(2021) highlighted the importance of sharing and
promoting the YouTube videos of fellow academics to
help ensure that they are seen by others and to grow this
important community of practice.

(Continued on following page)
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TABLE 1 | (Continued) Important questions to consider when producing Do-It-Yourself (DIY) science videos, and organizing and managing them on YouTube (YT). Please
email me if you have other questions that I have not addressed.

Question My suggestions and thoughts

17. Where should DIY science videos be located on YT? On a YT channel managed by the scientist who made the
video andwho is responsible for adding the basic features
in #3, moderating and responding to comments, and
creating playlists of related videos. This will save time,
maximize viewer engagement, and increase channel
security. This channel should contain all the scientist’s
videos during their career regardless of where they work.
The institution where the scientist works could create
playlists for individual scientists that hyperlink to specific
videos from their work at that institution. Alternatively, the
institution could have a web page with hyperlinks to all the
individual scientist YT channels.

18. Where should multi-authored videos be located? Only at the channel managed by the primary scientist who
made the video. This video can be part of a playlist that is
created on the channel of other scientists that helped
make the video.

19. Is there a charge to put videos on YT? No. YT is a free online video sharing platform that has
been owned by Google since 2006.

20. Should viewers be allowed to post comments on DIY science videos? Yes. Viewers appreciate the opportunity to comment and
ask questions (YouTube Creators, 2017). This increases
public engagement and provides valuable feedback to
the scientist. However, the scientist responsible for the
video should moderate and approve appropriate
comments in a timely manner before they are made public
to screen out comments that have inappropriate
language or content (YouTube Creators, 2019).

21. Does it take longer to present the same information in a live presentation or in a video? Live presentations are usually a much less time-efficient
way to deliver content than would occur with a video. This
is because with video you have more control of your time,
narrative and visuals, and can carefully make it in a more
relaxed setting than if you are presenting live. This is why I
usually use a video to deliver my content for my
conference presentations. This leaves about half of the
presentation time for Q&A and interaction with the
audience after I show the video.

22. Can I post videos on my YT channel that are not publicly viewable? Yes. When you upload a video to YT you can choose if it
will be public or not and modify this at any time. This is
helpful if you want to send a colleague a private hyperlink
to review a draft video. Then after you make changes you
can upload the corrected version and make it public.
Uploading a draft video is a great way to check that all the
visuals in it (including any text) are legible on small screens
like cell phones.

(Continued on following page)
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TABLE 1 | (Continued) Important questions to consider when producing Do-It-Yourself (DIY) science videos, and organizing and managing them on YouTube (YT). Please
email me if you have other questions that I have not addressed.

Question My suggestions and thoughts

23. When should scientists begin making DIY videos for YT? Ideally, soon after they start publishing their research.
Learning to make science videos during graduate school
would be a great way to highlight your science
communication and teaching skills as you enter the job
market. As noted in question 17, the channel you create
and manage that hosts your videos will then remain with
you as you progress through various positions in your
career. Fortunately the Sagan Effect – “the perception that
popular, visible scientists are worse academics than
those scientists who do not engage in public discourse”
(Martinez-Conde, 2016) – appears to be waning.

24. What type of analytics can I get for my YT videos? YT provides many different types of analytics on the
channel and specific videos that can help the channel
manager learn about their videos and viewers, and that go
far beyond the publicly available analytics (total views and
likes) (Suppl. Table). For example, the channel manager
can see the video watch time, the average percentage
viewed, who is watching the videos (age, gender,
geography), what type of device they were viewed on, etc.

25. Should recorded presentations from science conferences be placed on YT? Yes. This will allow the presentations to be closed
captioned so that they are accessible to people who are
deaf or hard of hearing. Keywords and a description can
also be added that will increase the ability of the video to
show up in online searches. This type of video is what I
refer to as a “1 Take video” and is the simplest type of
video for scientists to create for YT because the video is
simply a recording of the slides and the audio track that
was done live at the conference (Brennan, 2019d).

26. How can DIY videos on YT affect a scientist’s engagement with journalists? DIY videos can improve scientist-journalist relationships
by providing more interesting and accessible information
than is available in peer-reviewed papers. For example,
when I get inquiries from a journalist I often suggest that
they watch some of my YT videos before we talk. This
saves me time and allows us to have a more meaningful
conversation. Several of the stories that journalists have
done on my research are based on information in one of
my videos (Johnson, 2016; Isaacs, 2020). In other cases
journalists have invited and worked with me to modify the
narrative in a video for a story in their publication (Brennan,
2018b).

27. Is YT a “silver bullet” that will automatically improve science communication? No. Poorly done videos can be as worthless as “death by
PowerPoint” presentations that unfortunately are common in
science conferences. However, making DIY science videos
andposting themonYTwill often lead tobetter communication
because 1) the viewer can replay parts of the video as needed,
2) the scientist can watch and reflect on their communication
skills and learn to improve, 3) the scientist will likely put more
effort into science communication if they know it will be
accessible worldwide on YT, and 4) viewers and the scientist
can engage with each other through comments on the video.
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authored science paper was on dung beetles or intestinal
parasites, I will still call it your “ice cream paper.” I hope that
the ice cream connection to YouTube will also be memorable
simply because ice cream is such a delicious dessert—although I
suggest you serve it to your viewers throughout your videos. In
any case, what has always concerned me about my “ice cream
paper” is that it did not allow me to share the interesting and
somewhat serendipitous story that inspired me to study that
amazing tree. This is a common issue with much of the peer-
reviewed literature, not just our “ice cream papers”. And that is
where video can help.

DIY videos provide scientists with an opportunity to tell the
stories behind their research. This can add valuable artistic and
human touches to the work that make it and the scientist more
accessible. This is in keeping with the compelling title and
message of the first book I read on science communication
“Don’t be such a Scientist” (Olson, 2009). Perhaps after people
learn about the stories and serendipity (Meyers, 1995) in our
research, they’ll muster up the courage to wade, or dive into the
gory details in our papers and find the valuable nuggets that are
often hidden so well in our statistical analyses and dry language.
One of my lofty goals is to produce at least one video that
describes some broadly interesting aspect or story behind each
of my papers. Perhaps the video on my “ice cream paper” will
start like this: “You’ve probably heard of the story of Jack and the
Bean Stalk, right? Although I didn’t like reading as a kid, that story
was one of my favorites because I loved to climb trees and garden.
But, I want to tell another story that I call “Eric and the Ice Cream
Bean”. It started on a warm summer day on the North Shore of
Oahu, Hawaii, about 30 years ago when I looked in a garbage
can. . ..”My gut feeling is that this video will radically increase the
potential impact of the research in my “ice cream paper” that has
only been cited seven times in the peer-reviewed literature even
though I’m arguably one of the world’s “experts” on the science of
clonal propagation of ice cream bean trees.

CONCLUSION

I hope that the metaphors and analogies I used will help you
understand and remember why and how scientists can radically
improve science communication by making DIY videos that are
shared on YouTube. While there have been many calls for better
science communication (Bragg, 1966; Janzen, 1980; Royal Society,
1985; Baron, 2010; Brigham, 2010; Kahan, 2010; Wilcox, 2012;
Wheelwright, 2014; Baron, 2016; Langin, 2017; Olson, 2018),
unfortunately, the problem persists. This is partly because most
scientists lack training in effective science communication
(Brownell et al., 2013; Simis et al., 2016) and often see it as a one-
way transfer of information (Davies, 2008) not a dialogue. The
problem is exacerbated by myths (Burke, 2015) and
misunderstandings (Varner, 2014; Simis et al., 2016) among
scientists about public understanding of science, such as the
knowledge deficit model of science communication. This alluring
model assumes that people are skeptical about scientific issues
(i.e., vaccines, climate change, GMOs) because they lack knowledge
or understanding, and that providing them with knowledge will

change their thinking, or simply put “To know science is to love
science” (Turney, 1998). DIY science videos are not a silver bullet that
will automatically solve these communication problems, but perhaps
they will help us to focus and reflect more on our science
communication skills and approaches as we watch our videos and
work to improve. Self-reflection is an often overlooked yet primary
benefit of DIY video making (McCammon, 2014).

Are you ready to take the bold step ofmakingDIY science videos for
YouTube? I hope so, but I also understand why youmight be reluctant
(i.e., lack of time and equipment, lack of interest, institutional barriers,
fear of failure, etc.). To help you understand these and potentially
become a scientist videographer (McKee, 2013) – or scientist DIY
YouTuber – I addressed several important questions and concerns that
you might have (Table 1). I also created a growing series of videos
(Brennan, 2020a) that explain the basic tools that I use, different types of
videos that you canmake from simple to more complex, resources that
have inspired me, and my video making process.

Making interesting and engaging DIY videos is a worthwhile
time investment if you consider how it can radically increase the
impact of your research. Furthermore, these videos are an
excellent way for scientists to have a voice online to increase
scientific literacy, meaningful engagement and help to reduce
misinformation that is increasingly prevalent (Menezes, 2018)
and often propagated on YouTube (Basch et al., 2015; Allgaier,
2019; D’Souza et al., 2020; Tokojima Machado et al., 2020) and
other social media platforms (Thaler and Shiffman, 2015). Online
videos may make you vulnerable to more criticism (and praise)
than typically occurs with other forms of science communication.
This will challenge you to improve in surprising ways, and
develop new persuasion skills (Hornsey and Fielding, 2017)
that could benefit other aspects of your career (writing,
teaching, live presentations, grant writing, etc.). Keep in mind
that making science communication videos is a journey, not a
destination. So have fun experimenting and being yourself as you
find your voice on YouTube.

Speaking of fun, I believe that DIY science video making should
be enjoyable, as you can see in some of the unorthodox approaches I
use in my videos. In a recent study, Besley et al. (2018) investigated
what motivates scientists to engage with the public, in other words
“what gets scientists out from behind their computer screens and lab
benches.” What they found made me smile because it agrees with
what motivates my DIY video making efforts. The most consistent
predictors of engagement in the study were the beliefs that the
scientist would enjoy the experience and that it would have a positive
impact. This type of research is critical to improve science
communication engagement, and address barriers to participation
(Poliakoff and Webb, 2007; Ho et al., 2020).

Learning to make science videos has been one of the most
rewarding, creative, and satisfying activities that I have done as a
scientist because it makes me feel that the science I love doing is
worthwhile and is having a much greater impact than my peer-
reviewed papers alone could achieve. I admit that my advocacy
for YouTube as a science communication tool is somewhat
surprising given that I grew up in a country without
television. But it makes sense because this format has allowed
me to share my passion for science, and make connections
and engage with diverse groups of people around the world
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from elderly neighbors and local farmers, to students from
elementary school to university, and childhood friends from
the other side of our planet. I hope it has similar benefits for
you. If these thoughts help nudge you to make science videos,
please contact me so that I can be one of the first to subscribe to
your YouTube channel.
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Potentials and Limitations of
Educational Videos on YouTube for
Science Communication
Sarah Kohler1* and Tabea Clara Dietrich2

1Department of Science Communication, Karlsruhe Institute of Technology, Karlsruhe, Germany, 2Institute of Communication
and Media Studies, Leipzig University, Leipzig, Germany

YouTube has become a complement learning platform which fosters learning on demand
with educational videos. Educational videos are understood as a fruitful strategy to
enhance the user’s knowledge and are applied in schools, as well as in science
communication, e.g., to inform about climate change. This paper discusses two
perspectives which become visible in the current research literature on educational
videos on YouTube. First, studies assume that watching educational videos changes
the attitude or behavior of the recipients. Second, studies question whether educational
videos have a higher impact than other information materials such as texts. We frame both
perspectives with regard to theories from media effect studies and learning concepts from
education science and discuss their conclusions for educational videos on YouTube. We
will first focus on students as a target group for educational videos, but in the further
course, we will discuss the results for the public as targeted group of science
communication as well. In the final section we will summarize which potentials and
limitations educational videos have for educational purposes in science communication.

Keywords: science communication, educational videos, online videos, youtube, knowledge gap, learning styles

INTRODUCTION

Educational videos and educational television have a long tradition in explaining complex
information in kindergartens, schools, and higher education (Choat, 1982; Choat, 1983;
Forsslund, 1991; Kearney and Levine, 2019). Nowadays, online videos are also a tool for science
communication. Many educational videos on a wide range of topics are uploaded on video platforms
to inform not only students but also the public. One of the most prominent platforms is YouTube,
which states to have two billion assigned users and one third of all users in the Internet (YouTube,
2020a). YouTube has become very popular for educational videos and has been established among
students as a complement learning platform which fosters learning on demand (Rat für Kulturelle
Bildung, 2019). Moreover, many people use YouTube as a source of information about issues
concerning science, technology, and medicine (Allgaier, 2019). The advantage of online videos lies in
their versatility: “Science online video has adopted many different styles, formats and genres, creating
a variety of categories that are difficult to classify and that have virtually no creative limits” (León and
Bourk, 2018, 1). Therefore, educational videos can be understood as a powerful tool to enhance
people’s knowledge. Especially YouTube with its accessibility and low barriers functions as
transmitter of scientific knowledge.

In the following, we use the terms science communication and educational videos to describe
online videos with scientific content from any subject which aim to describe complex issues and
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information for the target group of students. We define any video
which focuses on any scientific topic as science communication
independent of whether the video is produced professionally or is
based on user-generated content. In contrast to Welbourne and
Grant (2016, 710), the videos do not necessarily have to be
considered as a form of science journalism or be understood
“as the activities of professional communicators (journalists,
public information officers, scientists themselves)” (Treise and
Weigold, 2002, 311). Instead, science communication can also
be conducted by lay people and passionate amateurs
(Welbourne and Grant, 2016, 707; Nisbet and Scheufele,
2009). Further, science communication includes all forms of
communication focused on scientific knowledge or scientific
work, both within and outside institutional science, including
its production, content, use, and effects (Schäfer et al., 2015,
13). If science videos on YouTube are overtly didactic or
instructional and explain single aspects from any
educational context, we define these as educational videos.
Likewise, educational videos can be understood as a type of
science communication which transfers scientific knowledge
in layman terms.

Metag (2017, 256) stated that there are hardly any theories
which formulate assumptions for science communication only.
Usually, other media effect theories which have already been
proven or which are popular in media effect studies are applied to
science communication as examples of use. Therefore, we suggest
that studies on educational videos often tackle the effect from two
perspectives and frame both perspectives with theories from
media effect studies and education science.

The first perspective emphasizes quality aspects within the
videos. Studies have e.g., analyzed the quality of educational
videos especially on scientific (e.g., Coates et al., 2018) or
medical topics (e.g., Azer 2012; Yavuz and Genc, 2019; Abrar
et al., 2020) or whether videos on YouTube reached their target
groups for a specific content (Daun, 2018). Another assumption
linked to this type of research is that if the quality is enhanced, it
will improve recipients’ understanding, or liking, of the video, or
even change their attitude or behavior (e.g., Shoufan 2019a;
Shoufan 2019b) pointed out that the explanation quality and
factors such as presentation, content, efficiency, voice, and
interestingness are relevant to rating educational videos. This
kind of research asks how to reach the audience and whether the
exposure of the stimulus might have an impact. Speaking of the
impact of the stimulus, we see parallels from research on
educational videos to the knowledge gap hypothesis (Tichenor
et al., 1970). Both assume that the stimulus has an impact on a
broader target group and can overcome differences in people’s
knowledge. The knowledge gap hypothesis has shown that the
gap increases between people with higher and lower
socioeconomic status and education (Tichenor et al., 1970,
159f.). Therefore, we question which implications we already
know from this perspective for educational videos.

The second perspective investigates the comprehensibility of
videos compared to other media such as texts or subtitles (e.g.,
Tarchi et al., 2021). The assumption is that specific media fit
better in terms of comprehension and understanding for different
recipients. Such effect studies analyze which individual

predisposition might influence the effects on individuals. In
this case, we see parallels to research on media and education
and apply another classical approach of this research, namely the
learning style model VARK (visual, aural, read/write, kinesthetic)
(Fleming and Mills, 1992; Fleming, 2001). VARK is used to
analyze students’ success and effort in class (Prithishkumar
and Michael, 2014). Therefore, we question whether learning
styles can provide insights on the success of educational videos.

In this contribution, we will discuss potentials and limitations
of educational videos based on the implications of the mentioned
theories. Our research questions are: What do we already know
about the impact of educational videos from both perspectives,
and, based on this, which potentials and limitations do
educational videos have for science communication with
educational purposes? We will first focus on students as the
target group of educational videos. In the final section, we will
discuss our theoretical considerations for other users as well and
summarize the implications of educational videos for science
communication with educational purposes.

EDUCATIONAL VIDEOS AND YOUTUBE

In this section, we will describe the development of educational
videos and the specifics of YouTube as a video sharing platform.
Further, we will explain how research on educational videos often
discusses the effect from two perspectives.

Teachers have introduced educational videos and television in
their classes more than forty years ago, whichmeans that research
on educational videos and television hits the same age (Choat,
1982; Choat, 1983; Forsslund 1991). This research already
pointed out that educational television cannot replace real-life
experience, but it can function as an aid for teachers and as a
component of the school curriculum (Choat, 1982, 186).
Kittelberger and Freisleben (1994, 7) have shown that audio-
visual media are more important than other teaching media in
terms of their role as a leading medium, arguing that they can be
regarded as a tool for the efficient communication of teaching
content. They predicted accurately more than 25 years ago that
audiovisual media will play a more important role in further
education in the future, because creative, process-oriented, and
active forms of learning will gain in importance. If student
commitment, active learning, and cognitive load are
considered, videos are indeed an effective educational tool
(Brame, 2016, 1).

Since social media platforms like YouTube offer the possibility
of easily sharing information with other users, online videos are
also considered accessible tools for distributing scientific
information to the general public (Young, 2008; Thelwall et al.,
2012; Sugimoto and Thelwall, 2013). The characteristics of
YouTube foster educational videos, as it is easy to upload and
share new content (Chintalapati and Daruri, 2017, 853). Non-
institutional educational videos on YouTube have become
substantial in students’ learning processes. Annual media usage
studies conducted in Germany have shown that the use of
educational videos among 12–19 year-olds has increased in the
past years: In 2016, 10 percent (n � 1179) stated to be using
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YouTube, which increased to 18 percent (n � 1200) in the year
2019 (mpfs [Medienpädagogischer Forschungsverbund Südwest],
2016; mpfs [Medienpädagogischer Forschungsverbund Südwest],
2019). These numbers illustrate not only the demand for
educational videos but also the provided range of educational
videos on online platforms like YouTube.

In this context, it is noteworthy that the producers of videos
have shifted from professionals to users generating content
(Welbourne and Grant, 2016, 707) including even lay people
in a spirit of a “Do It Yourself” ideology (Jenkins, 2006): “We live
in a time of change . . .where citizens are adopting a more active
role in all areas of social action, including science” (León and
Bourk, 2018, 2). In this case, lay people function as self-declared
experts in educational videos which means that not all videos
might meet high didactic standards or are even based on school
curricula (Wolf, 2015, 30; Kim, 2012). This might also affect the
quality of content (Akgun et al., 2014, 116).

The success of non-institutional YouTube channels and videos
underlines the necessity of complement learning platforms. To
give an example, one of the most successful German YouTube
channels of educational videos with more than 350 million views
in total is “simpleclub” (TheSimpleClub, 2019). These videos
offer a wide range of subjects including mathematics, chemistry,
history, and many more. The founders of simpleclub had the idea
to create educational videos when they were in 11th grade and
were looking for educational videos for themselves. In their
opinion, the content and presentation of the uploaded videos
were boring and bland, therefore, they started to make their own
to help others (Girgla, 2019). They stated that they were trying to
explain things as if they explained them to a friend (Becker, 2016).
Likewise, there are other successful YouTube channels with
educational videos for different school subjects from other
countries, e.g., the United States-American YouTube channel
“CrashCourse” has a total of 11.6 million subscribers (YouTube,
2020b). In general, YouTube among students is associated with
fun (Davis et al., 2020). Further, the barriers to use YouTube are
merely low: The language can be adapted, sometimes there are
even subtitles. Independent of time and space, it is easy to watch
educational videos whenever and wherever. Moreover,
educational videos support the autodidactic skills of the users
because these can watch the videos whenever they want, as often
as they want, and get further information on the chosen topic in
the form of other suggested videos. Educational videos are usually
just a few minutes long and can only tackle single and simple
aspects which can be explained within a few minutes
(Kulgemeyer, 2018). The producers of the channels rather
tend to make a series of short movies than one video which
lasts as long as a lecture at school. This means that, most likely,
entire curricula from school will never be displayed on YouTube
completely.

YouTube has become a source of information about issues
concerning science, technology, and medicine (Allgaier, 2019).
Amongst others, studies on educational videos on YouTube have
investigated whether watching a specific video might enhance the
users’ knowledge, attitude, or even behavior. Daun (2018) assert
that educational videos on YouTube reached their target groups
for specific content such as nutrition and food. Godwin et al.

(2017) pointed out the “educational” potential of YouTube
videos. They analyzed comments on a video on schizophrenia
and summarized that a video “can be widely viewed as a unique
educational tool that virally spreads knowledge” (Godwin et al.,
2017, 825). They also emphasized that users wanted to educate
themselves voluntarily via the video. Other studies investigated
whether the quality of educational videos on YouTube fits to high
standards especially on scientific (e.g., Coates et al., 2018) or
medical topics (e.g., Azer, 2012; Azer et al., 2013; Azer, 2020).
Yavuz and Genc (2019) figured out that over 50 percent of the
educational videos on orthodontics have an excellent general
information content and significantly higher interactions with
recipients than others. Abrar et al. (2020) developed and
evaluated educational videos on diabetic foot care and also
found significant improvement in people’s knowledge. The
mentioned research is just an example of many studies which
follow a surprisingly simple linear and causal assumption:
Increasing information will lead to increasing knowledge.

On the other hand, research on educational videos has also
investigated differences between videos, textbooks, or other
learning resources such as online learning platforms (e.g., Kim
et al., 2020) and discussed the content and the usefulness of the
materials for the learners. Although textbooks seem to be
students’ primary choice for learning (Baudains et al., 2013),
educational videos seem to have more advantages. Azer (2014)
evaluated the clarity, quality, and percentage of content
committed to cardiovascular mechanisms of medical
textbooks, eMedicine, and YouTube videos. He emphasized
the usefulness of YouTube videos especially for students in
self-regulated learning programs. Malhotra and Verma (2020)
and Golchai et al. (2012) found that multimedia presentations or
E-Learning tools improve the learning outcome of students
compared to traditional teaching methods. Flores et al. (2013)
compared textbooks and digital animation in a video. In their
study, students assessed the quality of both information materials
and evaluated videos to be superior to textbooks. All these studies
have in common that they show an overall effect of videos being
superior to other learning resources.

TWO PERSPECTIVES ON EDUCATIONAL
VIDEOS

We suggest that research on educational videos on YouTube
tends to question the impact of the videos from two perspectives.
In the following, we will discuss both and the parallels with
classical theoretical approaches which have shed light on the
potentials and limitations of videos.

What We Have Learned From Knowledge
Gap Hypothesis
Knowledge gap hypothesis fits quite well into research on
educational videos. The American educational children’s
television series Sesame Street is an example that is often used
to explain the hypothesis. Sesame Street was developed to
overcome differences between children with a lower and a
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higher knowledge (Kearney and Levine, 2019, 318). Sesame Street
has tried to catch the attention of children through the use of
formal creative means in order to impart knowledge in a playful
way (Ball and Ann Bogatz, 1972). Thus, Sesame Street can be
considered one of the first audiovisual mediations on educational
topics that are not of school nature. The first assumption resulting
from knowledge gap hypothesis was similar to that resulting from
the current research on educational videos: More information will
increase knowledge.

Knowledge gap hypothesis has shown that the growth of
knowledge varies. The heterogeneous distribution of
knowledge results from the heterogeneous socioeconomic
status of the recipients. The status includes the factors formal
education level, occupation, and income, or a combination of all
three (Bonfadelli, 1994, 95). The population segments with a
lower socioeconomic status do not remain completely
uninformed. Yet, compared to those with a higher
socioeconomic status, their knowledge growth is significantly
lower (Tichenor et al., 1970; Bonfadelli 1994, 92): “As the
infusion of mass media information into a social system
increases, segments of the population with higher
socioeconomic status tend to acquire this information at a
faster rate than the lower status segments, so that the gap in
knowledge between these segments tends to increase rather than
decrease.” (Tichenor et al., 1970, 159f.). Figure 1 shows the
growing knowledge gap. The gaps are small at the beginning,
yet there are large gaps between high, medium, and low
educational levels at the end.

The knowledge gap occurs in heterogeneous population
groups, whereas in homogeneous population groups, there
are rarely any knowledge gaps (Wirth, 1995, 5). Research
which aims to analyze the differences between groups has
taken into account the knowledge gap hypothesis. Hwang
and Jeong (2009) stressed the negative effects, e.g., a
perpetual knowledge gap in the health sector might lead
to health inequalities which can affect necessary preventive
measures like cancer screening. They found that neither time

nor varying levels of media publicity changed the gap. Tran
(2013) examined how socioeconomic status influences
individual news usage (traditional and online) and
knowledge about public affairs. Boukes and Vliegenthart
(2019) investigated the influence of different modalities of
e.g., television news, newspapers, and news websites on the
knowledge gap by means of a panel survey with repeated
measurements of current affairs. The reception of news has a
positive effect on knowledge acquisition, yet does not
necessarily depend on the level of education.

What We Have Learned From Learning
Styles Models
In this section, we would like to add another perspective.
Educational videos on scientific topics try to explain complex
information understandably for their users. In this context,
learning processes and learning preferences play a crucial role.
According to this, research has to discuss users’ preferences and
predispositions.

The assumption that each student learns differently has
become a prominent pedagogical issue in the past decades
(Hawk and Shah, 2007, 1), which is why many learning style
models have been developed (Truong, 2016, 1187; Dağ and
Geçer, 2009). Learning style can be conceptualized as part of a
broad concept of personality (Hawk and Shah, 2007, 2) or
even as an individual’s characteristics (Fleming, 2001, 1).
According to Ocepek et al. (2013, 346), learning styles
reflect “an application of cognitive, epistemic, and thinking
styles in the process of learning”. This means that learning
styles as part of the personality and cognitive processes could
be quite stable predispositions. Indeed, theories differ as to
whether learning preferences might change over time
(Truong, 2016, 1186) or might be affected in cause of
developmental disabilities (e.g., Orban et al., 2018).
Othman and Amiruddin (2010, 653) indicate learning
styles as a technique which also interacts with its
environment. Fleming (2001; Fleming and Mills, 1992) has
developed the learning style model VARK which is based on
sensory perceptual modes. VARK focuses on instructional
preferences as the “preferred ways of gathering, organizing,
and thinking about information” (Fleming, 2001, 1). The
acronym VARK stands for Visual (V), Aural (A), Read/
Write (R), and Kinesthetic (K): Visual learners prefer any
visual information such as maps, graphs, different colors, and
pictures. Aural learners like to listen and to explain, to discuss
topics with others. Read/Write learners prefer texts and lists,
and taking notes. Kinesthetic learners like to try things they do
not understand, laboratories, recipes, and solutions to
problems, and hands-on approaches (Hawk and Shah,
2007, 7). Learners can have preferences for more than just
one way (Ocepek et al., 2013, 348), yet the dominant learning
style is the learning mode (visual, aural, read/write,
kinesthetic) which is selected more frequently (Ocepek
et al., 2013, 346). VARK has become quite popular in
educational research and was applied in many studies
(Othman, 2010). VARK is used to analyze students’ success

FIGURE 1 | Growth of knowledge gap (adapted from Bonfadelli and
Friemel (2017), 242).

Frontiers in Communication | www.frontiersin.org May 2021 | Volume 6 | Article 5813024

Kohler and Dietrich Potentials and Limitations

235

https://www.frontiersin.org/journals/communication
www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


and effort in class (Prithishkumar and Michael, 2014) or the
effect of learning styles in mobile learning (Li and Yang,
2016). Klement (2014) examined whether the preferred
learning styles might shift depending on the school subject.
Although some subjects had clear preferences (e.g.,
kinesthetic and sports education or informatics), the other
subjects always had components for visual and aural learners.
Huang (2019) investigated whether learning styles might
affect problem solving creativity, and found that visual
learners performed better on both text- and image-based
questions.

Since the Internet provides users and students the
possibility to learn flexibly and autonomously (Boer et al.,
2011, 727), studies also concentrate on the relationship
between learning styles and online environment. Numerous
studies have demonstrated that videos can be a highly effective
educational instrument (e.g., Allen Moore and Russell Smith,
2012; Kay, 2012; Lloyd and Robertson, 2012; Rackaway, 2012;
Hsin and Cigas, 2013; Stockwell et al., 2015). Yang and Tsai
(2008) investigated how learning preferences differ if students
have to learn with videos. Kurilovas and Juskeviciene (2015)
analyzed in a study how virtual learning environments such as
Moodle work in favor for the different learning styles and
established interconnections between learning activities (e.g.,
view photo, view picture, record and listen to lectures. . .) and
applications which are provided by Moodle (e.g., video viewing
tools such as YouTube and Live-Streaming, picture
repositories, audio recorders, . . .). They linked YouTube on
Moodle with the learning activity of viewing videos (visual
learning style) but also with the learning activity of viewing the
demonstration of a procedure. The latter was combined with
the kinesthetic learning style (Kurilovas and Juskeviciene,
2015, 1383). This approach is quite similar to the approach
by Ocepek et al. (2013). The authors examined students’
preferences for multimedia types (e.g., animations and video
material, audio learning material, . . .) and different learning
styles. The results showed that students commonly use videos,
but if they have a dominant visual mode, they use animations
and video lectures more frequently than others (Ocepek et al.,
2013, 348).

VARK simply asks for learning preferences and implies
neither skills of the students nor their intelligence. It rather is
a method that is part of the individual’s personality.
Therefore, VARK does not refer to types of people but to a
stable set of learning preferences. Although it might be
obvious that especially individuals with a dominant visual
learning style benefit from educational videos, even
kinesthetic learners could consider videos as useful as long
as procedures (e.g., experiments) are shown. Azer (2012)
stated that studies are needed which investigate whether
students are able to differentiate between reliable and
unreliable online resources. This fits into concepts of
media literacy and information literacy. Kingsley et al.
(2011) also emphasized the importance of information
literacy. Their results showed that students have “neither
the skills nor the training to locate, evaluate, and retrieve
evidence-based information” (Kingsley et al., 2011, 6).

Therefore, information-seeking behavior and learning
might affect each other (Borgatti and Cross, 2003).

In the further course, the theoretical background serves as
reference to determine the relevance of the chosen
perspectives for the acquisition of knowledge through
educational videos.

POTENTIALS AND LIMITATIONS OF
EDUCATIONAL VIDEOS

In the previous sections, we have discussed the effect of
educational videos from two perspectives. The first one
focused on the differences between groups and their different
effects, the second one underlined differences between
individuals.

Educational Videos and Their Impact on
Groups
Knowledge gap hypothesis has shown that different knowledge
acquisition processes occur in groups with heterogeneous
socioeconomic status. Yet, when it comes to educational
videos on YouTube, of course, neither occupation nor income
might be appropriate to rate the socioeconomic status of students.
Instead, we suggest taking other factors into account to define the
social status of students: Communication skills, existing
knowledge, and social contact. These factors might explain the
effectiveness of media effects (Tichenor et al., 1970, 162). In the
following, we utilize these factors to discuss the potentials and
limitations of educational videos.

Communication skills refer to the ability to understand
complex information more easily (Bonfadelli et al., 2008, 12)
and can be based on e.g., the level of education (Tichenor et al.,
1970). It can be assumed that reading and comprehension skills
for students which are in the same school class are similar to each
other (e.g., Kingsley et al., 2011). Therefore, a potential of
educational videos on YouTube might derive from the similar
knowledge of the students who are addressed equally with
educational videos. The research on educational videos has
also showed that, in general, educational videos are a well-
perceived learning resource (e.g., Yavuz and Genc, 2019; Abrar
et al., 2020). Aldallal et al. (2019) found that educational videos on
YouTube function as learning resource for oral surgery by fourth
and final year dental students. The success of the educational
videos might derive from the similar communication skills of the
students. In this case, educational videos are more effective if
groups are homogeneous in terms of the educational level.

The factor existing knowledge refers to the amount of
information people have already received on a certain topic
(Tichenor et al., 1970, 162). It points into a similar direction
as communication skills if we assume that the educational level is
an equivalent to existing knowledge. Students with prior
knowledge have developed advanced schemes that simplify the
interpretation, storage, and retrieval of new information (Markus
and Zajonc, 1985; Wicks, 1992) which increases the motivation in
learning new information. If this is considered as an indicator
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between groups, students with a higher prior knowledge will gain
more insights than those without and will benefit more from
educational videos. As educational videos tend to be rather short,
YouTube channels like simpleclub or CrashCourse create video
series on specific topics. Watching the next video deepens the
students’ understanding. Yet, compared to those who fail to
understand the information, the gap of knowledge will
increase. Knowledge gap hypothesis points into the same
direction as it emphasizes that less educated people do not
remain uninformed but simply need more time to build up
knowledge (Tichenor et al., 1970, 160). We conclude that
educational videos might have a greater impact on students
who already have a prior knowledge on a specific topic and
who deepen their knowledge with more videos. Just watching one
video to gain permanent knowledge might not be sufficient.

The third factor social contact asks whether users have social
contacts which reinforce the information. We differentiate
between situations in which educational videos were included
by teachers in classes and educational videos on YouTube. The
main difference lies in the context situation and voluntariness. In
the first case, videos are probably implemented by the teacher
either as supplement or as a method (e.g., with so-called flipped
classrooms). In such a situation, students have the possibility to
discuss the given information with teachers and other students.
Yet, if educational videos are watched by students on their own,
the possibilities to talk immediately to others are limited.
YouTube offers a section where users can comment on the
video, e.g., with other users, or producers, and where they can
send feedback or request other topics. Anyhow, the asynchronous
communication cannot be compared to the communication in
classrooms. We conclude that educational videos are more
efficient if people can discuss them with others. We assume
that the commentary function will not be sufficient for this
experience. Therefore, educational videos might only work in
favor for those who are able to discuss the content of the video
with others.

Educational Videos and Their Impact on
Individuals
The VARK model has pointed out that individual differences
have an influence on how information are processed. It can be
used to explain why learning success might differ between
individual students. In this case, the preferred learning style
has an influence on how information in educational videos are
processed. Although it seems obvious that individuals with a
dominant visual learning style might benefit from educational
videos and aural learners from spoken explanations in the videos,
research has shown that also kinesthetic learners draw advantages
from videos as long as procedures or experiments are shown.
Since the majority of people have more than just one learning
preference, online videos become a powerful instrument for
scientific topics (Metten et al., 2016). Thus, in general, there
seems to be a great potential for educational videos on YouTube
as several learning preferences benefit from the audiovisual
presentation. Yet, only those will be exposed to educational
videos who know how to search for information and,

therefore, they might be affected. Just applying web
applications or tools like YouTube does not include an instant
improvement of the learning process (Kurilovas and Juskeviciene,
2015, 1384). We assume that the impacts of educational videos
differ depending on the individuals’ media literacy and
information seeking behavior (Borgatti and Cross, 2003).
VARK shows that students who know their dominant learning
style choose fitting learning techniques. Speaking of educational
videos, e.g., visual learners would rather choose YouTube to
receive information while read/write learners would consult
Wikipedia. Research which analyzes which information
stimulus might be more efficient to gain more knowledge, e.g.,
text or videos, does not take into account individual learning
preferences. We assume that if students choose their preferred
information stimulus voluntarily, the success of educational
videos will be stronger for those who are more prone to use
audiovisual information. In this case, the question is not whether
enhancing the quality will enhance peoples’ knowledge but
whether the individual will fit to the visual presentation.

It is necessary to differentiate educational videos which are
integrated in classes at school from educational videos on
YouTube. Usually, the latter like videos from simpleclub do
not belong to educational institutions and cover only some
single aspects which might be part of the curriculum at
school. This means that there is no obligation for students to
watch educational videos on YouTube in contrast to educational
videos which are implemented by the teacher in class. Even more,
learning itself consists of an individual process and is the sole task
of the individual (Kerres, 2018, 273). For this process, several
requirements have to be met: Individuals must be able to reflect
their own deficits, they need to know how they encounter this,
and they have to be willing to do something about it. The first part
might be the difficult one as it requires a lot of self-reflection by
the student and of one’s own learning process. Students need to
know what they have to learn and which aspects are relevant to
improve their own learning process. This describes information
seeking as a result which derives from the discrepancy between
the perceived level of information and the perceived need for
information which means that the information is also rated on its
usefulness (Bonfadelli, 2017, 92). Students need to know how to
increase their knowledge, they must be aware that there are
educational videos on YouTube, they must be able to search
for them, decide for one and, finally, they must be willing and
motivated to watch them.

DISCUSSION

In this final section, we will discuss our assumptions on the
potentials and limitations of educational videos for science
communication. If science communication uses science videos
for educational purposes such as informing the public, our
assumptions might also be transferred to the success of science
communication.

Based on the definition by Schäfer et al. (2015, 13) in which
science communication includes any form of communication
focused on scientific knowledge or work, both within and outside
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of institutional science, educational videos which explain single
aspects of scientific topics are understood as science
communication. Likewise, science videos can be understood as
educational videos. Regarding to this, the aim of science videos is
to inform, teach, or educate the public. This means that the
producers of a video seem to assume that the potential users have
deficits referring to scientific questions. Hence, educational
videos are subject to the paradigm of public understanding of
science (Weingart, 2003, 116). Users suffer from deficits but are
able to enhance their knowledge with the usage of videos. The
deficit model implies additional aspects which are also visible in
educational videos. It is unidirectional and asymmetric
(Bonfadelli, 2017, 85). Thus, if research questions how science
videos enhance the knowledge of users or use textbook knowledge
to measure the impact of scientific information (Priest, 2013), it
surprisingly follows a quite old-fashioned understanding of a
stimulus-response model. In this case, neither the accessibility of
information nor the circumstances of the target group are
considered although the characteristics of groups or individual
preferences or predispositions lead to different outcomes, e.g., are
more or less successful. Educational videos at school might not
work for every student, the same is true for science videos on
YouTube: ‘one fits all’ cannot be applied to science videos.

The concept of the public understanding of science also
assumes that the communicating party has a superior
knowledge which is to be transferred to the laypersons.
This might be one major flaw as in the case of science
videos, there is no guarantee of the communicating parties’
expertize. In fact, the actors can be lay persons themselves
and pretend to have knowledge. Or even worse, the
communicating party seems to be an expert yet
disseminates false information (ZDF [Zweites Deutsches
Fernsehen], 2020). According to this, two aspects need to
be discussed when research analyzes science videos: How
users interpret the expertize of the actors and the content of
the video. This is highly correlated with the situation of media
usage. We suggest two scenarios. The first one describes a
situation where others disseminate the video content, e.g.,
similar to teaching staff who include videos in classes, friends,
or family, or other institutions disseminate the video. Here,
others have selected and evaluated the video in terms of
quality which might positively affect the users’ perception
of the quality as well. Other people function as an additional
controlling authority since they choose educational videos to
be suitable as learning aid and fitting element to everyday life.
While teachers play a crucial role in the learning process
(Othman, 2010) in general, peer groups influence their
members, too. The social status of the peer group might
become relevant, as we have discussed that differences in
social status result in different knowledge acquisition
processes. If research tackles such questions, it should
discuss whether the users come from a homogeneous or
heterogeneous group. The second scenario describes a
situation in which users watch science videos alone. Again,
we would like to emphasize that several prerequisites must be
met for someone to watch a science video: The user has to be
aware of his/her own deficits, must be willing to tackle the

deficit, and has to know how to do this. In this case, the
understanding of science communication shifts rather into a
direction where concepts such as uses and gratification (e.g.,
Bonfadelli and Friemel, 2017, 79ff.) and information seeking
(Atkin, 1973) work as approaches to explaining why and how
users respond to a particular need for information. As we
have explained, it is likely that users try to use the sources
which are in favor with their own learning style preferences.
Users with a read/write preference will probably search for
text-based information (Wikipedia, books. . .) while users
with a visual preference will more likely choose videos.
Still, it is unclear how they will judge the quality and
expertize of the content and the actors. We have
summarized that previous research on science videos has
examined esthetics, design, and content as indicators of
quality and, therefore, of the success of a video. We
suggest that other factors are important. YouTube statistics
of each video might function for users as an indicator of
quality: The more views, the more likes, the higher the
quality. In this case and as we already pointed out, it is
probably difficult for users to judge whether the actors in
the videos are experts or not or whether the content itself has
a high quality. YouTube metrics such as likes and views are no
indicators of quality, rather they are indicators of the
channel’s popularity or likeability with the actors
(Kulgemeyer, 2018, 11). Regarding this, the characteristics
and environment of YouTube might lead to misconceptions.
Although YouTube has become a complement platform for
learning, it is first and foremost known as a platform for fun
and entertainment. Yet, rating a music video with “likes”
shows rather subjective enjoyment of the users than objective
judgement of the quality. It seems to be crucial that users
know how to select the “right” videos and to reflect and judge
the content and source of information. These highly complex
decisions can of course be addressed in learning
environments such as schools (Kulgemeyer, 2018, 9).

Therefore, in the further course, concepts like digital divide
andmedia literacy should be considered. Both question how users
search for information and rate the source of information. This
will clarify whether some users gain more knowledge than others
which is in line with the rationale: Information technology, and
the ability to use it and adapt it, is the critical factor in generating
and accessing knowledge in our time (Castells, 2010, 93).

We have emphasized that the situation in which science videos
were chosen and watched by users might be important. For this
reason, we assume that research which focuses on single aspects
of quality will not be sufficient if it is conducted as a study in an
artificial environment like labs or experiments. It will be biased
because the situation itself obliges one to watch the video.
Indicators of how and why users have selected specific science
videos will not be revealed. Research in science communication
could address this issue with studies which examine the user
groups and predispositions of the users e.g., whether they are
mostly visual learners or are able to reflect their own learning
process and potential deficits.

Finally, we would like to ask how to measure the success of
videos if we only focus on circumstances but not on the

Frontiers in Communication | www.frontiersin.org May 2021 | Volume 6 | Article 5813027

Kohler and Dietrich Potentials and Limitations

238

https://www.frontiersin.org/journals/communication
www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


content or design of the science videos. Science
communication tends to measure the effectiveness and
outcome of videos based on textbook knowledge (Priest,
2013). In regard to the knowledge gap hypothesis, science
communication research also has to reflect whether to choose
cross-sectional or longitudinal studies. The first study design
might rather reveal differences between individuals based on
predispositions, the latter is able to clarify changes between
groups over time.

The aim of this paper was to describe the potentials and
limitations of educational videos on YouTube for science
communication. We have shown that both social status and
individual predispositions influence the outcome of
educational videos. For future research in science
communication, we suggest to take these considerations into
account more strongly. Educational videos on YouTube might
function as a tool to disseminate scientific information. Anyway,
the platform itself, the users’ situation in media usage, preferences
and literacy, social status and peer groups are able to influence a
potential outcome.
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“Maybe a Long Fast Is Good for You”:
Health Conceptualisations in YouTube
Diet Videos
Mu-Chi Chiu1† and Bart Penders2*†

1Health Food Innovation Management Programme, Campus Venlo, Maastricht University, Maastricht, Netherlands, 2Department
of Health, Ethics and Society, Care and Public Health Research Institute (CAPHRI), Maastricht University, Maastricht, Netherlands

In this paper, we study which health conceptualisations are promoted or supported by
intermittent fasting, no-carb-no-sugar, and endomorph Diet YouTubers and how they
relate to existing definitions of health. In order to openly understand how YouTubers
present health concepts, we will study health conceptualisations in YouTube diet videos
qualitatively, through the use of thematic analysis. We identify five main themes: weight
management, prior dietary awareness, diet literacy, quality of life, and the satisfaction of
functional needs.We find that YouTubers substitute theWHO’s pursuit of a complete state
of well-being by an implicit, tacit version of new health concepts. The tacit form allows them
to stay practical and to focus on real-world dietary concerns, such as answers to the
simple question “what should I eat to stay healthy?”. Diet YouTubers do not, however,
neatly position themselves within existing health conceptualisations and they offer views on
health that move beyond “formal” conceptualisations, including self-inspection, timing,
preparation and planning and context-design. Differing from the universal definitions of
health, the Diet YouTubers we studied target specific audiences with their presentations of
healthy eating.

Keywords: health, healthy eating, health definitions, youtube, diet videos, intermittent fasting, low carb, endomorph

INTRODUCTION

Social media and online video platforms have become crucial channels to access health-related
information (Fergie et al., 2016; Heathcote et al., 2018), including the video-sharing platform
YouTube. YouTube does not produce content itself but provides users means of distributing theirs
and provides an online space for a participatory culture (Harmer 2010) and the popularity of the
platform suggests a huge potential for knowledge distribution. In fact, after Google, Youtube has
become the second-largest global search engine (Gupta et al., 2017; Allgaier, 2020).

YouTube videos are known for their entertainment value, but increasing amounts of professional
information health-related topics are finding their way onto the platform (Fernandez-Llatas et al.,
2017; Heathcote et al., 2018), provided by both professionals and amateur video-producers. The
assessment of online health information (including but not limited to YouTube) is a fast-growing
area of study (Sampson et al., 2013), yet in the light of the sheer amount of health communication
online, communication via YouTube is understudied (Allgaier 2020). However, video quality varies
and the biomedical content is often misrepresented (Allgaier 2019). YouTube also contains a
worrying amount of (health) misinformation (Loeb et al., 2019; Madathil et al., 2015), and most
studies target the quality of information offered–with much new research appearing on the quality of
information on the Covid-19 pandemic and connected vaccination initiatives (Basch et al., 2020; Li
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et al., 2020). Our focus is on diet videos. Here too, YouTube plays
a significant role in the communication and dissemination of
dietary health information and weight loss (Cerri et al., 2012).

Diet video makers speak of health continuously, yet what they
exactly refer to is unclear. The World Health Organisation
(WHO) defined health as “a state of complete physical, mental
and social well-being and not merely the absence of disease or
infirmity” in 1948 (WHO 2006). This expanded view, diverting
health from diagnosis only, has nonetheless been widely
criticised, especially with respect to the word “complete” in
relation to well-being, risking medicalisation and
overtreatment, selecting against those with disabilities and
being impractical and immeasurable (Huber et al., 2011).

Alternative notions of health have been proposed in response,
including Leonardi (2018) describing health as “the capability to
cope with and to manage one s malaise and well-being
conditions”. Huber et al. (2011) proposed Positive Health as
the ability to adapt and self-manage physical, mental and social
health, while Lerner (2019) describe health as a balance between
ability and goals in their OneHealth perspective. This balance is
subject to continuous change: a dynamic state (Bircher 2005).
Additionally, the Trans-Domain Model of health (TDM), applies
to physical, mental and social health domains. TDM is based
upon Positive Health, but with some adaptations: first, a standard
level of biological functioning and adaptation, suggested as
physical health would include allostasis. Second, a standard
level of cognitive-emotional function and adaptation advised
as mental health, would include a sense of coherence. Third,
differing from Positive Health, a standard level of interpersonal
functioning and adaptation, proposed as social health, includes
interdependence (Manwell et al., 2015).

Regarding healthy eating (and dieting), additions have been
proposed. For instance, Hansen and Thomsen (2018) review
three dominant definitions. First, healthy/unhealthy eating:
consumers might believe that unhealthy food intake might be
balanced out by healthy food intake. Second, mind/body healthy
eating: food-related health as a balance between physical and
mental health, including emotional well-being. Third, healthy
eating guidelines: consumers’ beliefs that they are prone to be
unhealthy if they do not conform to official dietary guidelines
(Hansen and Thomsen 2018). Other authors highlight barriers
such as cost, food preparation, eating habits and self-control, in
contrast to motives, such as losing weight, looking attractive,
staying healthy and feeling better (Michaelidou et al., 2012; Mete
et al., 2019). Basch et al. (2017) have studied diet videos, in line
with research proposed here, but focus on weight loss as a single
category and do not specify how uploading consumers
conceptualise healthy living.

Despite growing numbers of diet videos, how multifaceted
views on health have found their way into YouTube diet videos is
unknown. Some studies target specific issues, such as perceptions
of obesity (Yoo and Kim 2012) or dental health (Gao et al., 2013)
in YouTube videos, yet studies of dietary health
conceptualisations are lacking.

In this article, we ask which health conceptualisations are
promoted or supported by a specific group of YouTubers and
how they relate to existing definitions of health discussed above.

In this modest pilot, we focus on intermittent fasting (IF), no-
carb-no-sugar (LC) and endomorph (EM) diets. In order to
openly understand how YouTubers present health concepts,
we will study health conceptualisations in YouTube diet videos
qualitatively, through the use of thematic analysis.

METHODS

We selected the top ten diets according to Google Trends 2019
(see https://trends.google.com/trends/yis/2019/). These are 1)
Intermittent fasting, 2) Dr. Sebi, 3) Noom, 4) 1,200 calories, 5)
Golo, 6) Dubrow, 7) Sirtfood, 8) No carbs no sugar, 9)
Endomorph and the (10) Jlo diet. On January 15, 2020, we
identified the most ten viewed YouTube videos in each of
these ten diets and URLs for each video were documented.
Search results were tabulated and screened and non-English
and duplicate videos were removed. Videos that appeared in
multiple searches were assigned manually and videos that did not
actually discuss the search term diet were removed. Fifteen videos
(eleven duplicated and four non-English) were removed and
replaced by another video further down the list of search results.

For all 100 videos, the number of views and comments and
video length were documented. All videos were categorised
according to origin: consumer videos (amateurs and/or
individuals with no discernible professional credentials),
professional videos (experts and/or with established
organisational affiliations), television clips, internet-based
commercial clips (clips marketed for commercial activity) and
government videos (by any government agency) (Basch et al.,
2015). Results are listed in Supplementary Appendix 1.

We purposefully selected three diets (thirty videos) for
subsequent qualitative thematic analysis: intermittent fasting,
no-carb-no-sugar and endomorph. Despite having distinct
names and labels, a lot of the top-10 diets are quite similar.
We have selected those three diets with the most distinct nutrient
composition or strategy to facilitate the largest span of health
conceptualisation in our analysis. Initial screens of the videos
revealed a diverse pallet of arguments and positions. In academic
literature on these diets, IF claims improved body composition,
metabolic health (Horne et al., 2015; Tinsley and La Bounty 2015)
and cognitive ability (Mattson and Arumugam 2018; Mattson
et al., 2018; Leclerc et al., 2019); LC suggests to help with sleep and
diabetes, reduce risk factors for heart disease and reverse the
epidemic of obesity (Hite et al., 2011; Daneshzad et al., 2020); and
EM tailors specifically to people’s body types and physique
(Bolonchuk et al., 2000). All thirty videos were transcribed
verbatim by MCC.

We performed a thematic analysis in which the qualitative
data itself guides the production of the thematic frame, with a
predetermined focus on health conceptualisations through the
inclusion of health concepts as sensitising concepts. For the final
analysis, we interpreted results in the light of existing health
conceptualisations, as introduced above: TDM, OneHealth,
Positive Health and the WHO definition of health. We
performed thematic analysis as informed by Braun and Clarke
(2006). After we observed that most videos take up a lecture
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format, ranging from slides with voiceovers to taking heads, only
sometimes interrupted or assisted by graphics and video
fragments, we chose to focus our analysis on the transcripts of
the videos. For more information about the audiovisual
presentation in the selected videos, see Supplementary
Table 4. First, we actively identified patterns and exploring
potential codes in the course of the video transcription. Next,
transcripts were coded for specific themes, drawn in part from an
integrated understanding of health from available literature.
These themes were identified on the “manifest level” which
could be read in the transcripts, and on the “latent level”
which meant the themes were generated inductively from the
transcripts. In the final steps, all themes were refined and given
labels that reflect health concepts as displayed in or by the
YouTube diet videos. The final coding tree is listed in
Supplementary Appendix 2.

RESULTS

We identify five main themes: weight management, prior dietary
awareness, diet literacy, quality of life (QoL), and the satisfaction
of functional needs (SFN), of which two, QoL and SFN are only
discussed by IF and LC YouTubers.

Weight Management
Across all diets, YouTubers consider weight loss critical to achieve
overall health. They consider adaptability in diets and appetite
management to be the crucial elements to success in weight
management and stress the importance of physical activities as
complementary to achieving health.

Nine YouTubers across three selected video sets claim that
weight loss and muscle growth are personal goals which could be
achieved by dietary change and appetite management, with fat
loss mentioned specifically. Two EM YouTubers promote a
calorie deficit to lose fat:

“In order to burn fat, you will have to be in a caloric
deficit.” (9-4_69-70) “The best way to lose fat is to put
yourself in a caloric deficit.” (9-6_39-40)

Four YouTubers (2 IF, 1 LC and 1 EM) highlight adaptation to
dietary changes and indicate that adaptability is crucial to achieve
personal goals. They encourage their audiences to make dietary
changes based upon physical condition and identify this ability to
adapt as an indicator to achieve overall health:

“If you want to build muscle, then you have got to adjust
the diet. If you want to lose weight, you can adjust the
diet. If you want to treat type 2 diabetes, you have to
adjust what you are doing.” (1-10_759-761)

Three IF YouTubers consider appetite management as the key
for weight loss. One of them shares that arranging all meals
within 8 h makes her full all the time in the feeding window:

“By doing intermittent fasting, I could actually see a
reduction in my overall appetite because of my three
meals all within the 8 h period. I would be quite full the
whole time. So, I can see how it really helps people who
need to lose weight because they can also eat less by
skipping a snack.” (1-5_183-189)

Finally, five IF and EM YouTubers state that people can gain
or lose weight easily depending on how they structure both
their diet and training. They consider an appropriate
combination of diet and workout important to achieving
health. One emphasises that diet is more important than
training for weight loss:

“Success for an endomorph comes more from diet than
weight training specifics.” (9-10_19-20)

Prior Dietary Awareness
Awareness of one’s dietary status before any dietary change is
explicitly valued across all videos. Most of the YouTubers talk
about the connection between the identification of existing
dietary patterns and weight management in a multifaceted
way. For instance, three IF and LC YouTubers refer to current
eating situations, such as existing eating disorders. Two of them
share personal experiences with eating disorders and how they
benefit from IF and LC diets. One reports that she has a history of
bulimia, and stresses the value of research before adopting any
new diet:

“At first, I was actually very hesitant to try because of
my eating disorder history. I do not know if I want to
put restrictions on my normal diet again. However, my
snacking has been getting really out of hand. [. . .] Thus,
after research, I finally decided to give it a try [. . .].” (1-
5_35-39)

LC and EM YouTubers urge people to be conscious about the
quality and quantity of their intake, even when they are doing a
healthy diet:

“You can think you are eating healthy food, but you still
need to track andmake sure you are not eating an excess
because you will keep body fat on you if you are in a
caloric surplus.” (9-3_72-74)

This can take the form of a formal plan. Two LC and EM
YouTubers emphasise the significance of and adherence to diet
plans for improved health. Adherence to the diet plan is a way to
build active dietary awareness:

“Diet is the key to endomorph bodybuilding success.
[. . .] Quantity is more of a problem than quality even if
you want to eat reasonably healthy as well. Most
importantly, you need a diet plan to stick to.” (9-
10_10-15)
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Four IF and LC YouTubers expand this awareness to include
context. For instance, they explain that a diet is beneficial for
some, but not necessarily suitable for everyone:

“If you are 400 pounds and type-2 diabetes, maybe a
long fast is good for you. If you are 150 pounds in all
muscle and you are worried about performance
athletics, the five days fast is not necessarily good for
you [. . .]. So, there is a lot of context.” (1-10_255-259)

Dietary Literacy
Almost all YouTubers assume that their audiences are not
familiar with “their” diets. They begin by introducing
themselves and then explain why they want to talk about a
specific diet, after which they give a little information on the
diet itself. Most of the information they provide is related to
weight loss, but they stress that awareness of a diet’s features is
important to achieve health in general: dietary literacy.

For instance, four YouTubers across the three diet video sets
emphasise the intake of natural and wholesome food. One
underlines that wholesome ingredients help losing fat faster.
Another YouTuber, however, encourages the audiences to
focus on the natural and unprocessed food while adding high-
calorie foods and high-fat foods:

“While the diet should be focused around natural and
unprocessed foods, adding in some higher calorie foods
and higher fat foods can help the ectomorph to increase
their caloric intake for muscle growth.” (9-2_49-52)

Two LC YouTubers repeatedly mention a balanced diet. One
of them stresses that the balanced diet is much more significant
than weight loss. She argues that losing weight should have an
additional impact on a healthy lifestyle. She argues that if LC
made people weak, she’d recommend against it, even if it resulted
in weight loss:

“I saw the results. They were nice. Yes, I lost weight, but
I could not even fully workout. (. . .) Eating a healthy
balanced diet and workout, weight loss will be a side
effect of a healthy comfortable lifestyle.” (8-2_233-238)

Three IF and LC YouTubers highlight the importance of
choosing a diet one can sustain. Sugar withdrawal could cause
suffering, making it (too) hard to maintain. Six IF and LC
YouTubers talk about psychological and physical side effects
from adapting to a new diet. They report feeling weak, tired,
upset, angry, and headaches. Two of them claim that an addiction
to a certain food is the reason why people can get angry and upset:

“Not only do you get a headache, but you feel like you
are in an alternate reality or universe, like you do not
feel like yourself. Then, you realise that you are addicted
to sugar.” (8-1_117-119)

“Why is sugar so addictive? Sugar activates the reward
system in your brain that gives you happiness, makes

you feel really good and drugs like cocaine and nicotine
do activate the same system as well.” (8-8_16-18)

Quality of Life
Essential features diets are highlighted by IF and LC
YouTubers through the prism of QoL. For instance, an IF
YouTuber argues that food enjoyment is a critical factor to
consistently follow the diet. She shares that consuming her
favourite food makes herself adhere to the diet plan effortlessly
and that food hedonism helps to stick to the diet plan and thus
contributes to overall health:

“I could still eat what I want during the 8 h. I personally
think fasting is much easier to stick to and more
sustainable in the long term.” (1-5_218-220)

Next to enjoyment, satiation serves a similarly critical role. By
consuming high fibre vegetables and good fat, two YouTubers
state that people could stay in satiety for a long time. They argue
that physical satisfaction is a necessity for health maintenance:

“Youmay want to have some vegetables that have a little
bit more fibre because it is going to allow you to stay
satiated for a longer period of time.” (1-6_111-114)

IF YouTubers regularly speak about fasting and the hunger
and hunger pains it can induce, especially in the first days of
fasting. Five IF YouTubers state that they get used to hunger and
change their routines as time goes by. Two other IF YouTubers
hypothesise that hunger might come from mental boredom:

“I was not even hungry because I was so busy at work. I
think a lot of time to have hunger during your class just
comes from mental boredom, your body is actually
doing okay.” (1-5_202-203)

Next to the physical sensation of food, three IF YouTubers
indicate the value of flexibility. The ability to flexibly arrange diet
plans, flexibly arrange meals and meal times would allow an IF
diet to actually fit into people’s lives:

“People need to think for themselves and do trials on
themselves, like take this information and customize it a
little bit to their own lifestyle and needs.” (1-
10_764-766)

Where in IF, timing matters most, in LC the qualities of the
foods were seen as a potential bottleneck. Two LC YouTubers
repeatedly emphasise the significance of food availability and
food preparation in advance:

“I find that meal prepping, in general, is really
important. If you have prepared food already
available to you, you are much less likely to break
your diet and snack on something that does not fit.”
(8-2_32-34)
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Satisfaction of Functional Needs
IF and LC YouTubers offer a variety of statements about
functional needs, referring to personal demands and goals.
Through dietary changes, the YouTubers want to either
improve their health or satisfy specific personal needs, such as
improved cognitive activity, sustained energy, to reduce insulin
resistance:

“We know that intermittent fasting improves mental
clarity because insulin levels are low.” (1-3_76)

“If you learn to watch out for excess sugars in foods that
you eat every day all the time, then, you will probably
notice that you start to feel so much better, you will have
better sustained energy, you will not have many sugar
crashes.” (8-4_192-195)

Three IF YouTubers describe that slowing ageing is one of
their health goals. According to these YouTubers, fasting evokes
an autophagy process which helps people get rid of the old cells
and improve the cholesterol profiles. The YouTubers consider
reducing the speed of ageing as a health achievement by a diet:

“Autophagy is the process where old cells are replaced
by newer cells and it consolidates them into stronger,
more powerful efficient cells. So, making your skin glow
better, making you live longer (. . .).” (1-6_97-99)

Somewhat closer to home, in dietary terms, three IF
YouTubers claim that the digestive system would be overtaxed
by whole-day long food consumption. In their videos, they
explain that when it does not function properly, the body
cannot intake nutrition from food, while fasting - and IF in
particular, would improve this. The same goes for insulin
resistance:

“When you do a low carb diet, you fix insulin resistance.
When you fix insulin resistance, you allow the body to
absorb nutrients way more nutrients.” (8-5_47-51).

DISCUSSION

The videos in this study were collectively viewed over 68 million
times at the time of analysis. In them, we have identified five key
themes to health conceptualisation: weight management, prior
dietary awareness, dietary literacy, QoL and SFN. The weight
management focus allows diet YouTubers to position health as an
achievable goal, a view that aligns with Positive Health’s
capability to adapt and self-manage and TDM’s standard level
of functioning and adaptation (Huber et al., 2011; Manwell et al.,
2015).

The Diet YouTubers in our analysis also stress the importance
of assessing one’s own eating behaviour and promote self-
awareness when it comes to choosing a diet. They invite their
audiences to become both dietary aware and dietary literate,
beyond a focus on exercise (Basch et al., 2017). In the process of
doing so, they argue that to some extent they perceive health to be

the critical capacity to know about one’s body and context, which
approaches notions of Locker and Gibson’s positive health-
conscious decisions that prevent disease and promote wellness
(Locker and Gibson, 2006). However, conscious decision-making
is not the same as dietary self-awareness, since the latter may not
lead to the former.

Innovatively, our YouTubers emphasise timing. Timing
positions flexibility in life as an IF requirement, which not
only enables healthy decision-making, but is also a crucial part
of retention success. However, this aspect of health
conceptualisation has not been proposed in other studies. Such
flexibility extends beyond timing. YouTubers stress food
hedonism and satiety, since IF permits their favorite food
when timing allows it. These all align with notions of QoL,
sensory experiences and joy of life (cf., Bardehle et al., 2016).
IF YouTubers position food hedonism as contributing to diet
adherence, again under the banner of self-management and
adaption (Huber et al., 2011). Similarly, hunger management
contributes to health, as a form of managing malaise and well-
being (Leonardi, 2018).

LC YouTubers see weight management as a reflection of an
individual health status and the LC diet as an approach to
achieve personal goals. They stress the value of setting an
achievable goal, congruent with OneHealth (Lerner, 2019).
The withdrawal of sugar and carbohydrate, critical to LC, can
lead to several side effects. Managing these side effects, similar
to hunger management in IF, stressing the capability to
manage malaise and well-being (Leonardi, 2018).
Discussions of food preparation suggest that planning, such
as preparing food well in advance, is a method to reduce the
barriers to healthy eating. While such advance arrangements
can be understood as management and adaptation techniques,
they are not usually discussed as such in literature on health
and health conceptualisations.

EM YouTubers mainly discuss physical activity and
nutritional intake and encourage their audiences to choose a
suitable workout program based on ability and persistence
(Lerner, 2019). EM YouTubers interact more with their
audiences. They upload videos in response to audiences’
questions. Questions deal mostly with weight and physical
activity. The correlation between the numbers of views and
numbers of comments is relatively strong in EM videos (see
Supplementary Appendix 1) and we hypothesize that audiences
impact how EM YouTubers conceptualise health in their videos.

Diet YouTubers in our analysis do not use existing
conceptualisations of health explicitly. We observed no explicit
references or mentions. Rather, they relate to wider social and
scholarly movements around how to understand health.
Accordingly, they align themselves with various contemporary
definitions of health such as Positive Health, OneHealth or TDM
far more than with the original WHO definition of health. This
fits the preventative instead of a curative role generally assigned to
diet and nutrition. Existing developments in shifting health
conceptualisations align with the results presented here.

Diet YouTubers in our analysis do not, however, neatly
position themselves within these conceptualisations and they
offer views on health that move beyond “formal”
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conceptualisations. Furthermore, even within notions such as
adaptability, self-management and matching goals and
capabilities, they forward relatively unique dimensions. When
it comes to dietary awareness and dietary literacy, diet YouTubers
invite their audiences into explicit self-inspection not only about
their health status, but also about what they love to eat. They
allow room for manoeuvring within existing health
conceptualisations and point it out explicitly. Similarly,
planning and preparing food in advance is positioned by LC
YouTubers as a way to help design one’s surroundings: to make
the healthy choice the easy choice.

Our diet YouTubers substitute the WHO’s pursuit of a
complete state of well-being by an implicit, tacit version of
new health concepts. The tacit form allows them to stay
practical and to focus on real-world dietary concerns, such as
what to eat, how to prepare for meals and how to interweave a life
and a diet, a form of dietary internet pragmatics (Xie et al., 2021).

Our YouTubers’ conceptualisations of health are intricately
connected to their own health literacy. However, the interactions
between YouTubers and audiences (primarily in the EM video
set) means that they respect the knowledge and position of their
audiences. Given that most of our understanding of dietary and
health literacy is based upon “older” media and older models of
knowledge exchange and dissemination, new platforms such as
YouTube, force us to rethink how such literacy is reached, used,
and how it develops. We can further learn from the specificity of
Diet YouTubers’ approach to health conceptualisation. While
some of them aim to convince people to adopt the diet they are
promoting, most speak to an audience already committed to their
respective diets. As a consequence, they do not seek out to convey
population-wide dietary advice but rather speak to a specific
subgroup in a language that they understand and forward health
issues and strategies that resonate with them, instead of pursuing
general credibility (Penders, 2014).

This pilot study has a number of limitations worth identifying
explicitly. First, we focussed on only three of the top-10 diets and
included only English-language videos. Each of these selections

limited our sample and thus the variety of health
conceptualisations we could observe. Second, we focussed only
on the content of the videos, their producers’ conceptualisations
of health, not the viewers’ perceptions or interpretations. These
warrant a study of their own, which would require consultations
of these viewers. Finally, by focussing our thematic analysis on
concepts of health, various other motivations to participate in
dieting have been actively backgrounded in this analysis.
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Using Video to GiveMore Effective and
Engaging Science Talks
Eric B. Brennan*

Crop Improvement and Protection Unit, United States Department of Agriculture, Agricultural Research Service, Salinas, CA,
United States

Science presentations at conferences are an important way that scientists share exciting
research discoveries. Some presentations are informative and engaging, but unfortunately
many are not. This article describes a novel method (Video Let’s Talk, VLT) for more
engaging and effective science presentations, where the presenter 1. makes a video that
fills half of the presentation time, 2. shows the video in lieu of a live presentation, and 3.
spends the remaining time engaging with the audience. The benefits and challenges of the
VLT method are described along with tips on how to do the VLT well. These insights are
based on the author’s experience giving numerous VLT presentations to scientists,
farmers and other groups over the past seven years. The VLT method is timely
considering how the COVID pandemic has forced scientists to learn new skills in do it
yourself (DIY) video making in order to participate in virtual conferences.

Keywords: science communication, conference presentations, oral presentation skills, public understanding of
science (PUS), video making, audience engagement, outreach and education

INTRODUCTION

When I go camping with my family, I often joke that our oatmeal smells like bacon. It’s not because
we’re cooking bacon, but because the odor of sizzling bacon drifts over from nearby campsites as
we’re eating our delicious oatmeal for breakfast. I’ve never been a big fan of bacon, but many people
are, which is why the bacon, lettuce and tomato (BLT) sandwich is one of the most popular
sandwiches in the United States. And that brings me to the focus of this perspective article . . . the
“VLT” that stands for Video Let’s Talk or Video-Let-us-Talk (Figure 1A). It’s a novel method of
science presentation that I’ve developed and experimented with for several years, long before the
COVID-19 pandemic forced many science meetings to go virtual, and skills like DIY video making to
become more important.

I did my first VLT presentation at the Tri-Societies annual meeting (Brennan, 2014). It worked so
well that I’ve used this method for all my presentations at subsequent scientific meetings (Brennan
and Cavigelli, 2014; Brennan, 2015; Brennan, 2016; Cavigelli et al., 2016; Brennan, 2017a; Brennan,
2017b; Brennan, 2018a; Brennan, 2018b; Brennan, 2018c; Brennan, 2019b; Brennan, 2019c; Brennan,
2019d; Brennan, 2019e; Brennan, 2019f) (Supplementary Table S1). Furthermore I co-organized a
symposium that required this format (Tri-Societies, 2016); based on feedback andmy observations, it
was one of the most engaging symposiums that year.

For decades, frustrated and concerned scientists have written about the poor quality of
presentations at science conferences (Janzen, 1980; Pickett et al., 1991; Brigham, 2010;
Wheelwright, 2014; Langin, 2017). One of my favorites begins with: “I am sitting in the 11th
incredibly boring 30 min “paper” in 2 days, nodding my head in somnambulistic time, drowsily
wondering how we are going to break this cycle”(Janzen, 1980). And a more recent one starts with:
“Attending talks at professional meetings is like playing a slot machine: sometimes you win big, but
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too often the result is disappointment” (Langin, 2017). In the
37 years between these examples, the visual presentation
tools that scientists use have changed radically–from
35 mm slides and overhead projectors to electronic slides
in PowerPoint–but what I fear has not changed is the ability
of too many science presentations to bore or put their
audience to sleep. I’ve seen this frequently, and as an
audience member I unfortunately often find myself more
amused by the nodding heads in front of me than by the gory
details of the “death by PowerPoint” format that often
contributes to this. I believe that the VLT method might
help to end this pandemic, and if it succeeds, perhaps VLT
could also stand for Vaccine for Lamentable Talks.

BENEFITS OF THE VLT METHOD

Watching Yourself Present
This can be painful, but it can help us to see where and how to
improve. It forces us to ask important questions (e.g., Am I
rushing or speaking in a monotone voice? Are my visuals clear
and do they augment my narrative?) Self-reflection by the

presenter is a primary benefit of DIY videos that are used in
the flipped classroom method of teaching (McCammon, 2014).

Shorter Presentations
This gives the audience less time to nod off and an incentive to
stay focused. This forces us to refine our message, get to the point,
and use interesting visuals that minimize the chance of setting off
the “Blah-Blahmeter” (a figurative filter that detects the amount
of “blah-blah-blah”, or unhelpful noise in a presentation (Roam,
2011). You might be thinking that the VLT sounds like the 5 min
“rapid-fire”, “lightning” or “ignite talk” formats that have been
introduced at many conferences (Lortie, 2017; Berkun, 2019).
While similar in some regards, I think the VLT method is far
better because you can use visuals more effectively and aren’t
under pressure to do this live.

Increased Engagement and Interaction
The VLT method leaves far more time for meaningful dialogue
with the audience than typically occurs in live presentations.
Audiences appreciate this because it shows that you respect their
time and are interested in their input and ideas. During a typical
15 min presentation slot, the presenter often takes 14 min for

FIGURE 1 | Overview for the Video Let’s Talk method (A) and tips on how to do it well (B).
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their information and leaves only 1 min for Q&A. But, interaction
is what draws many scientists to conferences, so why not augment
that in your presentations. The VLT format may help scientists
transition towards two-way science communication (Davies,
2008) that hopefully will spill over into how we communicate
with the general public. I’ve found the VLTmethod to be effective
with science conference audiences, farmers groups, university
classes, and the general public.

Accessible Outreach Product
Your DIY video can be shared on YouTube to increase the
impact and reach of your research (Brennan, 2019e; Brennan,
2021). For example, my first VLT presentation (Brennan, 2014)
was seen by about 100 conference attendees but since then on
YouTube it has gotten more than 19,500 views (an average of 250
monthly). This makes the time investment to make the video
worthwhile. Granted, not all those voluntary YouTube viewers
may have been paying attention, but the fact that chairs in the
back and aisles of science conference rooms fill up first indicates that
many people are planning their escape and may not be attentive
either. Knowing that you will put the video from your VLT
presentation on YouTube will also hopefully motivate you to
improve your science communications skills because you know
that everybody from your family (kids, grandmother), friends,
neighbors, boss (current and future), university students, and
colleagues can see you. I always carefully edit the closed captions
of my video so that my information is accessible to people who are
deaf or hard of hearing. These closed captions can also be translated
into multiple languages.

Learning DIY Video Making Skills
In the past 10 years, a small but growing number of scientists have
described the value of learning to make videos to share their
research with the world via YouTube (McKee, 2013; Smith, 2018,
2020; Brennan, 2021; Maynard, 2021). Video making skills will
have many spillover benefits for those who teach or want to use
video to augment information in a paper. For example, my only
award winning paper (Brennan, 2018d) was one where I made a
“how to” video (Brennan, 2019a) that demonstrated aspects of my
paper. DIY video making skills will also be useful if you submit a
video for publication in a peer-reviewed video journal like the
Journal of Visual Experiments (JOVE). While some scientists
might think that professionally made science videos are better, a
recent study showed that they receive fewer views on YouTube
than videos made by user groups (Welbourne and Grant, 2016). I
believe that part of the reason for this discrepancy is because
scientists are more likely to feel self-conscious and thus come
across as “cold”, nervous, and unnatural when they are filmed by
a professional crew who they don’t know well and that is under
time pressure to finish the video shoot.

Better Moderation
The VLT presentation method makes it much easier for session
moderators (i.e., timekeepers) to stay on time. This serious
problem still persists though it was thoughtfully lamented with
humor and candor decades ago (Cairns, 1989). The author
interestingly suggested that to stop speakers from running

over “maybe meetings should be replaced by videotapes of
speakers”.

Helpful Feedback
Observing an audience watch and react to your video provides
valuable feedback to help improve your science communication.
For example, Is the audience attentive? Are they laughing when
they should be? Do they ask questions that indicate they
understood your message? This feedback can help the scientist
modify their video before it is posted to YouTube.

CHALLENGES WITH THE VLT METHOD

Learning to Make DIY Videos
This takes time but is easier than you might realize. One of the
easiest and most visually interesting methods for a DIY science
video is the “Hey-Roll, P-Roll” method (Brennan, 2020a;
Brennan, 2020b), where one easily cuts between being an on-
screen talking head, and showing other visuals. I describe other
more complicated methods that I’ve used in this video (Brennan,
2019d). In any case, the scientist making the video should try to
sound enthusiastic and natural even if a script is used. And
perhaps most importantly, give yourself the chance to improve
over time, and as McKee (2013) explains “don’t let perfectionism
hold you back.”

Less Time to Present Information
Many scientists may be concerned that the VLT method will
not provide them with adequate time to present their research.
This concern makes sense particularly if the scientists is new to
video making and has not seen the method used effectively.
However, although it may seem counterintuitive, I’ve found
that more visual information can be presented in more
engaging ways in a short video than can occur during a
longer live presentation. This is because the scientist video
maker can remove unnecessary pauses, carefully time the
appearance of visuals, and redo sections of the presentation
that were unclear. And moreover, this can happen in a relaxed
setting long before the video is shown.

Audio/Video Setup
The conference room where the VLT presentation occurs needs
adequate speakers so that the video’s narrative is clearly audible
throughout the room. I always check this beforehand
(Figure 1B). If the computer that plays the video is not
connected to the room’s speakers, one can place the
microphone for the presenter near the computer’s build in
speaker to amplify the audio throughout the room.

Engagement Anxiety
Allocating half of the presentation time for discussion or questions
and answers (Q&A) may concern some presenters for several
reasons (e.g., What if the audience doesn’t ask any questions or
want to interact? What if one audience member monopolizes the
Q&A? What if they ask questions that I can’t answer?). I’ve always
found that audiences are eager to interact and ask questions after the
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video. But, I’m always prepared to expand onmaterial in the video if
needed. Another effective engagement strategy is to have audience
members discuss something in the video with the person next to
them. For example, they might ask their neighbor, in 1 min, what
surprised them, and then ask a few people to share that with the
whole audience.

Unfair Moderators
If the moderator of the session fails to keep earlier speakers in the
session on time, the moderator might be tempted to not allow the
VLT speaker to use their originally allotted time. For example, in
a 15 min presentation slot where a 7.5 min video is shown, the
presenter should not be allowed only 1–2 min for Q&A. To
prevent this problem the presenter should notify the
moderator in advance that the VLT method will be used and
that the presenter expects their fair share of time for the Q&A.

Skeptical Scientists
Some scientists in the audience or who present in the same
session as the VLT presentation may not like it because it may
threaten to make the standard method of science presentation
look boring and less interactive. If you encounter this, keep in
mind the words of the great physicist Max Planck, “A new
scientific truth does not triumph by convincing its opponents
and making them see the light, but rather because its
opponents eventually die, and a new generation grows up
that is familiar with it.” Recent research in the life sciences
(Azoulay et al., 2019) has unfortunately found evidence that
Planck was correct.

CAVEATS AND RESEARCH NEEDS

It is important to highlight thatmy perspective on the VLTmethod
is based onmy personal experience with it over the past 7 years and
my observations of how well I believe this method worked at a
symposium (Tri-Societies, 2016) I co-organized. I am not arguing
that this method should be used for all science presentations, or
would be most appropriate for all audiences, however, my hope is
that this article will encourage other scientists and conference
organizers to consider using it. If this occurs, it would be useful for
science communication researchers to collect data on the

effectiveness of the VLT method compared with relatively new
methods (i.e., “rapid-fire”, “lightning” or “ignite talk”) and the
more standard science presentation methods.

CONCLUSION

Communicating science effectively is difficult yet more critical for
the survival of our species than ever before. There are many
excellent resources to help scientist improve their
communication skills (Bragg, 1966; Janzen, 1980; Godin, 2007;
Reynolds, 2008; Baron, 2010; Brigham, 2010; Roam, 2011; Ruetz,
2012; McKee, 2013; Wheelwright, 2014; Baron, 2016; Langin,
2017; Olson, 2018; Finkler and Leon, 2019), but we still have a
long way to go to incorporate these effectively into our talks. The
VLT method has radically improved how I communicate my
science and engage my audiences regardless of whether they are
scientists, students, farmers, other agricultural professionals, or
the public. I hope you’ll try this fun and effective method. It
won’t make your presentations as popular as the BLT sandwich,
but it can help move your science communication in that
direction.
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