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Abstract Neuroscience communication is increasingly
taking place on multidirectional social media platforms,
creating new opportunities but also calling for critical
ethical considerations. Twitter, one of the most popular
social media applications in the world, is a leading plat-
form for the dissemination of all information types, in-
cluding emerging areas of neuroscience such as
optogenetics, a technique aimed at the control of specific
neurons. Since its discovery in 2005, optogenetics has
been featured in the public eye and discussed extensively
on social media, but little is known about how this new
technique is portrayed and who the users participating in
the conversation are. To address this gap, we conducted
content analysis of a sample of 1000 tweets mentioning
“optogenetics” over a one-year period between 2014 and
2015. We found that academic researchers are the largest
group contributing to the conversation, that the tweets
often contain links to third-party websites from news
organizations and peer-reviewed journals, and that com-
mon thematic motifs include the applications of
optogenetics specifically for the control of brain activity
and the treatment of disease. We also found that the
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majority of the tweets are neutral in their tone regarding
optogenetics. As Twitter serves as a current and dynamic
forum for exchange about advances in neuroscience, the
conversation about optogenetics on this engaging plat-
form can inform socially-responsive knowledge dissem-
ination efforts in this area.

Keywords Optogenetics - Social media - Internet -
Neuroscience communication

Introduction

Neuroscience communication is at a turning point, with
social media acting as a new channel to disseminate and
share information about developments in brain research
[1, 2]. In the digital era, interactive platforms play a large
role in shaping public perceptions of scientific and
healthcare discoveries by allowing interactions between
users and the wealth of information available online [3],
and providing new avenues for the public to partake in
important discussions about advancements in research [2].

One such example of a social media platform is
Twitter, one of the most popular social media sites in
the world with 310 million active monthly users [4].
Twitter allows users to read and create “tweets” with a
maximum of 140 characters, which can be “retweeted”
by other users, allowing for the rapid propagation of
information. As a wealth of information dissemination
and communication is occurring on this platform, Twit-
ter has been utilized as a tool to study opinions of its
users in a variety of contexts, such as new
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biotechnologies [2], natural disasters [5], politics [6],
and epidemics [7]. Other studies have investigated
how Twitter is used to facilitate dialogic communication
between different stakeholders [8]. Increasingly,
scholars are examining the specific content of commu-
nicated messages, and these studies provide not only
rich information about users’ perspectives on the issues
at hand, but also insight into the nature of human com-
munication in an online era [9]. Traditional models in
public relations and communications can also be applied
to examine the direction, purpose and nature of the
communication that takes place on Twitter, for example
through Grunig and Hunt’s four models: press agentry,
public information, two-way asymmetry, and two-way
summetry [10-12].

Despite the utility of social media to share informa-
tion, this technology is not without risks in the context
of neuroscience communication. Users participating in
online discussions vary in their level of expertise, which
may compromise the quality of information being
shared [1]. Social media content may include inaccurate
portrayals of the applications of new biotechnologies
and thus may cause users to have unrealistic expecta-
tions of the impact of these scientific discoveries [13].
This presents salient ethical issues in the case of discov-
eries with potential therapeutic benefits since it may
result in false hopes for patients and families affected
by the illness which the discovery is touted to treat [1].

One emerging area in neuroscience research which
has been featured prominently in online discussions is
optogenetics, a technique that is receiving much acclaim
for its potential to revolutionize the study of the brain
[14]. Optogenetics involves the addition of an opsin gene
into specific neurons, allowing for these neurons to be
activated or inhibited by light in vivo at a much more
precise level than was possible before [15]. This discov-
ery has created many opportunities for studying specific
neural circuits, and may shed light on the causal mecha-
nisms of various disorders [16]. Translational applica-
tions are also on the horizon, as optogenetics is currently
being studied as potential treatment for a wide variety of
conditions such as epilepsy and addiction [17, 18].

Following the first demonstration of this technique in
2005 [14], optogenetics became increasingly present in
the scientific literature [15]. In recent years,
optogenetics has been featured frequently in mainstream
media publications, and, like other biotechnologies,
continues to garner increasing attention from the general
public [19]. Active discussion among the public about
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developments in neuroscience can be greatly impactful
in shaping public policy in a way best suited to benefit
society at large [20]. However, as optogenetics is con-
cerned with the intricate control of neuronal firing, and
this essentially comprises our personality, experiences,
and behaviour, it is imperative that the translation of
optogenetic advances from the lab to the layperson is
conscientious and precise as to avoid any misunder-
standings regarding the capabilities and power of this
technique [21]. Already, optogenetics is being discussed
in the media in the context of “mind control” and
sparking dialogue about autonomy [22].

Despite the rising popularity of optogenetics in on-
line discussions and its potential as both a research tool
and therapy, little is known about the portrayal of
optogenetics on social media platforms such as Twitter.
This study attempts to explore the discourse surround-
ing optogenetics on Twitter by answering the following
research question: What is thematic content of
optogenetics-related tweets? Specifically, we aim to
characterize: i) users participating in discussion; ii) the
content of discussion; iii) the tone of the discussion.

Methods
Design

To establish the thematic content of tweets about
optogenetics, a content analysis of posts on the social
media platform Twitter was conducted following previ-
ously established methodology [7, 23, 24]. Data collec-
tion took place over a period of one year from February
2014 to January 2015.

Search Strategy

Using the Twitter application programming interface
(API), we created an automated program in the C++
programming language to search for English-language
tweets containing the word “optogenetic”. All tweets,
along with date, time and freely contributed user infor-
mation were retrieved and collected into a database, and
duplicate entries were removed. We limited the terms
used in our search strategy to ensure we compiled a
highly relevant and manageable sample of tweets.
Therefore, our sample does not contain tweets that do
not explicitly mention “optogenetics” by name either in
the tweet text or in the link but still includes the majority
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of tweets relevant to this discussion. The publicly avail-
able account information, such as location and occupa-
tion, of all unique users from the sample was also
included for analysis (Table 1). No attempts were made
to collect user information set as private and no Twitter
users were contacted for this study. Similar to previous
studies [2], we define unique tweets as tweets that were
not exact duplicate “retweets” from other users. We
applied content analysis to a random sample of 1000
unique tweets.

Development of Coding Scheme

We developed a coding scheme based on a pilot analysis
of'a sample of 10 % of the tweets. By combining a priori
themes for the features of the tweets themselves and
themes related specifically to optogenetics, we
established several overarching categories for content
analysis. The coding scheme was then refined by two
researchers (JR, CL) through coding of an additional
10 % sample to produce the final version of the coding
guide (Tables 2 and 3). The categories of the coding
scheme for the tweets were: 1) basic information about
links (e.g. country of origin); 2) content type of links
(e.g. news article); 3) content type of tweet (e.g. study);
4) tone of tweet (e.g. positive, negative); 5) stakeholders
mentioned in tweet (e.g. researcher); 6) application of
optogenetics mentioned (e.g. control of behaviour); 7)
mention of research; and 8) vocabulary used to describe
optogenetics (e.g. “stimulate”). A coding scheme for the
freely accessible user information was developed using
the same iterative process and resulted in the following
coded categories: 1) geographic information; 2) individ-
uals and occupations (e.g. researcher); and 3) organiza-
tions and type (e.g. academic institution).

Using the final coding schemes, one researcher (CL)
coded the entire sample, while a second coder (TF) then
analyzed 20 % of the sample to establish intercoder
agreement.

Results

Intercoder Agreement

Agreement between the two coders was calculated using
Krippendorf’s alpha, which ranges from 0 to 1 [25]. Initial

agreement was 0.83 for tweet information and 0.93 for
user information, indicating good to excellent agreement

between coders. All disagreements were resolved through
discussion and complete consensus was achieved.

Sample

A total of N = 10,458 tweets about optogenetics were
collected from February 20th, 2014 to January 23rd,
2015. Unique tweets constituted 31 % (n = 3284) of
the initial sample and were contributed by a total of
N = 2043 unique users. The entire sample of users was
analyzed, while a random sample of 1000 tweets was
selected for further analysis.

Users

A total of 1372 users from the entire sample of tweets
(67 %) provided their geographic location in their pub-
licly available Twitter profile. Of those users, the largest
proportion was from the United States (57 %), while
13 % of users were from the United Kingdom, and 5 %
from Canada.

In addition to geographic information, a majority
(83 %) of account descriptions contained details about
the user (Fig. la; see Table 1 for examples). Over half
(58 %) of accounts were identified as belonging to an
individual. The most frequent occupations of individuals
in our sample were academic researchers (48 %), of which
23 % were neuroscientists specifically. Occupations in the
area of science communication, such as editor of an
academic journal, were described in 7 % of individual
accounts. Other occupations outside of scientific research
included physicians (5 %) and psychologists (1 %).

A quarter of accounts were identified as representing
an organization (Fig. 1b). The most frequent types of
organizations in the sample were news groups (20 %)
and medical and technology companies (15 %). Orga-
nizations in the “Science Organization or Society” cat-
egory (e.g., Brain & Behaviour Research Foundation),
which were defined as groups that promote increased
awareness and research in their field of study, accounted
for 9 % of accounts. “Research Organizations,” indicat-
ed by an explicit statement that they conduct research,
such as the Allen Institute, constituted another 9 % of
accounts. “Social media feeds” are curated, either man-
ually or by a bot, Twitter feeds that solely tweets links to
academic papers about a certain topic and comprised a
further 9 % of the sample. Six percent of the accounts
were coded as “Advocacy Groups”, which advocate for
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Fig. 1 Twitter user types a
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(10 %), and stroke (10 %). For example: “#Optogenetics
is a noninvasive technique of controlling #brain activity,
a possible future therapy for #epilepsy. [LINK].”

Additionally, tweets often cited the application of
optogenetics for treatment of disease (10 %) but frequently
gave little indication of the timeframes in which these
treatments can be expected: “Scientists @ NYULMC use
optogenetics to develop new treatments for psychiatric
disorders [LINK].”

The most prominent nonmedical application
discussed was the ability to control brain activity
(17 %; Fig. 2). However, claims about optogenetic
control of the brain often gave little context of the extent
of this control: “Optogenetics: Controlling the brain
with light [LINK].”

% of Individuals
o o 8
.
o, b
% —

| ! H N -
S @ 3 SR Y
5 Fs LN S & NSRS
F & & F O PSS
N o P N S A SR S -
» & @& N N M
O R & O & L & X
> @ S NP SN ) o N
< £ &L > 28 & & N @
o ¢ @ © & & oF
N > &£ & &f S &
< RN 5 < )
& & P A2 o
0 N O &
& & s &
@

Occupation Type

. —
=
=3
&

) S & > & < 3\ .
Y S G o &
& & © & & T ¢
& & S & < 2 N
$ > @)
& o N & N &
> S N 2 <@ &
4 S o @ N )
& & ©
Qpe v

Organization Type

A portion of tweets mentioned stakeholders, scientif-
ic researchers in particular (9 %), that are integral to the
development of optogenetics research. Generally, these
mentions were in the context of a new scientific discov-
ery: “Researchers erase memories in mice using
optogenetics [LINK] #PSYC2385.”

Discussion

Analysis of content about optogenetics on Twitter reveals
that: 1) academic researchers and technology companies
are the main contributors to the discussion; 2) research
findings dominate the discussion through links to peer-
reviewed articles; and 3) the tone of the discussion is
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generally neutral. These findings contribute to the growing
body of knowledge surrounding the discussion of novel
biotechnologies on social media and to the understanding
of perceptions of scientific discoveries as a whole.

In a departure from other work suggesting that re-
searchers are apprehensive about social media platforms
[26], academic researchers represented a large proportion
of the sample of users in our study. Science communica-
tors, such as editors of peer-reviewed journals or authors
of popular science blogs, were also some of the most
prominent occupations amongst users. We hypothesize
that increased representation of science communicators
on social media may lead to more responsible reporting
of research discoveries, unlike what has been observed to
date on the representation of other biotechnologies, such
as stem cells, on Twitter [2, 27]. Among the organizations
tweeting about optogenetics, news agencies represented
the majority. Medical and technology companies were
also involved in the conversation, despite optogenetics
being very early in the translational pipeline.

The links associated with these tweets were generally
from high-quality scientific news sources. The general
trend seen in this study suggesting a relatively accurate
portrayal of optogenetics-related discoveries may speak to
the promise of social media as an appropriate tool for
information dissemination when stakeholders involved in
the process of the research participate in the conversation.

The content of tweets discussing novel biotechnol-
ogies are heavily influenced by real-world events and
their subsequent representation in traditional media [2].
The potential applications of optogenetics for control-
ling the brain and treating disease were a strong focus.
Though claims of these future applications were often

@ Springer
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made without discussion of their early stage in the
translational timeline, the tone of the tweets generally
remained neutral rather than overly optimistic. Further-
more, few of the tweets were highly polarized, in con-
trast with findings of other studies on Twitter on topics
ranging from stem cells to political views [2, 6, 28]. This
may be attributed to the higher proportion of researchers
engaged in the discussion, as well as the greater preva-
lence of links to journal articles than found in other
studies on Twitter using similar methods [2]. This high-
lights the importance of increased engagement between
researchers and the general public to foster a better
understanding of scientific findings [22]. However, as
public attention surrounding optogenetics increases and
more users begin to participate in the discussion, the
quality of this information on Twitter may change;
therefore it is imperative that researchers continue to
participate in and contribute to the online discussion.
We appreciate the limitations of the present study.
Other social media platforms such as Facebook that we
did not study here also contribute to the discussion of
optogenetic discoveries, and as tweets are limited to 140
characters, this may constrain the depth and detail of the
discussion on Twitter. In terms of stakeholder engage-
ment, previous studies have shown that organizations on
Twitter still favor one-way communication rather than
two-way symmetrical conversations [29]. As we did not
analyze interactivity between accounts and tweets, we
are not in measure to confirm these observations in our
sample about optogenetics. Future work will examine
the directionality of the discussions. A limitation intrin-
sic to research on Twitter data is that it is not possible to
capture all the tweets that exist related to the topic of
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interest in a sample using the API and there is no
assurance of a representative sample [30]. Also related
to sampling, there may also exist search terms analogous
to “optogenetics” in lay language that may have yielded
more tweets from users outside of the research field.
Studies of content on social media are subject to selec-
tion bias, as greater proportions of users may be from
younger and more racially diverse groups [30-32]; thus
the opinions reflected here may not be representative of
the general population; however, Smith and Brenner
[33] indicate that Twitter users are well-distributed
across gender, income and education levels. In addition,
due to the anonymity of Twitter, it was not possible to
verify the locations and occupations of each of the users
who disclosed their personal information to ensure the
information is accurate.

Despite these limitations, we show that the Twitter
discussion about optogenetics is relatively conservative
compared to discussion of other novel biotechnologies
such as stem cells or gene therapy examined using
similar methods [1, 2]. The data support the impetus
for researchers to be active on social media to act as
stewards of high quality neuroscience communication.
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