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Abstract

Background: Twitter has become one of the most important social media platforms in science communication.
During scientific conferences, Twitter can facilitate the communication between audience and speakers present at
the venue and can extend the reach of a conference to participants following along from home. To examine whether
Twitter activity can serve as a surrogate parameter for attendance at the RSNA conferences in 2019 and in 2020, and
to characterize changes in topics discussed due to the virtual character of the 2020 RSNA conference.

Methods: The Twitter APl and R Studio were used to analyze the absolute number and frequency of tweets, retweets,
and conference-related hashtags during the 2019 and 2020 RSNA conference. Topics of discussion were compared
across years by visualizing networks of co-occurring hashtags.

Results: There was a 46% decrease in total tweets and a 39% decrease in individual Twitter users in 2020, mirroring a
43% decrease in registered attendees during the virtual conference. Hashtags related to social initiatives in radiology

(e.g., "#radxx"and "#womeninradiology” for promoting women's empowerment in radiology or “#pinksocks, “#wearera-
diology” and “#diversityisgenius”for diversity in general) were less frequently used in 2020 than in 2019.

Conclusion: Twitter and congress attendance were highly related and interpersonal topics underwent less discus-
sion during the virtual meeting. Overall engagement during the virtual conference in 2020 was lower compared to
the in-person conference in 2019.
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Keypoints + Interpersonal topics were less discussed during a vir-
tual conference.
+ Twitter activity and attendance on medical confer-
ences are highly related.
« Twitter activity was lower during a virtual compared =~ Background
to an in-person conference. Since its founding in 2006, Twitter has become one of
the most important social media platforms in health-
care communication [1]. Recently, the percentage of
. : : healthcare providers and scientists on Twitter in radiol-
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work. increased. Organizing social and political initiatives (e.g.,
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interest [6—8] are among the many uses that make Twit-
ter an attractive tool for those in the healthcare field.

Twitter has also become very popular at conferences
for medical specialties, including radiology [9-14], for
myriad reasons. Through Twitter speakers can directly
connect with their audience by conducting live polls,
attendees can share their impressions by live-tweeting
(posting content about an event while attending it), and
people not able to attend the conference can follow along
from home. Consequently, it is increasingly common for
medical conferences to create dedicated hashtags (e.g.,
#RSNA2019 for the RSNA’s annual meeting in 2019) in
order to facilitate aggregating all posts related to that
particular conference [9, 13, 15-17].

Up until 2020, Twitter activity during RSNA Annual
Meetings has grown continuously. For example, an analy-
sis of meeting-related hashtags at RSNA 2011 and RSNA
2012 showed an increase in Twitter usage of about 30%
[18]. However, due to the coronavirus pandemic, most
scientific conferences in 2020 were held exclusively online
as virtual conferences. This had a direct effect on the
number of attendees. For instance, at the RSNA Annual
Meeting, the number of registered attendees decreased
from 51,800 in 2019 [19] to 29,339 in 2020 [20].

Initially, we were interested in how Twitter might
reflect the development of specific interests and topics
(e.g., artificial intelligence) at RSNA conferences over the
years. However, as RSNA was held virtually in 2020, we
took the opportunity to analyze the impact of the virtual
setting on engagement and topics under discussion.

Materials and methods

Study design and data collection

Tweets and their corresponding metadata were collected
once a day during the 105th (Dec 1-Dec 6, 2019) and the
106th (Nov 29-Dec 5, 2020) RSNA Annual Meetings, as
well as during the 3 days before and after each confer-
ence, by accessing the Twitter application programming
interface (Twitter API) with the retweet library for R
(version 4.0.5). Specifically, R Studio (Version 1.4.1106), a
more user-friendly version of the statistic program R, was
used to access the Twitter API and conduct the analysis.
The Twitter API provides the opportunity to access Twit-
ter data such as tweets, hashtags and user information
(e.g., username, location). Relevant tweets were identified
using the given congress hashtags (#rsnal9 & #rsna2019
and #rsna20 & #rsna2020) and indexed with their unique
Tweet ID. Importantly, all hashtags were set to lowercase
before analysis. Simple retweets with no additional origi-
nal text were excluded. Parameters collected included
user information such as username, number of follow-
ers, and favorite counts; as well as the date and text of the
tweet along with included hashtags.
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Data analysis

Using R Studio, we performed descriptive analyses of
meeting-related Twitter activity including number of
tweets, retweets and favorites. We also examined metrics
of individual Twitter users engaging with the conference,
such as their number of followers and friends. “Follow-
ers” refers to people who subscribe to, or follow, an indi-
vidual’s Twitter account who are then shown that person’s
tweets in their feed; and “friends” refers to people that
a Twitter user follows. We determined the number of
friends and followers at the time of each tweet, as well
as computed the median number of friends and follow-
ers for each user over 1 year. Also, changes in total num-
ber of friends and followers during the time course of the
conferences were calculated. For qualitative analyses, we
examined hashtags, username, and tweet source using
R Studio. Hashtags were converted to lower case and
then counted and sorted by frequency. To account for
the unequal sample size, individual hashtags were set in
relation to the total number of conference-related tweets
in each respective year. Only hashtags that were used an
average of 50 times or more in both years were included
in the analysis. In addition, we examined the change in
frequency of use for each hashtag and investigated the 75
most frequently co-occurring hashtag pairs across years.
Furthermore, we examined which application was used
to post each tweet and sorted them by primary applica-
tion environment (non-mobile, mobile, or both). “Non-
mobile” refers to apps used on stationary devices (e.g.,
Twitter Web Client on a desktop) while “mobile” refers
to apps used on smartphones and tablets (e.g., Twitter
applications for iPhone, Android or iPad). “Both” refers
to apps that could be used on both types of devices. To
examine differences in user profiles across years, the 50
most active users of each year were manually sorted into
“business,” “personal,” and “education/non-profit” catego-
ries. Accounts were considered business users when they
represented a company and not personal opinion (e.g., @
CanonMedicalUS). In contrast, accounts were considered
“personal” if individual users tweeted a personal opinion
(e.g., residents or employees of medicine-related compa-
nies). All accounts belonging to universities, institutions
or non-profit organizations (e.g., @RSNA, @DukeRadiol-
ogy) were sorted in the category “educational/non-profit”
The proportion of tweets in each category was compared.

Statistical analysis

Using R Studio, differences in application environment
were analyzed using chi-squared tests using Cramer’s
V as the effect size. Robust ANOVA was used to exam-
ine categories. To compare counts of favorited tweets,
retweets, friends, and followers across years, we used
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two-sample Wilcoxon Rank Sum tests after ruling out
normal distribution using Shapiro—Wilk tests. The
effect size r was used for the Wilcoxon—Rank-test. P val-
ues<0.05 were considered significant. Results are given
as mean * standard deviation unless otherwise noted. All
statistical analyses were conducted using RStudio Ver-
sion 1.4.1103.

Results

Quantitative analysis

Table 1 gives an overview of our quantitative analyses.
More tweets were sent in 2019 (11,880 tweets) than in
2020 (6770 tweets). Moreover, the number of individual
Twitter users actively participating in the conference
decreased from 2076 (2019) to 1276 (2020). On average,
there were more retweets per tweet in 2019 compared
to 2020 (M=1.70+3.61 vs. M=1.44+4.17; Z=—9.23;
p<0.001; r=0.05). Furthermore, Wilcoxon Rank Test
revealed a difference in the mean number of favorites per
tweet in 2019 compared to 2020 (2019: M=7.41+16.4;
2020: M=7.79+£17.5; Z=-3.12; p=0.002; r=0.02).
Additionally, we found that in both years 94% of tweets
had less than 30 retweets and favorites, indicating that
only a small percentage of tweets had broad reach.

Top 50 Twitter users

We focused on the 50 most active Twitter users (Top 50)
engaging in the conference each year in order to exam-
ine differences in user profiles across years. Not sur-
prisingly, we observed a higher number of tweets per
user among the Top 50 in 2019 than in 2020 (2019: total
tweets =4043; 2020: total tweets=2939; Z=-—3.53;

Table 1 Overview of the Twitter activity at the in-person RNSA
conference in 2019 and the virtual RSNA conference in 2020

2019 2020
Tweets
Total tweets 11,880 6770
Individual users 2076 1276
Mean retweets per tweet 1.7+361 14+£4.17
Mean favorites/likes per tweet 74+£164 78+175
Tweet sources
Mobile users 53% 32%
Non-mobile users 17% 44%
Mobile/non-mobile users 27% 23%
Top 50
Private users 38% 36%
Business users 21% 20%

Educational/institutional users 40% 44%

Top 50: 50 most active Twitter users per year (i.e., users who posted the most
tweets)
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p<0.001; r=0.25). While they represented 2% (2019)
and 5% (2020) of total users, respectively, their tweets
reflected 34% (2019) and 48% (2020) of total tweets. We
also calculated how many followers and friends the Top
50 gained during the meeting in both years. Interestingly,
the Top 50 acquired more new followers in 2019 than
in 2020 (2019: M =48.8+68.9; 2020: M =32.8+54.5;
Z=-2.80; p<0.01; r=0.2). In addition, the number
of private, business and educational/non-profit users
changed significantly across years (N=7861, X*>=9.5,
p<0.01; r=0.03): We observed more educational/non-
profit users (2019: 40%, 2020: 44%) and less private (2019:
38%, 2020: 36%) and business (2019: 21%, 2020: 20%)
users among the Top 50 in 2020.

Tweet sources

We next examined tweet source, focusing on whether an
application used to post a tweet was more likely installed
on a mobile or a non-mobile device. We detected that in
2019 more tweets were sent from mobile devices (6313
tweets (53%)) than in 2020 (2147 tweets (32%)), while
the percentage of tweets sent from non-mobile devices
was lower in 2019 (2019: 17%; 2020: 44%; N=18,650,
X?=1553, p<0.001, Cramer’s V=0.29) (Table 1).

Hashtags

To examine hashtag usage, we determined the most fre-
quently used hashtags in relation to the total number
of tweets in each year (Fig. 1A) and visualized major
changes in hashtag frequency across years (Fig. 1B).
Clearly, artificial intelligence (AI) was the leading topic in
both years, especially when considering that many other
hashtags were also related to Al Notably, hashtags for
social initiatives such as “#radxx,” and “#weareradiology”
(social initiatives for gender equality and diversity in radi-
ology), “#pinksocks” (a social initiative), “#some” (abbre-
viation for social media) or “#chicago” (location of the
physical RSNA conference) were used more frequently
in 2019 compared to 2020. In contrast, a Twitter-based
chat for radiologists on Twitter called “radaichat” con-
ducted by the journal “Radiology—Artificial Intelligence”
was more frequently used in 2020. COVID-19-related
hashtags were obviously only used in 2020. In addition,
“#jacr” (Journal of the American College of Radiology)
and “#nnox” (popular stock of Nano-X Imaging Ltd that
went public in 2020) were also used more often in 2020
(Fig. 1B).

Hashtag pairs

In addition, we analyzed which pairs of hashtags most
frequently co-occurred across both years (Fig. 2). In both
years, the strongest connection was between the hashtags
“#ai” and “#radiology” Mirroring our result in Fig. 1,
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Fig. 1 Hashtag frequencies. A Frequency of the most-used hashtags in 2019 and 2020 (excluding the congress hashtags #rsna19, #rsna2019,
#rsna20, #rsna2020). The percentage share of individual hashtags in the total volume of hashtags during a year is shown. B lllustrates the largest
absolute differences of hashtag frequencies in 2019 compared to 2020 in relation to total tweet count (total number of #radxx 2019: 254, 2020: 63;
#weareradiology 2019: 203, 2020: 61; #pinksocks 2019: 132; 2020: 12; #some 2019: 104, 2020: 15; #chicago 2019: 157, 2020: 28; #jacr 2019: 132, 2020:
250; #nnox 2019: 0, 2020: 82; #radaichat 2019: 0, 2020: 152; #covid-19 2019: 0, 2020: 169)

there were more co-occurring hashtags related to social
initiatives (e.g., gender equality and diversity (“#radxx,
“#womeninradiology, “#inclusion,” “#diversityisgenius,’
“#weareradiology,” “#heforshe”)) in 2019 than in 2020.
Additionally, we noticed a high co-occurrence of Span-
ish language hashtags in 2020; however, this appeared
to be an artifact introduced by one highly active Span-
ish language user (“@droswaldoramos”). Consequently,
we removed the tweets of this user from this part of our
analysis.

Discussion

Twitter has become one of the most important social
media platforms for science and is heavily used during
medical conferences. Therefore, the main goal of this
study was to clarify whether Twitter activity and confer-
ence attendance are related.

Indeed, we found that there was a 43% decrease in
attendance—from 51.800 in 2019 [19] to 29,339 attend-
ees in 2020 [20] —matching a 46% decrease in total tweets
and a 39% decrease in individual Twitter users between
2019 and 2020, indicating that Twitter activity may be a
good surrogate parameter for attendance during these
conferences. However, it is important to mention that
further analysis of more conferences and related tweets is
needed to underline and secure this finding. Interestingly,
a previous study examined the Twitter activity during

RSNA conferences, showing an 30% increase in Twitter
activity between 2011 and 2012 [10], while there was a 9%
attendance drop from 2011 to 2012. One reason for the
results of Hawkins et al., which contradicts our results,
could be the novelty of Twitter in science combined with
skyrocketing growth rates of science tweets 10 years ago.
Another reason for a shift of users from Twitter to other
social media might be the political controversy regarding
the presidential tweets of Donald Trump. Besides Twit-
ter, LinkedIn is the most popular social media platform
for professional content among Radiologists [18]. There-
fore, it may be of interest in the future to compare radi-
ologists’ use of Twitter and LinkedIn.

Moreover, we were interested in the influence of a
virtual conference on tweeting behavior and the struc-
ture of Twitter users. Many studies reported that virtual
conferences attract higher number of attendees com-
pared to in-person conferences [21-23]. Sarabipour et al.
[22] examined multiple virtual medical conferences and
argued that they are “more inclusive, more affordable,
less time-consuming and more accessible worldwide.” In
contrast, we found that the attendance and the tweeting
activity (e.g., total tweets and retweets per tweet) dur-
ing the virtual RSNA conference decreased compared to
the in-person conference. In addition, topics related to
social initiatives and gender equality were less discussed
on virtual compared to the in-person RSNA conference.
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An important example is the decreased presence of the
hashtag “radxx” during the virtual RSNA conference. The
“#radxx” hashtag stands for a movement to empower
women in radiology, informatics and IT management
[24]. It was founded by a RSNA member (Dr. Geraldine
McGinty) during the RSNA conference 2016. With 200
members in the community the “#radxx” movement
shows the importance of gender equality for the RSNA.
We found other hashtags that showed the same develop-
ment and also stand for social and personal topics (e.g.,
“#weareradiology” and “#pinksocks”). We postulate that
the decrease in social and personal topics during the vir-
tual RSNA conference is caused by a lack of social inter-
action and interpersonal communication. In addition,
this lack of social interaction and interpersonal commu-
nication reduced the opportunities to network, expressed
by a smaller number of newly acquired followers among
the Top 50 users during the virtual RSNA conference.
Interestingly, professional topics were less strongly influ-
enced by the virtual nature of the conference, as can be
seen, among other things, from the great importance of
Al in both years.

Limitations

It is important to mention that this study is observa-
tional and cannot show causality between the concept of
a virtual conference and lower attendance. There may be
other possible reasons for the decrease in Twitter activ-
ity and attendance of the RSNA conference in 2020.
Among those could be COVID-19-related changes of
working environment and private lifestyle of people all
over the world. Furthermore, this study only analyzed the
hashtags of the tweets which are not always representa-
tive for the whole content. And importantly, more con-
ferences need to be examined to clarify whether Twitter
activity can serve as a surrogate parameter for conference
attendance. Nonetheless, we believe that our study pro-
vides evidence for a relationship between Twitter activ-
ity and conference attendance and suggests decreased
opportunities for social interaction at virtual conferences.

Conclusions

All in all, this study provides evidence for decreased
Twitter activity and different discussed topics during a
virtual compared to an in-person medical conference. On
top of that, this study presents that Twitter and confer-
ence attendance during medical conferences are highly
related. Future studies may examine more medical con-
ferences to prove that Twitter can serve as a surrogate
parameter for conference attendance. Nevertheless, the
integration of Twitter and a higher focus on interper-
sonal topics on medical conferences will be important for
future (virtual) conferences.
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