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Abstract
Background We explored perceptions and preferences regarding the conversion of in-person to virtual conferences as necessi-
tated by travel and in-person meeting restrictions.
Methods A 16-question online survey to assess preferences regarding virtual conferences during the COVID-19 pandemic and
future perspectives on this subject was disseminated internationally online between June and August 2020.
Findings A total of 508 responses were received from 73 countries. The largest number of responses came from Italy and
the USA. The majority of respondents had already attended a virtual conference (80%) and would like to attend future
virtual meetings (97%). The ideal duration of such an event was 2–3 days (42%). The preferred time format was a 2–4-h
session (43%). Most respondents also noted that they would like a significant fee reduction and the possibility to attend a
conference partly in-person and partly online. Respondents indicated educational sessions as the most valuable sections
of virtual meetings. The reported positive factor of the virtual meeting format is the ability to re-watch lectures on
demand. On the other hand, the absence of networking and human contact was recognized as a significant loss. In the
future, people expressed a preference to attend conferences in person for networking purposes, but only in safer
conditions.
Conclusions Respondents appreciated the opportunity to attend the main radiological congresses online and found it a good
opportunity to stay updated without having to travel. However, in general, they would prefer these conferences to be structured
differently. The lack of networking opportunities was the main reason for preferring an in-person meeting.
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Key Points
• Respondents appreciated the opportunity to attend the main radiological meetings online, considering it a good opportunity to
stay updated without having to travel.

• In the future, it is likely for congresses to offer attendance options both in person and online, making them more accessible to a
larger audience.

• Respondents indicated that networking represents the most valuable advantage of in-person conferences compared to online
ones.
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Abbreviations
CME Continued medical education
COVID-19 Coronavirus disease 19
ESNR European Society of Neuroradiology
ESR European Society of Radiology
EUSOMII European Society of Medical Imaging

Informatics
RSNA Radiological Society of North America
SARS-CoV-2 Severe acute respiratory syndrome corona-

virus 2
WA Weighted average
WHO World Health Organization

Introduction

The spread of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) from Wuhan, Hubei region, People’s
Republic of China, in late 2019 [1] imposed drastic changes
to almost all aspects of our lives. The spread of the virus was
rapid due to the highly interconnected nature of the world and
on the 11th of March 2020, the World Health Organization
(WHO) labeled the disease as a pandemic [2]. A response to
this spread was the national lockdowns with the closing of
borders around the world and variably strict restrictions on
the size of public gatherings [3]. Consequently, the scientific
community was forced to cancel scheduled international and
national scientific meetings, or convert them into a newly
designed virtual format [4, 5]. Virtual meetings which were
previously limited to small groups had to be rapidly adapted
for large national and international audiences [6–10]. Several
papers have already explored the emerging standards for or-
ganizing scientific events during and after the pandemic high-
lighting the future trend towards hybrid events, which should
become a part of routine practice in the scientific community
[11–14].

While already present prior to the pandemic period, vir-
tual conferences were not as prevalent [5]. Several institu-
tions or journals had already developed an online presence
through webinars and podcasts, such as the European
Society of Medical Imaging Informatics Webinar Series
(https://www.eusomii.org/webinars/) [15]. In the initial

phases of travel and meeting limitations, some societies,
including the Radiological Society of North America and
the European Society of Radiology, streamed their annual
meetings in part or entirely. However, the global lockdown
eventually required a transition of all annual meetings to a
virtual format. While successful meetings of this kind had
already been organized by Academic Centers (e.g., in
Austria and Germany), the crisis allowed us to further
improve this format through widespread adoption and
shared experience. However, while the online format
surely presented some advantages and was a necessary
solution in a time of crisis, in-person congresses are primed
for returning to prominence in the near future. The latter
also present several distinct aspects, such as networking,
that are not easy to replicate in a virtual setting.

The aim of this survey was to evaluate the perceptions and
preferences of attendees when converting in-person meetings
to virtual ones and to propose an ideal future meeting format.
These could allow us to gain insights which can be useful for
the improvement of congress organization after this time of
crisis.

Methods

An online survey was developed by an international
group of radiologists as an online questionnaire on
Survey Monkey (SurveyMonkey Inc.). The survey was
designed and tested by all the authors, board-certified
radiologists, prior to its dissemination. The survey was
anonymous and contained a total of 16 questions
(Table 1) focused on the preferences of attendees com-
paring in-person to virtual meetings. It was disseminated
via e-mail to all members of The European Society of
Neuroradiology (ESNR) (two times) and more broadly
to an international radiologist audience via social media
using the author’s personal accounts (Twitter, Facebook,
LinkedIn). The audience was mixed, and the authors de-
cided to not include distinction between radiologists and
neuroradiologists in the collected data considering it not
relevant for the survey aim. The survey was conducted
between June and August of 2020.
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The survey was divided into 4 sections:

1. Information about the respondent
2. Experience with virtual meetings
3. Preferences regarding virtual meetings
4. Future considerations

All questions were designed with multiple choice answers
(with exception of question nos. 4 and 16: country and com-
ments). A weighted average for each answer choice was cal-
culated for rating scale questions, to better capture and under-
stand variability. For this reason, we used the survey option to
automatically assign weights to each rating scale question an-
swer choice, corresponding to the presented Likert scale
values.

To assess differences in responses due to role or age group,
a Pearson’s chi-square or a Kruskal-Wallis rank sum test with
post hoc analysis (pairwise comparisons using Wilcoxon rank
sum test and Benjamini-Hochberg correction) was employed,
as appropriate. All statistical tests were performed using R (R
Core Team, 2022. R: A language and environment for

Table 1 Survey design

1. Role
- Medical student
- Resident/fellow
- Radiologist

2. Age
- 18-24
- 25-34
- 35-44
- 45-54
- 55-64
- 65+

3. Sex
- Male
- Female
- Other

4. Country of current professional activity

5. Have you already attended a virtual meeting?
- Yes
- No

6. Would you consider attending a virtual meeting?
- Yes
- No

7. What do you consider to be the ideal duration of a virtual meeting?
- Half a day
- One day
- 2-3 days
- 4+ days

8. What session formula do you prefer for the virtual meeting?
- Same as in-person, live meeting
- 1-hour meeting
- 2-4 hours meeting, with 1-2 breaks
- 5-7 hours, with 2-3 breaks

9. Do you think the registration fee for a virtual meeting should be less
expensive than for a live meeting, and if yes how much less?

- Around the same
- 25% less
- 50% less
- 75% less
- 90% less

10. Would you be willing to pay for attending a virtual meeting?
- Yes, for the whole event
- Yes, but for key lectures only
- Yes, but the price should depend on the number of sessions.
- No

11. Would you prefer to attend the virtual or live version of a meeting if
both are available?

- I would prefer a virtual meeting
- I would prefer to attend in person
- I will try to find a combination of both

12. What part of a virtual meeting do you consider important? (Rank 1-5)
a. Keynote
b. Educational
c. Abstract/scientific session
d. Q&A session
e. Open Forum
f. Cases presentation

13. Benefit of virtual meetings (rank 1-5)
a. Easier to attend distant meetings
b. Easier to follow the lecture of a specific speaker
c. Less financial burden than in-person, live meeting
d. Possible to re-watch or follow asynchronously

Table 1 (continued)

e. More efficient, no loss of time
f. Better interaction with Q&A session
g. Easier to speak up, less intimidating
h. Better for accommodating childcare logistics
i. Can hear everyone speaking

14. Negative factors of virtual meetings (rank 1-5)
a. less networking opportunity
b. no human contact
c. difficult to attend because of overlap with work
d. no CME accreditation always available
e. I can’t attend virtual meetings of more than 1 hour
f. too costly, or no reimbursement from hospital to attend meeting
g. I’m not granted free time for such meetings
h. Quality of connection (sound, video) not always optimal
i. No scientific sessions
j. Other

15. What factors will influence in person attendance at meetings going
forward? (rank 1-5)

a. Networking opportunity
b. Committee meetings
c. Desirable location
d. Summer date
e. Spring date
f. Fall date
g. Winter date
h. CME
i. Ability to present scientific data
j. Attend scientific sessions
k. No virtual meeting option
l. Large size
m. Opportunity to preview new products
n. Safer health condition (vaccine availability)
o. Other

16. Other comments
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statistical computing. R Foundation for Statistical Computing.
URL https://www.R-project.org/).

Preliminary results of this survey were presented at the
2020 Virtual Annual Meeting of European Society of
Medical Imaging Informatics (EUSOMII) [16].

Results

A total of 508 responses were received from an estimated au-
dience of about 6,000 recipients. Most respondents were board-
certified radiologists (431, 85%), followed by residents (66,
13%) and medical students (11, 2%) (Supplementary
Table 1). Most respondents were aged between 25 and 54 years
(35–44: 182, 36%; 45–54: 109, 21%; 25–34: 108, 21%),
whereas other age groups were less represented (18–24: 7,
1%; 65+: 25, 5%) (Supplementary Table 2). Males (55%) rep-
resented a slightly higher number of respondents
(Supplementary Table 3) and most responses were obtained
from individuals working in Italy (71, 14%) and the USA
(51, 10%). The demographics from respondents are summa-
rized in Supplementary Table 4 and Fig. 1.

Four hundred three (80%) respondents had already
attended a virtual meeting at the time of the survey
(Supplementary Table 5) and 97% were interested in attend-
ing one in the future (Supplementary Table 6). Most

respondents preferred either a 2–3 day (42%) or a half-day
( 33%) mee t i n g w i t h mos t r e s ponden t s ( 43%)
(Supplementary Table 7) selecting a 2–4-h meeting with 1–2
breaks as the preferred format (Supplementary Table 8). Most
respondents indicated that the ideal price for the virtual meet-
ings should be less than in-person meetings (50% less: 40%;
75% less: 36%) (Supplementary Table 9) and the majority
(47%) would prefer a dynamic price dependent on the content
selected (Supplementary Table 10).

There was no clear preference of meeting format with a
relatively even split between a combination of virtual and in-
person meeting (35%), in-person meeting (33%), and virtual
meeting (32%) (Supplementary Table 11). The respondents
found the educational aspect of virtual meetings to be most
important (4.57 weighted average, WA), followed by keynote
(3.91 WA), and case presentation (3.91 WA). The Q&A (3.31
WA), abstracts/scientific (2.94 WA), and open forum (2.78
WA) were considered less important (Fig. 2) (Supplementary
Table 12).

The ability to watch sessions on one’s own time or re-
watch them (4.54 WA) was considered the most important
benefit of virtual meetings. This was followed by the absence
of need to travel (4.44WA), lower costs (4.02WA), and more
time efficiency (3.95WA). The ability to follow lectures more
easily (3.89 WA) and hear clearly (3.31 WA) was also con-
sidered important. Better childcare logistics (3.08 WA), Q&A

Fig. 1 Distribution map of respondents
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interactions (2.69 WA) and ease of speaking up (2.67 WA)
were not as important (Fig. 3) (Supplementary Table 13).

The most frequently selected negative aspects of virtual
meetings included decreased networking opportunities (3.79
WA), no human contact (3.71 WA), absence of Continuing
Medical Education (CME) for all sessions (3.19 WA), diffi-
culty to attend due to overlap with clinical duties (3.12 WA),
and network issues (3.05 WA) (Fig. 4) (Supplementary
Table 14).

The most important factor driving people’s decision to at-
tend in-person meetings again was the ability to network (3.74
WA). The other important factors included safer conditions
such as a vaccination available (3.38 WA), desirable location
(3.30 WA), and presence of CMEs (3.30 WA) (Fig. 5)
(Supplementary Table 15).

Regarding differences due to respondent role or age group,
the results are presented in full in the supplementary materials
with the relevant descriptive statistics (“test_results.doc” and
“descriptive.xlsx” files).

Discussion

The pandemic event of the past years has impacted many
aspects of our personal and work lives. Our customs in rela-
tion to conference and course attendance have also been af-
fected. These changes may influence the post-pandemic real-
ity in yet unforeseen ways. In particular, this transition to and
evolution of virtual conferences was also driven by initiatives
from individuals or smaller organizations, such as the

Fig. 2 Diagram of question 12
answer distribution

Fig. 3 Diagram of question 13
answer distribution
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International Pediatric Neuroradiology Teaching Group [6].
Obviously, technological advances also played a crucial role
in facilitating this transition. In developed countries, most
physicians own a smartphone or laptop and an access to the
Internet, removing any barriers to meet or interact with others
virtually. Unfortunately, this is not a global standard, and the
pandemic further highlighted digital divide issues [17]. In the
end, the current situation allowed for wider implementation
and development of already-available technology, not widely
used in this setting. This trend did not concern only confer-
ences, as demonstrated by the explosion of virtual schooling,
remote working, and increase of home activities that relied
heavily on the Internet, even leading some entertainment com-
panies to lower their bandwidth [18].

To our knowledge, this survey has been the only attempt to
identify attendee preferences regarding the transition from in-
person to online virtual conferences. The large majority of
respondents were between the ages of 25 to 54, including a
fairly broad age range.

The answers to questions 7–10 are of particular interest,
reflecting the different approaches and possibilities to follow
a virtual meeting. Physicians during the pandemic were re-
quired to work and preferred shorter meetings, limiting the
days and time away from clinical practice. These preferences
also highlight the potential advantage for physicians to follow
virtual conferences from the workplace. Medical students in-
dicated half a day as the ideal duration of a virtual meeting,
while both radiologists and residents/fellows preferred a 2–3-

Fig. 4 Diagram of question 14
answer distribution

Fig. 5 Diagram of question 15
answer distribution
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days-long event. The same result was confirmed in the age
group analysis.

Respondents also felt conference fees should be lower
compared to an in-person meeting, presumably reflecting
the absence of part of the expenditures related to in-person
meetings (e.g., catering and venue hire). The possibility to
modulate final price registering to specific sessions alone is
also enticing. On the other hand, the end user may not yet be
fully aware of the infrastructural costs tied to streaming
and/or hosting of virtual conference presentations for on-
demand access. This limitation may reduce the perceived
value of registration costs in relation to the actual service
provided. In regard to the willingness to pay for the event,
radiologists are more likely to bear the cost for the whole
congress, while medical students and residents/fellows sig-
nificantly prefer free participation or to be charged based on
the attended lectures.

It should also be noted that respondents wanted more edu-
cational sessions. A possible explanation is that virtual meet-
ings often offer less opportunities for interaction with the
speaker which may limit in turn discussions that normally
occur during scientific sessions. Furthermore, students and
residents/fellows assigned more value to abstract/scientific
and Q&A sessions compared to radiologists.

We also investigated the positive and negative factors of
virtual meetings. The most positively rated aspect of this for-
mat was the chance to easily switch between sessions: it is a
crucial point for a virtual conference. This response further
highlights that the flexibility provided by online platforms in
terms of accessibility (e.g., from home or at work, from a
phone or a personal computer) and selection (e.g., easy access
to presentations of interest in different sessions, live or on
demand) is their strong suit. This lesson should be taken into
account even when in-person meetings will return to be the de
facto standard.

Another very well-rated aspect was the possibility to
follow more meetings by eliminating the need to travel.
This is especially true for the countries farthest from the
most important and/or common meeting locations. The vir-
tual format expanded the audience of many congresses, and
possibly included audiences from far countries that would
have not previously attended. Further strengthening this
consideration, the ESNR noted their Web Lectures webinar
series were well attended by radiologists from India and
Brazil. Not only did respondents highlight the convenience
of attending virtually but also pointed out that it was more
efficient and avoided loss of time.

Interestingly, highly rated options also included “can hear a
specific speaker” and “hear everyone.” The online congress
format allows the audience to follow the most important and
“famous” lecturers more easily, potentially even if multiple
speakers were live at the same time through on demand ac-
cess. Respondents also rated the ability to earn CME as an

important factor and should be a consideration for meetings in
the future. CME is always an important factor in getting peo-
ple to attend in-person meetings, and it is important to know
that the lack of virtual meeting option could be a strong incen-
tive to attend on site. Understandably, amid virtual meetings
negative factors, medical students consider the lack of CME
accreditation of little importance compared to radiologist.

We found mixed ratings for childcare logistics. Some or-
ganizations such as the RSNA [19] and ACR [20] have al-
ready made accommodations for childcare, and it is a concern
for many attendees with children.

Considering negatively rated factors, respondents high-
lighted the reduced networking opportunities due to the
absence of human contact. Social media usage to stimulate
discussion during in-person meetings is now well known
and studied [21–23]. The feedback we received shows that,
despite the commitment by meeting organizers to stimulate
discussions through the use of chat platforms and social
media, further efforts and new tools may be necessary to
address this point. The overlap of meetings during work
hours was also reported as an issue, but this could be more
easily solvable. For example, ensuring on demand avail-
ability of recorded lectures for a sufficient time frame after
the congress could prove the most straightforward solution.
While attending the meeting during work may be more
efficient, this could be distracting and not ideal for patient
care.

In looking to the future, most responders’ preferred choice
for medical imaging conferences was a “combination of in-
person and virtual meeting,” leaning into hybrid meeting for-
mat. This was not a common option prior to the pandemic.
Certainly, this choice implies a greater organizational chal-
lenge as well as increased costs. Time will prove if these
negative aspects can be balanced by greater attendance and
new pricing models, making hybrid conferences become the
“new normal.” As a reference example, we can consider the
Consumer Electronics Show, the most influential tech event in
the world hosted in Las Vegas since 1967, whose 2022 edition
has been planned and took place in a hybrid format, after the
2021 virtual edition [24].

Respondents believe that the most likely reason to return to
in-person meetings is represented by networking opportuni-
ties. This is consistent with other answers proving that atten-
dants enjoy chatting with others during social events, at round
table discussions, and in-between sessions. This is linked to
another highly valued factor, “desirable location”, mixing the
scientific purposes with the opportunity to enjoy appealing
travel locations (e.g., landscapes, foods). This desirability is,
however, currently tempered by an awareness about health
safety with vaccination coverage rated high as a condition to
attend an in-person meeting. After the first vaccine became
available in December 2020 [25], and with the emergence of
additional vaccines, we believe (and hope) these concerns
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may be mitigated. As a final consideration, it was interesting
to note that the timing of conferences during the year was not
considered a relevant factor.

Conclusions

The SARS-CoV-2 pandemic may have established a “new
normal” scenario for organizing scientific meetings. It is high-
ly likely that in the future it will be possible to attend such
events not only in person but also digitally, making them also
more accessible to a larger audience, potentially reducing geo-
graphical and economic barriers to participation. The data
presented in this survey, while still a limited sample compared
to the entirety of the global imaging community, may be also
useful in the design and planning of future meetings and con-
tinuing learning initiatives.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00330-022-08903-3.
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