Camille Masselot 
  
Liubov Tupikina 
  
Marc Santolini 
  
Best Practices of Interdisciplinary Communication in Complex Systems Research Report as part of the BMBF projekt "Krisenkomplex"

Timme aim to contribute to a sustainable crisis management of socio-economic and ecological challenges by advancing complex systems research toward application-

Background and rationale

As the world faces a rise in the number of complex challenges that threaten the resilience of our economic, environmental and social systems, we observe a shift towards more collaboration and openness in the way science and innovation is performed [START_REF] Burgelman | Open Science, Open Data, and Open Scholarship: European Policies to Make Science Fit for the Twenty-First Century[END_REF][START_REF] Elliott | Making Open Science Work for Science and Society[END_REF][START_REF] Nosek | Promoting an open research culture[END_REF], bringing closer governments, civil society, and the private sector. Examples of this include the efforts made to accelerate society's progress towards Sustainable Development Goals (SDG) [START_REF] Fraisl | Mapping citizen science contributions to the UN sustainable development goals[END_REF] and the fight against pandemics such as COVID-19 [START_REF] Auffray | COVID-19 and beyond: A call for action and audacious solidarity to all the citizens and nations, it is humanity's fight[END_REF]. In response to such complex, multi-scale problems, the practice of science is changing. Research demonstrates that the intensity and the diversity of collaboration positively affect the quality [START_REF] Liao | How to improve research quality? Examining the impacts of collaboration intensity and member diversity in collaboration networks[END_REF] and productivity (Juan et al., 2012) of research while positively impacting the knowledge integration from participants [START_REF] Polk | Transdisciplinary co-production: Designing and testing a transdisciplinary research framework for societal problem solving[END_REF]. Likewise, participant transdisciplinarity [START_REF] Leavy | Essentials of transdisciplinary research: Using problem-centered methodologies[END_REF] seems critical to generating innovative outcomes [START_REF] Stokols | Toward a Science of Transdisciplinary Action Research[END_REF] and dealing with complex real world problems [START_REF] Klein | Evaluation of interdisciplinary and transdisciplinary research: A literature review[END_REF].

Such mechanisms are often at play in the field of citizen science (also often referred to as "crowd science" or "networked science"), promising to transform the knowledge generation landscape by tapping into networks of non-academic citizens [START_REF] Franzoni | Crowd Science: The Organization of Scientific Research in Open Collaborative Projects[END_REF][START_REF] Nielsen | Reinventing discovery: The new era of networked science[END_REF] in a new social contract for this kind of research [START_REF] Vayena | Research led by participants: A new social contract for a new kind of research[END_REF]. Accordingly, multiple approaches to create and develop knowledge and solutions to complex challenges have slowly entered the mainstream. Hackathons, challenge-based approaches, and the participation of citizens in science have been flourishing over the last two decades [START_REF] Bosman | The Scholarly Commons-Principles and practices to guide research communication[END_REF], especially within the natural sciences [START_REF] Hecker | Citizen science innovation in open science, society and policy[END_REF] and more recently, medical sciences, public health and population-health research [START_REF] Katapally | The SMART Framework: Integration of Citizen Science, Community-Based Participatory Research, and Systems Science for Population Health Science in the Digital Age[END_REF][START_REF] Rowbotham | Does citizen science have the capacity to transform population health science?[END_REF]. [START_REF] Angelidis | The hackathon model to spur innovation around global mHealth[END_REF][START_REF] Kienzler | Learning through inquiry: A Global Health Hackathon[END_REF][START_REF] Ramatowski | Planning an innovation marathon at an infectious disease conference with results from the International Meeting on Emerging Diseases and Surveillance 2016 Hackathon[END_REF]. Such initiatives are not without pitfalls: they suffer, by design, from the lack of paths to sustainability for the projects they launch ("Are Civic Hackathons Stupid?," 2013). In response to such criticisms, there are increasing efforts, such as "Make the Breast Pump not Suck" hackathon and "Trans*H4CK", to improve hackathon methodology by working directly with affected communities [START_REF] D'ignazio | Data feminism[END_REF]. Several initiatives such as MIT collaborative design studio provide insights on hackathon methods (Costanza-Chock, 2020) to facilitate better hackathons [START_REF] Day | How do the design features of health hackathons contribute to participatory medicine[END_REF][START_REF] Depasse | Less noise, more hacking: How to deploy principles from MIT's hacking medicine to accelerate health care[END_REF]. More recently, multiple entities have engaged in organizing hackathons to address the COVID-19 crisis (Pan-European Matchathon, n.d.; #WirVsVirus -#WirVSVirus, n.d.). Challenge-based approaches, providing frameworks for learning while solving real-world issues, have also been on the rise in global health, incentivizing collaboration across a broad range of disciplines and backgrounds [START_REF] Pan | Systematic review of innovation design contests for health: Spurring innovation and mass engagement[END_REF]. For example, the potential of participative models to address complex questions, and the power of contests to offer a structure that catalyzes this work, has been exhibited by the "Epidemium" initiative on cancer epidemiology (Benchoufi et al., 2018a).

Despite the numerous tools and technologies created to facilitate collaboration and communication in citizen science projects, challenges remain. These include the issue of the complementarity, coherence and diffusion of these initiatives [START_REF] Bosman | The Scholarly Commons-Principles and practices to guide research communication[END_REF] to efficiently address international policies and local needs, as often the local adoption of hackathon solutions remains low ("Are Civic Hackathons Stupid?," 2013).

At a more fundamental level, large-scale collaborations introduce a set of unique challenges, from communication to coordination, which, if left unaddressed, could jeopardize the completion and the success of the project. Prompted by the prevalence of the phenomenon, multiple studies have explored how team size [START_REF] Wu | Large teams develop and small teams disrupt science and technology[END_REF], composition [START_REF] Guimerà | Team Assembly Mechanisms Determine Collaboration Network Structure and Team Performance[END_REF][START_REF] Palla | Quantifying social group evolution[END_REF][START_REF] Uzzi | Scientific teams and networks change the face of knowledge creation[END_REF][START_REF] Woolley | Evidence for a Collective Intelligence Factor in the Performance of Human Groups[END_REF], organization [START_REF] Barkoczi | Social learning strategies modify the effect of network structure on group performance[END_REF][START_REF] Klug | Understanding the group dynamics and success of teams[END_REF]Uzzi & Spiro, 2005) or dynamics [START_REF] Riedl | Teams vs. Crowds: A Field Test of the Relative Contribution of Incentives, Member Ability, and Emergent Collaboration to Crowd-Based Problem Solving Performance[END_REF] determine team survival and performance. Such studies rely on network theory and dynamical systems frameworks [START_REF] Palla | Uncovering the overlapping community structure of complex networks in nature and society[END_REF]Scharnhorst et al., 2012), allowing in particular to unravel hidden community workflows and information exchange within topological communities [START_REF] Lehmann | Fundamental Structures in Dynamic Communication Networks[END_REF]. In addition, the sociology of science has offered numerous in-depth insights from case studies [START_REF] Owen-Smith | Managing Laboratory Work through Skepticism: Processes of Evaluation and Control[END_REF], revealing the factors that influence the way a group of individuals work together [START_REF] Latour | Laboratory Life: The Construction of Scientific Facts[END_REF]. This has led to the extraction of four organizational challenges of particular importance for coordinating citizen science projects: the division of tasks into simple, well-defined entities, the allocation of tasks to different actors matching their area of expertise, the provision of rewards to motivate contributions, and the provision of information to enable successful collaboration and decision making [START_REF] Nosek | Promoting an open research culture[END_REF][START_REF] Puranam | What's "New" About New Forms of Organizing?[END_REF].

Facing these challenges, the individuals or organizations running large scale networked projects have a limited understanding of the types of coordination that are needed when multidisciplinary contributions exist [START_REF] Dickel | The "Problem of Extension" revisited: New modes of digital participation in science[END_REF]. In this report, we aim to document best practices that we have observed from our experience running large-scale, interdisciplinary crowd science projects during the 2019-2021 period to address complex and global challenges within the collaborative platform Just One Giant Lab (JOGL 

Objectives

Our main objective is to distillate learnings from 2 years of working with distributed, international, interdisciplinary communities. We aim to provide a clearer picture of the coordination, communication, governance and reward systems that have been implemented, and discuss their relevance to the case of a Complex Systems Hub.

Assumptions

Some concepts that we use in this report can have different interpretations, therefore we provide a few definitions in order to clarify our language:

• Community: we refer to a group of individuals with an emotional connection or/and identification between members of the group. If group members do not have an identity or emotional affiliation with one another and don't share a group identity, then there is no feeling of community. Examples can be found with intentional communities (see the Conscious Coliving Community Facilitation playbook ). In the 1 scientific context, such groups constitute "epistemic communities", identifying through their shared interest towards a certain topic. • Crisis: is any event or period that either will or might lead to an unstable and dangerous situation affecting an individual, group, or all of society. • Interdisciplinarity collaboration -refers to a collaboration taking place between scientists coming from different disciplines of science (Open Innovation, Open Science, Open to the World, 2016).

This report is aimed at interdisciplinary, epistemic, open communities. We assume that the community is predefined (colleagues, members of an organization) and constitutes an open system (individuals can enter and leave the system). Individuals in this community have various backgrounds (scientific and non-scientific) and interests, and do not necessarily know each other beforehand. Yet, they are tied by the same goal, project, or organization. We do not restrict our scope to the case of individual motivation driving actions (as is often the case in citizen science), and assume that there is an incentive structure for contributing to tasks (e.g. monetary or authorship). We finally assume that individuals speak at least one language in common and use digital tools to communicate.

Methods and Implementation

Study design and methods

This report provides a retrospective study of the OpenCovid19 program on JOGL. Case studies are often used in the fields of business, policy, and medical sciences in order to investigate complex issues or interventions in real-life settings [START_REF] Crowe | The case study approach[END_REF]. We leverage this approach to discuss the barriers and facilitators for implementing such interdisciplinary programs to inform future decisions.

To document the requirements for a successful communication structure in interdisciplinary research teams, we focus on the OpenCovid19 community. In particular, we build on findings from Olga Koshagina in her qualitative study on the OpenCovid19 program [START_REF] Kokshagina | Open Covid-19: Organizing an extreme crowdsourcing campaign to tackle grand challenges[END_REF] as well as recommendations elaborated by the JOGL coordination team in the playbook "How to build and manage Open Communities" (Mains & JOGL community, 2020).

The qualitative study of [START_REF] Kokshagina | Open Covid-19: Organizing an extreme crowdsourcing campaign to tackle grand challenges[END_REF] relies on data collected through a virtual community ethnographic observation (in particular community calls) combined with secondary data collection on the platform and connected tools that the community used, including Slack, Facebook, Twitter, and Medium over 5 months (March 2020-August 2020). The analysis then relies on a thematic coding procedure to identify, analyze, and report emerging themes from the data. The report from (Mains & JOGL community, 2020) relies on semi-structured interviews of community members of OpenCovid19 and was collaboratively edited by members of the community.

The JOGL community playbook is a useful resource to help navigate how these insights translate into community building guidelines (Mains & JOGL community, 2020). This guide can be found in an open repository at the following address: https://app.jogl.io/project/510.

In order to complement the findings extracted from the OpenCovid19 case study, we performed an exploratory literature review and integrated learnings from other open research programmes that have been run within the JOGL framework (Benchoufi et al., 2018b;[START_REF] Masselot | Co-Immune: A case study on open innovation for vaccination hesitancy and access[END_REF].

State of the Art

The OpenCvodi19 programme that we focus on in this report falls within the "Crowd Science" [START_REF] Franzoni | Crowd science: The organization of scientific research in open collaborative projects[END_REF] and open innovation [START_REF] Kokshagina | Open Covid-19: Organizing an extreme crowdsourcing campaign to tackle grand challenges[END_REF] frameworks. The focus on "Grand Challenges" is particularly useful to situate the present report. As summarized by [START_REF] Kokshagina | Open Covid-19: Organizing an extreme crowdsourcing campaign to tackle grand challenges[END_REF]:

George et al. define grand challenges as global problems that are only effectively addressed through a coordinated and collaborative effort (George et al., 2016). Grand challenges are subject to enormous complexity because of the many interactions and nonlinear relations, and the outcomes and problem spaces are highly uncertain (Ferraro et al., 2015). Working on grand challenges involves collaboration on complex questions that require multidisciplinary contributions (Sun et al., 2020). Participants generally belong to different communities with different practices and approaches. Therefore, the collaboration needs to evolve and includes new contributors who may introduce new skills and data into an open and complex research design (Van Rijnsoever and Hessels, 2011;König et al., 2013). [...] Grand challenges usually require going far beyond the span of formal organizational control where clear hierarchy is absent, making typical top-down approaches to management ineffective in resolving these problems. Owing to the limits of top-down approaches, academics turn to alternative forms of organizing where partners and communities work together to drive their R&D efforts (Chesbrough et al., 2006;Ahn et al., 2019).

Beyond qualitative insights, a large-scale quantitative analysis was recently conducted across 32 initiatives from 6 continents to extract standard modes of co-production to address complex sustainability challenges [START_REF] Chambers | Six modes of co-production for sustainability[END_REF]. The authors exhibited six modes of co-production: (1) researching solutions;

(2) empowering voices; (3) brokering power; (4) reframing power; (5) navigating differences and (6) reframing agency. They then scored the different approaches in terms of activating different outcomes, from network building to inclusion, risk management or knowledge production. This study highlights how different methods can promote different goals, and can therefore guide the design of co-production networks beyond the case study presented within this report.

Results

The OpenCovid19 context

The OpenCovid19 community

On March 1, 2020, a community of biologists, developers, and data scientists launched the OpenCovid19 project on the JOGL collaborative open platform. JOGL aims at designing a virtual, open, and distributed research institute to develop solutions in order to meet the Sustainable Development Goals (SDGs) defined by the United Nations. Within only 1 month, there were over 60,000 visitors from 183 countries, including 3,000 active contributors generating more than 90 projects ranging from mask designs to low-cost ventilator prototypes and cough-classification artificial intelligence apps. The community spanned several areas: hardware and software development, data analysis, biology, project management or education among others (Figure 1). 

Structuration of OpenCovid19

Table 1: Summary statistics on the OpenCovid19 challenges [START_REF] Kokshagina | Open Covid-19: Organizing an extreme crowdsourcing campaign to tackle grand challenges[END_REF].

The JOGL team organized the program across five challenges. Table 1 provides an overview of the number of projects submitted, members, needs indicated, and claps received on the JOGL platform. The program's objective was to develop alternative designs for the equipment, to test and manufacture them by building a community of partners, and to share resources in order to provide complimentary R&D support.

As such, OpenCovid19 presents a case of extreme open crowdsourcing: solvers collaborate openly and can join at any time. JOGL provides a platform of full disclosure where results are documented openly and shared with anyone. This case is therefore relevant to study the coordination of extreme crowdsourcing for grand challenges.

OpenCovid19 operates within an open research programme coordinated by JOGL. The architecture of JOGL programmes is shown in Figure 2 and further detailed in [START_REF] Masselot | Co-Immune: A case study on open innovation for vaccination hesitancy and access[END_REF]. In order for the community to focus on project development and implementation, JOGL focuses its activity on tool deployment (JOGL platform and Slack workspace), event organization (community calls, challenges), and community coordination (facilitating onboarding and collaborations), and financial support via micro-grants allocated by community peer-review.

Figure 2: The architecture of a JOGL program

People could join as project leads or participants and contribute to projects, interest groups or working groups.

Along with the platform, a Slack workspace was provided for fostering community communications. This allowed for an "emergent coordination" to happen based on the communication needs of the community (see Results). The network of Slack channels highlights the structure of the OpenCovid19 community (see Figure 4).

The main components underlying the OpenCvodi19 community structure is summarized in table 1 below: Each WG has at least 1 dedicated channel.

types of workgroups:

-A project team working on a specific covid19 solution is a WG -A channel that focuses on a specific technology that is applicable to multiple covid19 solutions is a WG

As the community scaled, we saw a stratification emerge into working groups and interest groups that allowed to both improve the community coordination as well as create spaces for subcommunities to thrive: 

Communication within OpenCovid19

In terms of information circulation, we had two specific objectives:

-External: keep the public informed on what projects are doing within the OpenCovid19 initiative -Internal: highlight needs and avoid redundancy by creating synergies ("designing serendipity")

To meet these objectives, the communication strategy focused on several tools (Table 5), processes (Table 6), and events (Table 7) described below. 

Mode of co-production within OpenCovid19

We can frame this initiative according to the framework provided by [START_REF] Chambers | Six modes of co-production for sustainability[END_REF]. Chambers et al. highlight in particular two key motivations for co-producing: to more effectively solve predefined problems and to reframe problems. OpenCovid19 belongs to both categories, as it aims at providing solutions to the COVID19 crisis while coping with the constantly evolving needs generated by the crisis. Leveraging the categories produced by Chambers et al. (Figure 2), we can situate OpenCovid19 as being "Researching solutions", putting an emphasis on producing knowledge and solving problems by fostering direct agency rather than reframing paradigms. 

OpenCovid19 workflow

In the next sections we elaborate key learnings for best practices based on the OpenCovid19 programme workflow. We divide it into two parts: describing the "emergent" coordination structure, and the communication and open knowledge exchange:

Principles underlying Emergent Coordination:

• Facilitating the onboarding and orientation of voluntary participants-participative architecture • Continuously embedding and improving predictability for participants Due to the open nature of the OpenCovid19 ecosystem, new individuals are continuously joining the initiative and are confronted with an existing and large structure within which they need to be able to navigate. During their journey, they will enter new projects, groups or communities within that initiative. Their proper onboarding and orientation is therefore key to efficiently integrate them within the initiative. The onboarding process should be seamless, designed to reduce friction and be as fast as possible to minimize the chances of people to drop-out. We develop below recommendations for optimizing the onboarding process.

Acknowledge the motivation of future community members and clearly communicate the core value and vision of your initiative

Understanding the motivations of individuals joining an initiative is key to setting up the right type of communication process. Individuals join communities based on shared interest or based on social bonds. The design of the community then affects the type of bonds created within it [START_REF] Ren | Applying Common Identity and Bond Theory to Design of Online Communities[END_REF]). OpenCovid19 is an example of an interest-based community. In OpenCovid19, people joined because they felt the urge to solve the COVID19 crisis, and most people didn't know each other before.

Motivations are different across individuals and can conflict with the core values of the initiative. It is therefore critical to express the core values of the initiative early enough in order to provide a motivation beacon for individuals who join the initiative. In OpenCovid19, we co-elaborated the values of the initiative with community members and formalized them in a code of conduct (see Annex, Code of Conduct). By contributing to the initiative, you agree to act in good faith to maintain an environment of inclusion, safety, and open dialogue. We repeated these principles at the beginning of each global community call. The code of conduct was made visible to all, especially to the newcomers during the onboarding process.

Facilitate triaging and navigation of your initiative

It is possible to leverage motivational aspects and shared values at the entry point of an initiative by using a mix of self-triaging and point-of-contact triaging.

Triaging was done at the very first step when someone entered, focusing on what they have to offer and what they need. While triaging can be active and involve the community coordinators, self-triaging can be fostered by providing participants with a triage diagram (see Annex, Triaging Diagram). On the online JOGL platform, two features were designed to foster self-triaging. First, the activity status of ongoing projects was useful to guide participants in places where other participants were active. Second, project needs could be explored by the type of skills required as well as date added, allowing to guide participants towards projects where they could best contribute.

Yet, self-triaging can be limited, and it is crucial to have a human point of contact for triaging, a person that participants can refer to if they are lost. We observed that the identification of such a role led to an increased engagement rate of newcomers. Similarly, at the level of individual team-based projects, it is important to specify one specific person that has an overview of the project needs and can interface with the rest of the community and the coordination team.

Ease your onboarding process

In order to facilitate the onboarding process, we did three things. First, we created an onboarding web page including: a summary of active projects and their needs, the latest announcements from the core team, and an overview of active challenges. We provided static information in the form of a "Get started" and "Learn more" buttons, leading to pages explaining the background of the initiative and the typical participant trajectory within the community. Participants could also access a page showing the registered members, with an overview of their skills, resources, interests in particular Sustainable Development Goals (SDGs) and involvement in projects.

Second, we elaborated an onboarding document (see Annex, Onboarding document) that was available at the forefront of all entry points: the JOGL platform and Slack.

Finally we set up automatic channels for people to join in order to facilitate their onboarding. In addition, people were asked to introduce themselves and explain what they can contribute to directly in the introduction channel. This allowed the coordination team to follow up by linking them to relevant people or resources. On demand, coordinators would run 15 minutes one-on-one interviews with members to clarify what their expectations are and help them navigate the initiative. When the demand was too high to have individual conversation, the coordination team organized weekly onboarding calls.

One should be careful about the consistency of the people and processes associated with the onboarding. We tried to implement several roles such as greeters, guides, moderators, and moderators (see Annex, call for community leads) but we had very limited engagement. We hypothesized that the mid-term commitment discouraged people from taking on these roles. To increase engagement, especially in the case of punctual needs (a rush during a crisis), we recommend to gamify the process by setting numerial objectives (eg, "match 10 people to relevant projects"). In addition, we note that students mentioned that such roles were a good opportunity for them to "contribute" when their technical skills were not serving projects or when they wanted to experience leadership and management positions.

Continuously embedding and improving predictability for participants

Structure your community around one or multiple clear and reliable core goals

It is important to clearly define "successes" for the initiative. Some communities use an emotional projection approach for defining success: "what does success looks like?", "what does it sound like?", "what does it feel like?". This is a good exercise to test your different personas (typical users), since success may sound, look, and feel different depending on the members of your initiative. You may not find a consensus on what success is, but you can try to cover and highlight the diversity of successes to the members of your community. For OpenCovid19, one "visible" success was the design of solutions and their implementation ("what does it look like?"). Volunteers in the initiative reported that they enjoyed contributing to something bigger than themselves ("what does it sound like?") and felt that they were doing something useful ("what does it feel like?").

Be transparent on how your community is structured and governed, and on how decisions are made

The organizational structure should be made clear to allow individuals to thrive, and also have a built-in feedback structure to be alert for the needs of the individuals and various parts of your community. It is particularly important to have a clear and stable leadership that provides a long-term scaffold to the community. Finally, engaging your members in designing and maintaining your community structure can help in creating a shared vision.

To increase transparency in OpenCovid19, members of the community created a governance working group that was open for everyone to join in or leave. This group used diverse modes of information sharing: written on Slack for rapid updates and on Google Docs for more permanent storage, and oral during the weekly calls of the governance group. Most importantly, one should be vigilant that the group is not operating in silos. For this, one needs to make sure that all the relevant stakeholders are informed and consulted. In our case, we provided extensive documentation on Google Drive and held topical conversations and subsequent decisions at different meetings to give all community members time to read and contribute.

Find the balance between agility and rigidity in your initiative's structure

In order to foster feedback between the community evolution and the organizational structure, we implemented practices for ensuring both rigidity and agility of our structure. For enhancing clarity, we created a nomenclature on Slack channel names for gaining in clarity. We asked projects to define a project lead who would be the focal point for communications. Finally, we formalized roles and accountability in governance documents that were made accessible to all, clearly identifying coordination teams and providing guides for navigating the community.

The Slack nomenclature was the following:

• #prgm-xx: all channels related to program-wide discussions (working groups, interest groups, boards, coordination) • #chlg-xx: all channels related to challenge-wide discussions • #proj-xx: all channels pertaining to a specific project Within this rigid framework, the community was invited to take leadership in changing the structure of the initiative and make the initiative "agile". For this, we used the following concepts:

• Minimum viable bureaucracy • Do-ocracy, typical of open-source ecosystems, promoting individual leadership in taking actions. For example, anybody could create Slack channels or initiate a task-force when needs arise.

• Holacracy and sociocracy

Tools such as Holaspirit or Glassfrog, often used to implement holacracy, can help visualize and navigate such a distributed structure

Systematize your communication process

In the context of OpenCovid19, the use of public channels on Slack was essential in order to monitor that communication flows well across the community. Creating a nomenclature for the channels helped ensure they would fit a clear purpose. Meta-analyses of social interactions on public channels can then reveal communication barriers: for example the need for an improved onboarding method in Figure 4. 

Adapt your structure and process to the rhythm of the activity of your projects

Like living organisms, organizations require energy to sustain their activity. The maintenance of an activity or a sub-group can be costly for the organization, which will need to adapt to be more efficient. In our case, we followed up with active members who left the initiative in order to inquire about the reason for their disengagement, and discuss possible mitigation strategies.

Collective building of common understanding

Choose an inclusive communication tools, and strategy

The communication strategy is of prime importance to ensure everyone has access to the right information to navigate the intitivative and create meaningful collaboration.

ensure that all voices can be heard, and avoid that personality differences build into structural communication biases. In general, communication tools should be limited in terms of number but cover the entire needs of your members, with each tool having one defined purpose. When choosing tools for community interactions, one should consider:

-The existing tool usage habits in your community (Teams, Slack, Mattermost…) -The geographic disparities: take into account time zones when planning on global meetings. You may want to plan two sessions of meetings (most common is 9am CET and 6pm CET) in order to cover all timezones. -The literacy level -The diversity of mindsets: some individuals need time to reflect before deciding, or may need to think about the question before giving an answer

Use participatory approaches to empower your community members

Community participation allows for a greater engagement of the members in the overall project (World Health Organization, 2021). In the citizen science context, the involvement of citizens in the design of research projects demonstrated an increased relevance of the outcomes. In our case, we leveraged weekly global community calls to give participants the opportunity to voice their needs and contribute to the decision making.

In an interdisciplinary community it is important to ensure that all voices can be heard at all times. This applies to the process of making decisions, to how to run meetings.

Simple rules about meetings:

-Be careful about who speaks first, who doesn't speak, and who decides who speaks -Never bring up a topic, discuss and decide in the same meeting -Share the agenda in advance so that people have time to prepare, suggest changes or communicate important information if they can't attend -Give people time: if you want to brainstorm a topic, make sure you give enough time to people to think individually before putting thoughts collectively

There is a thin balance to find between being inclusive, horizontal, and overloading people with too many things to give their opinion on.

Below we list the questions and answers that drove our process when reflecting on consultation of the community member in decision making. We encourage you to reflect on these.

Questions Answers for OpenCovid19

On which occasions the community should NOT be consulted?

• When the biosafety board decides to exclude a project following their procedures • When a person is going through mediation process because of infringement of the code of conduct On which occasions the community MUST be In our case, we kept regular contacts with projects by conducting one-on-one meetings with project leads to detect barriers, and report back at a higher level. Setting early mechanisms of accountability and decision making is particularly important to avoid unilateral decisions that go against the opinion of the community. The weekly survey shared with projects had a question to mention the project needs, and a spreadsheet for anonymously reporting structural or organizational issues was shared among members of the coordination team. We tried to create an ambassador group composed of representatives of each project to have periodic joint feedback, but it appears simpler for them to have a focal point to contact in case of anything at the coordination level.

Continuous experimentation

Get to know your community and its needs

In order to map the community profiles and motivations, we conducted an initial survey on new registered participants asking for their background, skills, and location. We then sent a weekly form to project leads to collect updates on their project status and needs. This was streamlined by having a "needs" form on the JOGL platform.

Design and implement a continuous monitoring and evaluation strategy

In order to adapt the organization strategy, you need to be able to "know your community": its activity, diversity, collaboration practices, outputs and roadblocks. To collect insights, it is important to implement a continuous evaluation framework. Evaluation is the action of systematic process to judge merit, worth or significance by combining evidence and values (Home | Better Evaluation, n.d.), and is sometimes referred to as project review, assessment, impact analysis, social impact analysis, appreciative inquiry, or cost-benefit assessment. Monitoring the activity, needs, and interactions within your community allows you to collect data for your evaluation. This serves as a check of whether you are on track to reach your goals and take corrective actions or adapt and adjust your objectives. A "Monitoring, Evaluation, Accountability and Learning (MEAL) Officer" is now a standard position within the NGO sector.

Evaluation methodologies can be found on https://www.betterevaluation.org/. Several tools can be useful for monitoring and evaluation. Survey tools encompass Redcap, Google Forms, or Microsoft Access. Using Slack as a main communication channel (or other tools with an API) helps in tracking the communication activity. Yet, digital traces don't encompass the full reality of social interactions, and direct feedback from community members is often more informative when you wish to assess dynamics of collaboration or touch on power-related issues. In our case, we implemented a MEAL working group at OpenCovid19 that conducted semi-structured interviews on lessons learnt as well as satisfaction interviews. We produced an internal report to the coordination team which led to corrective actions, and a Community Playbook for dissemination to the external audience (Mains & JOGL community, 2020). It is to note that depending on the nature of your community (volunteer or not) the corrective actions you take will not be the same.

Design a feedback and moderation mechanism

Feedbacks can range from desires of the community members for improvement, roadblocks to the implementation of certain actions, or reports of harassment or discriminition. It is important to have different reporting methods in order to ensure that people can provide such feedback irrespective of their physical or mental disabilities, langage, gender, etc. For this, it is important to communicate on the moderation process: how are reports handled? With which delay should one expect an answer? Identifying an "ethic" specialist or board can be useful, as well as providing moderation mechanisms in the public code of conduct, and clarifying the consequences. Finally, the moderation team should systematically acknowledge receipt of a report.

3.4.

Open knowledge exchange 3.4.1.

Multidisciplinary knowledge integration

Recent work in the science of team science has demonstrated that teams showing diverse individuals with more equal conversational input displayed higher ability to solve complex problems, a property known as "collective intelligence" [START_REF] Woolley | Evidence for a Collective Intelligence Factor in the Performance of Human Groups[END_REF]. Within OpenCovid19, we did not have any selection criteria on the background and did not organize the teams or projects based on diversity. Rather we tried to match the right profiles to projects based on the expressed needs.

Invest in interpersonal connections and create bonds

Interpersonal connection is the top reason why people stay engaged in an initiative [START_REF] Kraut | Building successful online communities: Evidence-based social design[END_REF]). Yet the serendipitous encounter at the coffee machine isn't possible online. Thus, it must be architected by the community organizers. In our case, a set of people held the role of coordinators. Participants could go to them for any reason: they knew where to find the information. This helped prevent individuals from reinventing the wheel or to disengage because of being lost in the large quantity of information. Coordinators also helped by matching individuals to other relevant individuals. Connecting directly to individuals and not to a group helped craft a personalized introduction and lower the energy barrier to create a bond.

3.4.2.

Engaging in exchanging efforts and not committing directly to the entire project

The coordination team attempted to create synergies and collaborations instead of promoting separate ideas in order to reduce the overall effort. At the triaging level, coordinators encouraged people who joined to identify projects where their skills match.

During the on-boarding process, the coordination team would specifically link people to project leads and provide an updated status of on-going projects and needs on JOGL.

In addition, we organized weekly global community calls to synchronize the community where all newcomers were invited. Projects would quickly present their status, updates and needs. As a consequence, other projects would exchange knowledge and practice. We also organized longer "Open JOGL" online sessions addressing the specific needs of a project.

Facilitated and open translation/ appropriation of the results

Appropriation of the results allows for empowerment of the community members. Because they gain knowledge, or skills, it allows them to reflect differently on their practice. Learning from failures is equally important, and we kept an excel spreadsheet of failures, or struggles.

Other annexes can be found in this folder: https://drive.google.com/drive/folders/1Agu8XjpK_4vLidq9q-nRkjX2uZcEkw0W?usp=sharing .

Figure 1 .

 1 Figure 1. Main areas of focus of the OpenCOVID19 community in JOGL: hardware and software development, data analysis, biology, project management, education and others.

Figure 3 :

 3 Figure 3: Six modes of co-production. Figure taken from (Chambers et al., 2021), highlighting the 6 general modes of co-production, situating OpenCovid19 within the mode "1. Researching solution".

Figure 4 :

 4 Figure 4: Slack interaction network from the week of 1st April 2020, showing public channels as purple nodes with active individuals connected to them. The yellow circle indicates an onboarding bottleneck where new members posting in the introduction channels are not connected to the rest of the network, highlighting a need for a more efficient onboarding methodology that was then implemented. The core of the network is constituted by the coordination team from JOGL HQ members and community leaders, and connects the various subcommunities working on software development, hardware development and biological projects.

  

  

  

  ). JOGL is a collaborative open platform aimed at designing a virtual, open, and distributed research institute to develop solutions in order to meet the Sustainable Development Goals. Since March 2020, a community of 4,000+ individuals has self-organized within JOGL to develop low-cost, open-source solutions to mitigate the COVID19 crisis.

Table 1 : OpenCovid19 components

 1 

	JOGL PLATFORM	OPENCOVID19	OPENCOVID19 TEAMS	OPENCOVID19
	--infrastructure and	STEWARDS	--groups of community	COMMUNITY
	leadership to fuel	--groups of community	members addressing	--collective of individuals
	OpenCovid19	members providing	program challenges	focused on open source
	Community	community-wide support		solutions related to covid19
	Coordination/Strategy	Biosafety Advisory Board	Projects	Community Members
	• Ensure that all	• Panel of community	• Collective of	• Complete intake
	individuals and	experts providing	community	survey
	groups are receiving the support they need and are adhering to the initiative missions and expectations Program --Open Covid19 Initiative • Oversees grant allocation, partnerships and creates	projects with guidance regarding biosafety and biosecurity Steering Committee • JOGL team members and OpenCovid19 community ambassadors establish and resolve short and long term cross-functional goals of community	members explicitly addressing JOGL challenge/s • Complete project profile on JOGL platform • Maintain channel on OpenCovid19 Slack • Elect Project Manager to track results and keep team focused • Elect Ambassador to communicate needs, opportunities, successes and	• Complete JOGL profile • Join OpenCovid19 Slack • Submit post about experience and expertise to #prgm-introduction s • Join project team, interest group or working group Project Managers = project leaders • Accountable for tracking results and keeping teams
	Challenges Challenges • Global needs expressed by JOGL or the Open Covid19 Community	Working Groups • Collective of community members organized around community-wide objectives relative to team needs (eg Governance, Deployment, Communications, Project Review etc.) • Maintain channel on OpenCovid19 Slack • Elect Ambassador to communicate needs, opportunities, successes and cross-functional large the community at requests to and from	cross-functional requests to and from the community at large • Elect Ambassador Slack on OpenCovid19 Interest Groups • Panels of community experts committed to advise and design solutions for challenge/s (Software, Hardware, Design, Research, Students, Public Health, etc.) • Maintain channel	focused Community Ambassadors • Primary point of contact on teams, communicating needs, opportunities, successes and cross-functional requests to and from the community at large • Reporting project needs and updates to program, challenge, level groups
			to communicate	
			needs,	
			opportunities,	

Table 2 : OpenCovid19 community structure
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			Community / Project		
		Program level	Challenges	Projects	Individuals
	What happens? Coordination: systems,	Collaboration takes place	Solutions to	A human is
		processes and tools are	between project teams	covid19-related challenges	choosing to join
		designed and implemented so	working on different	are developed within	the OpenCovid19
		that all individuals and groups	solutions to the same	teams.	initiative.
		in the community are receiving	challenge (e.g. an		
		the support they need and are	innovative face mask and		
		adhering to the initiative	a new type of hand		
		missions and expectations.	sanitizer are solutions that		
		(e.g. the onboarding process)	both address the		
		Strategy: decisions are being	"Prevention" challenge).		
		taken that determine the			
		initiative's growth and			
		trajectory. (e.g. the social			
		media strategy.)			
	Who	Any member of the community	-Project teams are sharing	-Project members:	Anyone can
	participates and	can participate at the	updates, pain points, and	→ Build solutions	participate, by:
	how?	program-level.	best practices	→ Recruit new talent and	-adding value to a
				source tools and	project
		Ways to get involved:		infrastructure needed for	-recruiting new
		-Join a WG: participate in the		their solutions to be	talent for a project
		decision-making on how the		successful	-sourcing
		initiative is being structured.		→ Can report on project	technology for a
		-Be a project ambassador:		updates during Global	project
		represent your project team's		Community Calls	-helping
		experience, and your project's			coordinate the
		programmatic needs to the		-Project leads:	initiative
		appropriate program-level		→ Lead the project	-observing,
		workgroup so that the		internally within the	browsing, and
		opencovid19 initiative can work		project's Slack channel	learning
		better for you.		and on the JOGL platform	
				→ Are the technical	
				experts on the project's	
				solution	
				-Project Ambassadors:	
				→ Report on project needs	
				to appropriate	
				program-level WG	
				→ Are most aware of the	
				project team's structure,	
				needs, pain points	

Table 3 : Working groups and their objectives

 3 projects • Describe the Opencovid19 program framework: including its design, governance/coordination, community, major features • Present the Opencovid19 program outputs: its community, individual successes, projects, commons • Assess the link between the program framework and the outputs • Identify the strengths and weaknesses of the program for open science project creation and development and creation and maintenance of an open science community • Assess the satisfaction of the participants regarding the opencovid19 intiative • Showing case studies of success stories and failures of projects within OpenCovid19. • Equip people to be more successful in their own experience within open-source communities. Ensure that we properly communicate with the greater public the aims of the initiative and the details of specific projects • Manage any relevant social media accounts, postings, and platforms, including but not limited to: Facebook, Twitter, LinkedIn, Instagram, JOGL (project/challenge/program page content is communicated clearly) • Ensures that all branding and messaging regarding the initiative is consistent and of high quality • Keep track of medias talking about the initiative • Develop resources to manage press interactions

	Working groups	Objectives
	Coordination	• Receive needs and priorities from the field by relevant authorities and community
		organizers
		• Review project propositions by community members and provide feedbacks for
		improvement
		• Converge toward commonly accepted solutions that targets best meet the needs
		and priorities defined
		• Offer resources to promising initiatives
		• Help validate tools and methodologies that has been developed through the
		program
		• Share, disseminate, and help the implementation of validated solutions with the
		world
	Governance	• Provide rapid guidance to the opencovid19 initiative growing community

• Provide framework and clarity of organization for [new] members • Establish guiding principles for community building and workflow Learnings • Identify what works and what doesn't to create and sustain a open science community powered by volunteers working on the creation and development of open-source

Table 4 : Interest groups and their objectives

 4 

	Interest groups	Objectives

Table 5 : Tools used for the communication strategy within OpenCovid19
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	Channel	Communication purpose	Audience
	Slack	• Gather all internal communication of the community OpenCovid19 community
	JOGL Platform	• Share the needs of projects	JOGL community
		• Document the progress of projects	
		• Open access of protocols, results, and data of	
		projects	
		• Allow for independent matching between community	
		members	
		• Provide sufficient documentation for peer-review of	
		projects	
	Social media	• Share success stories	Potential contributors
		• Inform members of the community of events	
		• Recruit potential contributors	
	Press	• Inform decision makers and the general public	General public
		• Give visibility	
		• Disseminate findings	
		• Share success stories	

Table 6 : Communication pathways within OpenCovid19
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	From… to …..	Information	Process
	governance body →	Decision taken which involve the implication of	Via: Slack
	governance bodies	another governance bodie	Documents on Drive
	governance body →	Minutes of meetings	Via: Slack
	individuals	General announcement: partnership Decisions at program level	As soon as possible
	Individual →	Suggestions for organization, community	Forms
	governance body	management, features, etc Update on project stage of advancement	Slack
		Report of bugs on JOGL	JOGL platform
		Report of code of conduct infringement	
		Raise concerns towards a governance body	
	individuals →	Anything	Via: Slack, JOGL
	individuals		platform

Table 7 : Types of events run within OpenCovid19
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	Event	Objectif	Audience; number of	Agenda
			attendees; frequency	
	Global Community calls	• Update the community	• OpenCovid19	• JOGL update
		on program activities	community	• Work group updates
		• Create synergies	• General public	• Project updates: status
		among projects (match	interested in joining	of advancement,
		needs and resources)		needs
				• Open discussion
	JOGL Live	• Provide targeted	• OpenCovid19 project	• Round of introduction
		support to one project	• Relevant community	• Presentation of the
		• Foster the	members	projects and needs

Anticipate risks, offer mediation and mitigation of conflicts

  Don't assume your members will successfully self-regulate or self-organize. In addition, in open science projects involving scientific experiment it is crucial to connect with appropriate ethical committees and regulatory bodies. The OpenCovid19 initiative :• Compliance with RGPD was the responsibility of JOGL • At the very early stage, the community self organized to build a bio-safety board, composed of volunteers and experts • The coordination team set up a mitigation of conflict and report systems available to all in the code of conduct which has been continuously adapted after each case

	consulted?		• For strategy documents and major guiding principles
			• For elections/appointment of people in the
			governance bodies
	How to run a consultation?	• This should be decided by the team asking for
	Tool, deadline, etc		consultation
			• Team should take into account the results of
			consultation, and be genuinely open to constructive
			feedback
	3.3.4.	Gradual self-accountability
			• When decision taken can affect in one way or
			another the work and collaboration of the community

Identify, document and share how decisions are taken and by whom

  Decisions related to the structuring of the community and its communication processes requires a governance model that should involve experts in management or technical boards. It is particularly important to ensure that you have a buy-in of the community members about the individuals represented in the technical boards.

https://www.consciouscoliving.com/the-community-facilitation-handbook/

This document contains the description of research and requirements of the research task "Best Practices of Interdisciplinary Communication in Complex Systems Research". The research project is part of the "Krisenkomplex" project funded by the German Ministry for Science and Education (BMBF). In this project, the TU Dresden and the Chair for Network Dynamics of Prof. oriented basic research. in the project.

Supplementaries