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Abstract. The global COVID-19 pandemic revealed the necessity for mobile and 
web-based solutions for a variety of medical processes, e.g., individual risk 
calculation, communication of health information and contact tracing. Many such 
solutions are provided in form of open source software. However, there are major 
obstacles to the sustainable long-term continuation of such projects. As the topic of 
sustainability strategies is complex, a classification would be useful to help new 
projects to identify relevant sustainability factors. Based on a literature review a 
classification for long-term success of open source software was created. This paper 
presents a  classification focusing on five unique categories: (1) structural decision, 
(2) revenue generation, (3) user focus, (4) openness and (5) community building. It 
was developed within the NUM-COMPASS project, focusing content-wise on 
pandemic apps and structure-wise on open-source provision. We provide some 
insights into the community building dimension by discussing factors that go into 
building sustainable communities.  
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1. Introduction 

The global COVID-19 crisis that erupted in 2020 is an ongoing challenge for health 
systems. Many countries established social distancing regulations for their population.  
As a consequence many mobile and web-based applications have emerged to address 
different aspects of handling the pandemics. These aspects encompass contact tracing,  
telemedicine, personal risk assessment, and surveys and studies on impact of the 
pandemics on different disorders [1,2]. A couple of these apps have been developed in 
scientific projects and are provided under an open source license. In order to fight the  
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pandemic the German government established the Netzwerk Universitätsmedizin 

(NUM). The aim of the network is to employ joint forces and expertise of Germany’s 

university medical centers for a better understanding and handling of the pandemic [3]. 

One of in total 13 projects of NUM is NUM-COMPASS [4]. The project is established 

to develop best practices for pandemic apps and to develop an open source technical 

framework to ease implementation of these best practices including a reference 

implementation with specific focus on pandemic preparedness. 

As pandemic preparedness would require the sustainable maintenance of this 

framework during periods of low awareness on pandemic risks, the question how the 

project results can be sustainably preserved, has been explicitly included into the 

workplan. This is especially important since it is known, that the vast majority of open 

source projects fail to reach maturity [5]. 

This paper presents a classification of relevant aspects going into the development 

of pandemic apps. Since the project is developing an open source application and the 

WHO recommends using open source technology [6] in such a case, the focus has been 

on open source only. The advantages of open source for the development of  pandemic 

apps have been addressed by Tom-Aba et al. [7], who identified that tools based on open 

source are more sustainable through a dynamic community. 

2. Methodology 

The term classification describes a way of organizing knowledge [8], in this case the 

knowledge of aspects for sustainable open source projects. 

 

 
Figure 1: Taxonomy Development Process based on Nickerson et al. [9] 

 

Development of the classification follows the process presented by Nickerson et al. 

[9]. We selected this method due to its interdisciplinary applicability [9]. Furthermore, 

the approach is iterative and formalized[10] and thus offers advantages over the 

phenetic[11] or cladistic[12] development techniques. The process  starts by defining a 

meta-characteristic, the central aspect of the classification, and some ending conditions 
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that need to be met. During each step the classification is altered, e.g. by newly identified 
characteristics. The objects correspond to actual companies and projects (e.g., 
COMPASS) which were discovered through practice analysis, interviews and literature 
research. The process terminates once the ending conditions are met. 

A thorough literature review on sustainability in open source projects and platform 
technologies was conducted through the databases: ABI/INFORM [13], Econbiz [14], 
and Business Source Complete [15]. Main search terms were: "sustainability", "open 
source", "platform technologies", "financing", "community" and "business model". Only 
those texts were examined that were available as full-texts, were written in German or 
English and had gone through a peer-review process. Because of the vast amount of 
publications, only the first 15 pages of the search results have been examined. The 
publications were screened first, based on title and abstract before going through a full 
text analysis. In the end, 39 papers went into the final consideration. The literature review 
was conducted by three independent reviewers from October 2020 to February 2021.  

In the second step of our method we examined a few real-world open source projects 
more closely. The projects included have been established for at least 10 years and trusted 
interview partners were available. Based on these criteria, the i2b2 tranSmart [15] and 
Kitodo/Goobi [16,17] projects have been selected. We then conducted interviews with 
contributors from the respective communities. Interview partners/contributors were from 
a senior role with many years of experience in the project. The interviews lasted for about 
90 minutes and were conducted at the end of 2020/beginning of 2021. Each interview 
with the contributors was conducted in a semi-structured manner. We also examined 16 
case studies on open source projects[18,20]. As in these projects and studies the topic of 
community building has been identified as essential for a project’s success. By using the 
databases mentioned above we searched for literature which addressed the topic of 
community building in open source projects, by using the same process. We identified 
12 additional papers and books relevant for our analysis and the results.   

3. Results 

Based on the research process described above we achieved the results presented in the 
table 1. The classification can be represented in five categories (Table 1) each having a 
number of criteria to describe their characteristics. These categories are:  

 Structural decisions include those related to the value promised (utilitarian, 
emotional or social) or the type of platform being used (web-based and/or 
mobile-based) [19]. Other decisions in this dimension concern the 
organizational structure, the platform autonomy and how innovation is 
generated [20]. 

 Revenue generation is possible through different means, ranging from offering 
parts of the software or support in exchange for money to external financing via 
grants or donations. A model where monetary revenue is no concern and the 
platform exists only as a means of self-service is also possible [21].  

 User-focus is concerned with criteria such as regionality (global, regional, local) 
[19] or target market (e.g., new markets, c2c, b2c, b2b) [22,23]. 

 Openness is described by criteria such as requirements for participation [23,31], 
transparency of information provision [24] as well as leadership structure 
(organizational vs. community-driven) [27]. 
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 Community building is influenced by criteria such as project culture [30, 31], 
transparency within and accessibility to the community [24] as well as factors 
influencing member motivation [29].  

 

Table 1: Classification with identified aspects impacting sustainability of open source projects. 

Category   Characteristics

Structural decision  Value Proposition [19]  
Platform type [19]  
Organizational Structure [20]  
Platform Autonomy [20]  
Innovation Generation [20] 

Revenue generation  Several Models [21]  

User focus  Regionality [19]  
Focus [19]  
Target Market [22,23]  

Openness  Requirements for Participation [23,27]  
Transparency [24]  
Leadership Structure [27]  

Community building  Culture [30,31]  
Transparency [24]  
Accessibility [24]  
Member Motivation [29]  

 
 
Given the importance of community building and openness for the success of open 

source projects outlined above, this paper will discuss these categories in more detail 
drawing on a well-known example. The chosen example is the i2b2 tranSmart project 
[15]. The program started out as a research project to build a system that allows access 
to the Data Warehouse of Harvard Medical. Initially conceptualized as a local solution, 
i2b2 tranSmart is now being used and sponsored by companies and institutions in Europe 
and the United States. The software is distributed under an open source license and 
maintained by an open source community. The experience from this project (as well as 
from the Kitodo/Goobi project), is that establishing an active community is essential for 
project success.  

3.1. Openness in Open Source Communities 

Even though communities develop in an organic manner, there are some ways to 
influence the community building process. First of all, an attractive community has low 
barriers to entry and allows people of any sorts to participate [23,27]. This is often 
referred to as openness. Openness in the reference sheet encompasses several factors, 
only one being the access to the community. Additional factors include the transparency 
of information distribution and the replicability of the results [24]. Having an open 
community that gives access to people from different backgrounds, allows for a more 
sustainable and effective innovation process to take place [20,21]. As Shah [26] further 
indicates, there might be users without the technical background necessary to do the 
coding themselves, but the need to use the software in some context. These members 
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provide valuable input for the future development of the software and therefore 
participate in the innovation process.  

Capra and Wassermann [27] discuss the topic of governance in open source 
communities. They argue that the more open a community is, the more decentralized 
decisions are made. Whereas in rather closed communities decisions and leadership falls 
to one or few organizations, truly open communities decentralize decision, maybe up to 
a point where decisions are made in an informal process.   

In the context of i2b2 tranSmart this means, that everyone interested in the project 
can participate. The project organizes its members in working groups, each dedicated to 
a certain task. Every group decides about its workflow and goals set and even though the 
board checks in on the progress regularly there is no set deadlines other than those set by 
the working group itself. Hence, decision-making is rather decentralized. 

It is important to note, that openness is essential for open source communities to 
work out in the long-run. If the community feels that its needs for openness are not met, 
its members start to search for other communities to participate in or even start their own 
projects [27]. 

3.2. Motivating and Integrating Community Members  

A transparent and accessible community provides the basis for a sustainable community 
but in order to create a community we need to look at the motivation for participants to 
become active in a project. Research by Bonaccorsi and Rossi [29] indicates that the 
motivations to participate in open source communities are related to economic, social, 
and technological reasons. Shah [26] further indicates that economic reasons are less 
important for the majority of developers. These people are more motivated by the 
enjoyment of coding and the challenge it provides. In order to keep a vibrant community 
it is therefore important to make sure members feel welcome, challenged and have the 
feeling that their contributions matter. As Bacon [30] points out mentoring can play a 
huge role to integrate new members in the community.  

 One final important aspect we want to mention in that regard is that open source 
communities rely on regular member events [30,31]. These are normally held in the form 
of some kind of conference where the current state of the project is discussed and future 
plans are examined. Additionally it gives community members the opportunity to build 
more personal relationships with each other. The experiences of i2b2 tranSmart and 
Kitodo/Goobi support these claims.  

Following this research, we conclude that building welcoming communities is the 
most efficient way to build sustainable open source projects. 

4. Discussion 

So far, we have given a rough outline of the classification developed for successful open 
source projects in the context of pandemic apps. The classification described in this paper 
was based on an iterative method outlined by Nickerson et al. [9]. As pointed out in their 
paper Nickerson et al. describe their process as a hybrid of a taxonomy and a topology. 
The results can therefore also be described by other terms. In our case, we opted for 
classification. One advantage of this approach is that the different categories and 
characteristics derived are likely to be more useful in different contexts than traditional 
development methods that provide a rather tight corset for the development procedure. 
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Our classification can therefore be seen as a flexible construct that is easily extendable 
by other factors. During our development process, we could indeed experience this, as 
the first version did not include the community building characteristic. This has only 
been added after experience from real-world open source projects strongly hinted at the 
importance of such a category.  

The results suggest that having an open community is crucial for the success of open 
source projects, a generalization that applies to pandemic apps in particular. Since 
pandemics tend to be quite chaotic and subject to several changes during their duration, 
a community developing and maintaining a pandemic app needs to be dynamic in order 
to adjust to changes quickly. This is best achieved through an open community, as 
discussed by Tom-Aba[7] in the context of pandemic apps for the Ebola in mid-2010. 

The results discussed in this paper provide only a limited overview over the actual 
work that is necessary to build sustainable open source projects, mainly because we focus 
on community building only. There are, however, many different factors that play a role 
in making these projects sustainable in the long-run. It will be challenging to see how 
these factors interact and to what extend they influence one another. We intend to discuss 
additional aspects in further publications. 

5. Conclusion 

In this paper, we presented a classification for open source projects and platform 
technologies. The reference sheet developed is characterized by an easy and flexible 
approach can be applied to all kinds of open source projects. By following it, one can be 
assured that all important aspects for successful open source projects are covered. It does, 
however, require some familiarity with the open source mindset or the flexibility to 
adjust certain characteristics based on experience. Therefore, it remains to be seen to 
what extent it can be applied in a real-world context. Further Research into the matter is 
suggested, since we believe the classification has potential benefits for open source 
projects and can help to make projects in medical informatics more sustainable. 
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