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The recent article: Nature 579, 327-328 (2020), ending with the phrase: "You can't just suddenly make a conference be online.", has motivated us to write about the practicalities and philosophy of running online events, drawing on our extensive experience running an annual online computational chemistry conference. Our goals for this online conference series have always been: 1) Availability; 2) Community building and 3) Supporting young scientists. In this article, we highlight the motivations behind our initiative, how this has influenced the organisation of our online meeting, and discuss the benefits as well as the drawbacks of virtual meetings. Virtual conferences may not fully replace in-person meetings, but they are rapidly becoming an accepted alternative format. We discuss the hybrid online/in-person conference format as a future possibility that may offer an opportunity to reduce the environmental impact and accessibility barriers associate with in-person meetings without comprising networking and community-building opportunities.

Highlights

 Virtual Winter School on Computational Chemistry, https://winterschool.cc/ running annually since 2015.  To meet our goals: 1) Availability; 2) Community building; 3) Supporting young scientists, we make our virtual conference free for participants.  Active participation defines the virtual meeting as a conference rather than a series of webinars.  Drawbacks of a virtual conference originates from significantly reduced personal contacts.  For the future, it might be desirable to work towards a hybrid online/in-person conference format.

Introduction

The recent article 'A year without conferences' published in Nature (16 March 2020), by Giuliana Viglione [START_REF] Viglione | A year without conferences? How the coronavirus pandemic could change research[END_REF], ending with the phrase: "You can't just suddenly make a conference be online.", motivated us to share our extensive experience with running an annual online computational chemistry conference since February 2015 (Virtual Winter School on Computational Chemistry, https://winterschool.cc/). This series demonstrates that making an online conference is possible, and that it can be done "suddenly" too. Now, almost four months after the appearance of the Nature article, it is clear that the COVID-19 pandemic has caused a huge shake-up in both the education and conferencing landscape. We are most probably looking into a new virtual future. With this contribution we want to show the benefits and possibilities, but also the problems, arising from the current paradigm shift towards a new reality, where virtual conferences start to be the new and widely used means of communication. We do not intend to take a technical approach, nor intend to write a fulllength review, but rather highlight some ideas and the philosophy behind our online initiative, discuss the benefits as well as the drawbacks of a virtual meeting and provide new perspectives for those considering organizing their own events. In the future, we foresee a combination of the virtual and in-person events as a way of maximizing the benefits of both formats for presenters and attendees.

The World Wide Web is widely in use since 1993, but as Murray-Rust P. et al. discuss, in 1996, limited bandwidth hindered sharing of even simple graphical representations of molecules and data, a key component of computational chemistry conferences [START_REF] Murray-Rust | The World-Wide Web as a chemical information tool[END_REF]. Thus, real time conferences, particularly with 'real time' participant sharing, were unthinkable at that time. With the ever-increasing availability of bandwidth, sharing visual information, even for more complex renderings and animation, is now possible. Technological improvements, particularly the possibility to transmit audio with minimal latency for N connected devices, have meant online conferences could evolve and move closer to 'real-time' communication. Events are no longer disconnected paper submissions and asynchronous messages but instead almost fully immersive real-time experiences.

When we started the Virtual Winter School on Computational Chemistry, there were not many online conferences and if travelling were not a possibility, it could be challenging to engage with the scientific community and the latest developments. The motivation in 2015 behind our first online Winter School was to ensure that scientific lectures could be followed by every scientist, even those who could not attend traditional conferences, and with the wish to facilitate scientific communication within this wider community. This idea of using the internet as tool for academia and information sharing was nothing new. In 1994, Steven M. Bachrach created the first website to share chemical information. He founded the Internet Journal of Chemistry to explore what could be done with the internet technology and to investigate how the internet could enhance scientific publications [START_REF] Chamberlain | Editor-in-Chief and Co-Founder of the Internet[END_REF]. A more detailed overview of electronic conferences held on the World Wide Web can be found in Murray-Rust P. et al. [START_REF] Murray-Rust | The World-Wide Web as a chemical information tool[END_REF]. Here, we present a comprehensive history of online meetings in the computational chemistry community. In 1995, Steven M. Bachrach ran the first virtual computational chemistry conference [START_REF] Bachrach | Electronic Conferencing on the Internet: The First Electronic Computational Chemistry Conference[END_REF] (ECCC, Electronic Conference on Computational Chemistry) and Henry S. Rzepa followed this up with ECTOC (Electronic Conference on Trends in Organic Chemistry. (All the contents of these conference are still available online at http://www.ch.ic.ac.uk/ectoc/). These were made to share information among (computational and theoretical) chemists using media alongside regular conferences. The International Electronic Conference on Synthetic Organic Chemistry (ECSOC) started in 1997 and is still ongoing. The Committee on Computers in Chemical Education of the ACS Division of Chemical Education hosted from 1993 to 2017 the online ConfChem conference [START_REF] Belford | Confchem: Web-Based Applications for Chemical Education[END_REF] The ongoing COVID-19 pandemic has caused a sudden change in the world's situation and in the conferencing landscape. At the beginning of the pandemic, questions were raised as to how, or whether, scientific conferences would survive the corona-shock [START_REF] Viglione | How scientific conferences will survive the coronavirus shock[END_REF]. However, many scientific communities and conference organizers have rapidly adopted virtual formats and within a very short time many well-established, large conferences are now going online; examples are GPUtech (https://www.nvidia.com/en-us/gtc/), C3DIS (http://www.c3dis.com/), the first Virtual Edition of the Wannier90 school (http://psi-k.net/generalannouncements/videos-of-the-wannier90-school-virtual-edit/) and the CLEO conference (https://www.cleoconference.org/). New online initiatives are emerging as well, as for example the GitHub site of Simon Duerr (EPFL, Lausanne, Switzerland, https://duerrsimon.github.io/VCMS/index.html), the Photonics Online Meetup (POM) [START_REF] Reshef | How to organize an online conference[END_REF] and the Polariton Chemistry Webinars (https://www.youtube.com/watch?v=o3-tBGLYGFQ).

Moving an event online is not an insurmountable challenge, particularly once the organization of an in-person conference is finished. This is because the main elements of any conferencethe organizers, participants and speakers -are already there. The one additional step required to go virtual is obtaining online conferencing software. There are many commercially available conferencing software packages, for example: Zoom, Goto, Newrow and Webex. Other possibilities include live streaming talks through sites such as YouTube and Vimeo. Blending across several platforms is also possible. An interesting example of a mixedplatform meeting is 'Quantum Battles in Attoscience' (https://www.quantumbattles.com/). This original in-person event incorporated for the 2020 edition social media with livestreamed talks and real-time communication platforms such as Slack. The choice of software or platform depends on many factors, including predicted audience sizes and desired level of participant interactions. Preferably, speakers and participants are trained in how to use the conferencing software before the start of the conference. As well as the main talks or lectures, even hosting virtual poster sessions is feasible (e.g. through a forum or as Twitter conference, cfr.

RSC poster Twitter conference https://www.rsc.org/events/detail/43176/2020-rscposter-twitter-conference).

In person meetings: current criticism and their future

Criticism of in-person meetings often centers on the environmental impact and logistical complications of travel associated with attending in-person events. Not everyone is able to travel to attend scientific conferences, for many reasons including financial, health or family issues or teaching duties. While recent efforts by organizations such as the Royal Society of Chemistry to introduce additional financial support to facilitate travel for those with caring responsibilities, or other organizations (including the American Chemical Society) to make childcare available at conference sites, this additional support alone is still not enough to make conference attendance and travel a possibility for many people.

The carbon footprint associated with travel to academic conferences has become another widely held concern. Although international conferences are excellent environments for scientific discussion and networking, the combined environmental cost of all the travel by the participants is huge. Many case studies show that academic conferences produce a substantial amount of CO 2 , of which travel accounts for a significant proportion (See For example [START_REF] Jäckle | WE have to change! The carbon footprint of ECPR general conferences and ways to reduce it[END_REF]). In the discussed example of Desiere S. [START_REF] Desiere | The Carbon Footprint of Academic Conferences: Evidence from[END_REF], 10% of the participants accounted for nearly 50% of the total emissions. These 10% of participants were travelling between 2400 and 16000 km.

In response to these criticisms of in-person events, there have been ongoing discussions on reducing the frequencies and number of meetings and about pooling conferences; see for example the recent Nature column by Hamant, O. et al [START_REF] Hamant | Seven steps to make travel to scientific conferences more sustainable[END_REF]. Unfortunately, there is little discussion on how this can be realized while mitigating the associated professional impact of fewer conference opportunities, of which early-career scientists with precarious positions are likely to be disproportionately affected. Virtual conferences -which can be followed from home without the need to travel and of which the recordings allow people to watch them at a suitable time -offer an excellent way to address the main criticisms associated with in-person events without impairing professional opportunities. The Virtual Winter School was therefore founded as a conference on the following principles: 1) Availability: Ensure free access to lectures given by prominent computational chemists to scientists worldwide; 2) Community building: Facilitate international communication and the exchange of ideas between specialists of different fields; 3) Supporting young scientists.

It is highly improbable that in-person events will ever completely disappear, given the recognized benefits of in-person meetings in facilitating multi-way exchanges between many participants (see for example [START_REF] Oester | Why Conferences Matter-An Illustration from the International Marine Conservation Congress[END_REF]). We think that the future of flesh-and-blood conferences lies instead in an online/in-person hybrid format.By either broadcasting talks from the meeting online, or speakers delivering their presentations virtually, it is possible to reduce the environmental burden of participants travelling the greatest distances, which even if they only account for 10 % of the attendees, account for 50 % of carbon emissions [START_REF] Desiere | The Carbon Footprint of Academic Conferences: Evidence from[END_REF]. Participation without travel creates the opportunity to extend conference attendance to larger audiences at minimal additional cost as well as reducing the financial and time burden of travel-related expenses. As conference attendance is generally considered as beneficial for an individual's career, this will create better opportunities for e. g. people from less well-financed institutes and for primary care givers (see [START_REF] Tower | Cumulative Disadvantage: Effects of Early Career Childcare Issues on Faculty Research Travel[END_REF] and references herein). There are many ways how such hybrid events could work in practice, including allowing participants from a well-defined local geographical area to attend an in-person event while participants outside that region can follow the conference online. If each year the region changes, the travel impact can be lowered, with limited impact on the social aspects. Hybrid conferences can also be envisaged for example when a local seminar day is organized among groups of the same or neighboring universities. Recording the lectures and/or live broadcasting them would as such make the seminar beneficial for a more people living too far to travel for one day. Many combinations of in-person and virtual formats could become feasible with additional technical developments and growing expertise in running such events.

Components of an online conference: audience participation and community building

For online meetings, a wide variety of formats can be adopted, ranging from a webinar series to a full online conference. The Virtual Winter School was founded as a conference. Key to replicating the full experience of a conference and achieving our goal of community building was to invest heavily in encouraging audience participation. Encouraging and ensuring attendee participation is a well-recognized challenge for online meetings and, at the Virtual Winter School, we seek to address this in several ways. During the talks, attendees can ask questions through the chat functionality of the conferencing software and receive live answers. Through the chat, participants are able to see who else is in attendance and discuss amongst themselves. Several guided discussion sessions are scheduled throughout the conference. During these sessions, attendees can ask questions on any topic, with no restriction to the presented lectures. We motivate participants to give a 5-minute presentation on a 'single figure presentation' (that was previously submitted to the forum of the conference website)a visual equivalent of a 3-minute thesis. Single figure presentations are a single image, highlighting the key idea of the presented work. Informal engagement with each other and speakers using chat boxes is possible at a series of 'virtual tea breaks'. This will not fully replace in-person networking but can serve as a start.

Over the years, we have seen a continuing interest in our Virtual Winter School and returning participants (Table 1). During the course of the conference, people from a very broad geographical area including developing countries are visiting our website (Figure 1). For the 2020 edition, the geographical location of participants, as submitted in their registration forms, is available (Figure 2), confirming indeed the very broad geographical range of participants. This shows that virtual meetings indeed provide an excellent opportunity to broaden the community of attendees and are accessible for many people and therefore we consider this aspect of virtual conferences as its greatest strength. Broadening the community may require extra efforts to outreach to people from low-funded institutes by e.g. special advertising or providing the necessary support and technology. For example, the online 'The Future of Meetings' conference (15-17 September 2020, hosted and funded by CSIRO, https://events.csiro.au/) provides small accessibility grants for invited speakers and selected attendees to reimburse costs made for items as e. g. webcam, headset, internet access or other support as childcare and local accommodation. With the permission of the speaker, we record the live conference talks and have created an archive so that people can listen to them (again) at any time. Given the Virtual Winter School aims to combine pedagogical and novel research results in talks, the archive provides useful study material for graduate students and serves to attract new people in between the different editions. This adds to the creation of a community which is much broader than the traditional communities found for in-person meetings.

There are technical challenges associated with the creation and maintenance of a large archive, which Steven M. Bachrach has discussed already in 2003 [START_REF] Chamberlain | Editor-in-Chief and Co-Founder of the Internet[END_REF]. There are still no collective good solutions for this despite the availability of archive.org, Web of Science, Google Scholar, Research Gate etc. We believe that setting up of a central depository for online lectures would be desirable. Until now (April 2020), our archive has 84 recordings online in the computational chemistry field. These recordings are frequently downloaded afterwards: the total number of downloads from January 2020 till the end of March 2020thus before the world-wide COVID-19 confinement -reads 279. Lectures from early editions are still downloaded, showing a continuing interest in the recordings. Thus, many people benefit from our archive. To extend this online resource and to make recordings from other sources easily findable, we are creatingas a first step towards a central depositorya platform (https://winterschool.cc/resources) collecting links to recorded lectures to facilitate international communication on computational chemistry and the exchange of ideas between specialists of different fields. The page is created in the spirit of Wikipedia, meaning that everyone can contribute by depositing a link to a lecture you found useful or to your own recordings. In the future, it will also be possible to comment and to add information.

Costs related to the organization of a virtual conference

Given that conference registration fees and travel can easily exceed a thousand dollars, another advantage of an online conference is the significantly reduced running costs. Compared to in-person conferences for which usually the hosting and travel expenses of the speakers need to be covered, virtual conferencing is relatively affordable.

We make the Virtual Winter School free for participants. There is a lot of ongoing discussion in a wide variety of (non)-scientific communities as to whether webinars and online conferences are worth paying for -and of course, the fear exists that a lot of bigger organizations will lose valuable revenue streams by their conferences becoming online events [START_REF] Viglione | How scientific conferences will survive the coronavirus shock[END_REF]. We believe that it is desirable to keep these events free, as financial reasons are traditionally one of the main reasons not to attend a conference. We also think it is possible to keep online conferences free as the running costs for such meetings is significantly reduced compared to a traditional conference.

It is possible to run a professional conference just for the price of the conferencing software (such as Zoom) once an official website or other information channel has been set up. Some caution should be taken when considering the cheaper price packages of virtual conferencing software toolswhile they might look appealing for the budget, most conferencing software offer 'tiers' of subscription, with the cheapest ones often limiting the number of participants or the length of time a meeting can run for.

The creation of a professional website is essential but also the main hurdle to take, from a financial and/or technical point of view. While free alternatives or potentially institutional hosting might be suitable if no advanced functionality is required, the initial set up costs when professional support is required, can be significant. This is particularly challenging for 'mixed-platform' conferences that seek website integration for different aspects of the conference or communication tools. For the Virtual Winter School, hosting talk recordings also requires additional maintenance expenses but has the advantage that the content is fully within our control and, with proper archiving, can be kept secure, which may not be the case when outsourcing to third-party hosts.

Since the technical know-how for the creation of a website and the conferencing software are often the most daunting aspects of setting up an online conference, we are creating a cloneable website that can be deployed at low cost (or for free) by conference organizers. This site will be able to support large conferences with thousands of participants. A user-friendly interface will ensure that conference organizers can easily customize the content. By using open source software (as for example Joomla; the portal in which the Winter School website is built), organizers are not dependent on one hosting company or supplier. This allows flexibility, scalability, sustainability and the independence of each organizer.

Drawbacks of virtual conferencing

In the six editions of our conference (which ran in pre-COVID-19 times), we have received overwhelmingly positive feedback from participants. They mainly experience a virtual conference as beneficial. People from low-funded institutes mentioned that a virtual conference has a large impact on their careers as it is a rare (and probably the only) opportunity to have access to lectures from well-known authorities in the field. Participants can also discuss and present their own work and get feedback from peers from all over the world, which is for people from low-funded institutes highly validated. While speakers also consider a virtual conference as a largely positive experience, they sometimes express that despite the questions asked after the conference, they are sometimes left with little feeling for how well the talk was received. Giving a virtual lecture is a very different experience than giving a lecture with a live audience. Sometimes speakers are reluctant to have the lecture recorded or to have it stored afterwards. It is essential to have open communication on the recording and to what happens with it afterwards. Before the start of the talk, we ask the speaker for permission to have the lecture recorded. Afterwards we send the recording first to the speaker for reviewing. In terms of storage, we offer four options to the speaker:

1. Please don't keep this recording. (it will be deleted) 2. Please make this presentation publicly accessible 3. Please make this presentation accessible for registered members 4. Please make this presentation accessible for a limited time for registered members (it will be deleted after the agreed upon period)

All these steps, together with a clear communication and the offered technical support (which was crucial in pre-COVID-19 times, when people were not so familiar yet with online events) can help to overcome initial hesitation and avoids possible problems afterwards.

A virtual conference is at the mercy of the quality of an internet connection, leading to inevitable feelings of frustration if the connection is unstable. This can be solved by providing dial-in options. Technical issues and unfamiliarity with software or platforms for speakers and attendees are another source of frustration, but can be somewhat circumvented with training events. Probably, most of these technical issues and feelings of hesitation are now overcome as people get more and more used to online events due to the COVID-19 constraints.

A major concern for online meetings is the human dimensions and psychological aspects. Scientific events are usually promoted for being an excellent source of scientific exchange, learning and networking opportunities. There is not only the scientific aspect in conferencing, but also the social aspects including cultural exchange. Travelling to an in-person meeting offers the possibility for learning about new places and cultures. Ideas pop up for virtual tourism for participants, but cannot fully replace a "real" sight-seeing experience. Participating in a virtual conference might feel much more like ordinary work, possibly just an extra activity to handle besides the daily routine. It might be much more difficult to find the time to listen to the talks as every day duties are more pressing, whichtogether with the very low commitment involved with registrationcould also explain why usually a much lower number of registered participants actually participate in webinars and online talks. Online events do not really offer the opportunity to take a step back from the research activities, to refresh the mind or to look (literally) from a distance which most likely stimulates thinking. One of the greatest challenges with the online format is creating opportunities for informal contact and networking, as well as scientific discussions outside the appointed discussion moments. There is great interest in reproducing social inter-activity for which we are still experimenting to find the right format. With the Winter School we played with synchronous chat rooms (virtual 'tea breaks') and scheduled discussion sessions. Following the conference as a group in which the lectures can be discussed afterwards can also be a workable option to stimulate interaction. Another example of investing in the stimulation of participant interaction comes from the annual American Physical Society meeting (https://aps-april.onlineeventpro.freeman.com/). They provided biographies of participants and there was a matchmaking app to initiate contacts [START_REF] Viglione | How scientific conferences will survive the coronavirus shock[END_REF]. Finding creative solutions for online networking is a challenge for the whole community, but these barriers are likely to be reduced as attendees become more comfortable and experienced with in-person conferences in a virtual environment.

Outlook and conclusions

Virtual conferences have become (more and more) the new reality. This has many benefits: virtual meetings are a cheap and ecologically friendly format for knowledge transfer and scientific communication and overcomes many of the accessibility barriers surrounding traditional conferences. They are extremely powerful and bring additional value to many people and may even belittle the gap between high-and low-educated regions. But virtual meetings are also inherently impoverishing as they miss the extra dimension of the direct human-to-human interaction. The significantly reduced personal interactions between participants are considered as the main drawback of online conferences. Therefore, virtual conferences cannot (and hopefully won't) fully replace in-person meetings. Virtual meetings do not have to recreate the same types of events that could be held in person nor they should be perceived as 'lesser' as in-person events. While the ease of setting up new webinars is an excellent opportunity for bringing new voices to the scientific community, this comes with the danger of online events being created with little thought and purpose, simply because everybody else is doing so. The real challenge of any event is designing a meaningful, founded meeting giving added value for both speaker and attendee.

We see now either virtual conferences or in-person meetings. However, for the future, it might be desirable to work towards a hybrid online/in-person format to reduce pressure from environmental and availability factors without impairing social networks. Lectures from inperson conferences can be recorded or broadcasted to give the chance to a (geographically) wider audience to benefit from the lectures. This format would also be advisable to not separate the community in people attending virtual meetings and traditional conferences. Virtual conferences should not end up creating several subgroups but strive to take advantage of their inherent ability to broaden the audience. An online/in-person hybrid conference might however be a bit more complicated to set up, but with the attained knowhow of successfully held virtual conferences, not necessarily fiction and hopefully soon a fact.

Extra Information

An information webinar was held on 13 May 2020 on how to run an online conference. The recording of this session can be freely accessed here: https://winterschool.cc/how-to-run-anonline-conference.
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 1 Figure 1: Geographical distribution of people visiting the winterschool.cc website (taken from Google Analytics) during the last three editions of our conference. The color code shows the total number of visits, varying from 1 (pale blue) to the maximum number of visits (dark blue).

Figure 2 :

 2 Figure 2: Number of participants registered per country for the Virtual Winter School edition 6: February 2020.

  (http://www.ccce.divched.org/confchem_archive). In July 2008, the Virtual Conference on Chemical Education was held as part of the 20 th International Conference of Chemical Education in Mauritius; in 2011, there was a virtual conference on the Future of Women in Chemistry and in 2012, a 1-day Winter Virtual Conference. Since 2013, Ponnadurai Ramasami has organized the VCCC, the Virtual

	Conference	on	Computational	Chemistry	[6](link	to	the	first	edition:
	https://sites.uom.ac.mu/vccc/). This series ran annually till 2015. From 2016 till 2019, the
	Virtual Conference on Computational Science was held annually (VCCS; link to the first
	edition: https://sites.uom.ac.mu/vccs2016/), which was replaced in 2020 by the Virtual
	Conference	on	Chemistry	and	its	Applications		(VCCA;
	http://sites2019.uom.ac.mu/vcca2020/). Inspired by these examples (see also the article of
	Ponnadurai		Ramasami	published			online:
	http://irfd.org/events/wfsids/virtual/papers/sids_pramasami.pdf), we started the Virtual Winter
	School on Computational Chemistry (https://winterschool.cc/) that has been running since
	2015 on a yearly basis. What the annual conferences of the Virtual Winter School have shown
	is that it is possible to recreate many aspects of a traditional conference, and to go beyond
	simply broadcasting a series of lectures to a global audience, by also including events such as
	poster sessions and opportunities for participant interaction.				

Table 1 :

 1 Number and distribution of the registrations to the Virtual Winter School on Computational Chemistry over the past three editions.

	Edition	Edition	Edition 5	Edition 6
		4	(2019)	(2020)
		(2018)		
	Total number of	788	604	728
	registrations			
	PhD Student	394	301	351
	Post-doctoral	131	108	103
	Researcher			
	Senior	80	55	72
	Researcher			
	Other	183	140	202
	Submitted	60 *	33	17
	posters on the			
	forum			

*

Poster prizes were available.
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