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ABSTRACT 

This article presents a new tool developed to assess and increase the maturity level of a research community in 
terms of Open Research Data (ORD) practices and culture. This model, called the Maturity Continuum Model, is 
divided into four successive steps, starting from the awareness and initiation of the community to its full maturity 
in ORD, through the building and strengthening of this community. Each step has its own intermediate objec-
tives, and each benefits from tools and means to support the process of gaining maturity. The steps are separated by 
evaluation boundaries that are used to assess whether the process can move to the next step. Key stakeholders are 
diverse and contribute at different stages of the process. The Maturity Continuum Model was inspired by the Data 
Curation Continuum Model (Treloar et al., 2007; Treloar and Klump, 2019). Considering the aspects in which 
these two tools differ, they can be seen as complementary tools in the broad field of research data management. 
Our model may be used at the level of a specific research community, with several possible purposes, such as 
assessing, developing, and monitoring its maturity. It can also be used to compare the maturity level of several 
communities at the same time and to identify the success factors of more advanced research communities in order 
to transfer them to less advanced ones. We have designed and created this model primarily to get an overview of 
a complicated topic, to find a common language, to provide a common basis for discussion, and to enable imple-
mentation over a long period of time. Successful implementation of the model would also allow for consolidation 
of scientific communities in terms of ORD, provide standards, and allow for evaluation. 
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IMPLICATIONS FOR PRACTICE 

1. The model presented here is a tool for academic libraries and other stakeholders in 
scholarly communication to support research communities in achieving Open 
Research Data (ORD) literacy. 

2. Readers may gain a better understanding of the specific needs of a research community 
in terms of support, training, and resources at each step of the process, from the crea-
tion of the community, through the development of its ORD maturity level, until it 
reaches full autonomy in ORD practices and culture. Readers may also gain an aware-
ness of the specific role of various stakeholders in contributing to the process and the 
best timing in the process for that contribution. 

3. This tool can also be applied to several communities at the same time in order to com-
pare them and apply the success factors of the more advanced communities to the less 
advanced ones. It then helps to rationalize the efforts and resources spent on devel-
oping and improving ORD practices and culture. 

INTRODUCTION 

In this article, we present and describe a new model, the Maturity Continuum Model 
(MCM), which conceptualizes the maturity level of a research community with respect to 
Open Research Data (ORD). This model can be used to increase this maturity level and 
to strengthen the use of standards and standardization in this area, i.e., ORD, by research 
communities. It can also be used to find a common language and shared conceptualizations. 

We have already briefly presented this model in Guirlet et al. (2023). In the current article, we 
provide more detailed and precise information about the model, and we discuss the full range 
of future implementations. We describe the involvement of key stakeholders and their poten-
tial contributions. We also discuss the human aspects that need to be considered in the context 
of MCM. Finally, we compare our model with the Data Curation Continuum (DCC), which 
provided us with a lot of inspiration for the conceptualization and development of our model 
(Treloar et al., 2007; Treloar and Klump, 2019). 

Our motivation to develop this instrument was based on several observations derived from the 
literature and from a recent study commissioned by swissuniversities on the ORD practices 
and needs of Swiss researchers, which is fully described in Bongi et al. (2021). 

The results of an international survey by Tenopir et al. (2020) show that scientists are gener-
ally willing and even enthusiastic about sharing their data. However, their practices do not 
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really reflect this positive attitude toward open data. The authors suggest that “stronger 
organizational involvement in providing training and support of good practices,” with 
some support from data managers and data librarians, would help to close this gap. 

It is recognized that a community facilitates and stimulates the ORD practices of its members 
(Berman et al., 2013; Cooper and Springer, 2019). The ORD practices of researchers who are 
members of a community are more advanced than those of researchers who are not members 
of a community (Bongi et al., 2021, p. 44). 

However, the same study highlights that the maturity level of research communities in 
the Swiss academic environment is very diverse. The least advanced communities are barely 
organized, showing an incipient or even non-existent data sharing culture. 

Other more advanced communities are better organized, but with limited data sharing prac-
tices. However, they have established policies for data curation, i.e., sharing their data through 
repositories and preserving data in newly built archives. And the most advanced communities 
show widespread and systematic adoption of ORD best practices by their members. Some of 
them have been very advanced for a long time. These communities have established their own 
standards over time (see, e.g., Berman et al., 2013, on how the structural biology community 
has shaped, established, and developed the Protein Data Bank over the last 40 years). 

Looking closely at specific communities, the adoption and use of standards appropriate to 
a particular community are good proxies for the maturity of that community with respect 
to ORD. The level of adoption and use of these standards is also a lever for strengthening 
good practices in ORD within the community (Bongi et al., 2021, p. 44). 

We infer from these results that stimulating and facilitating the formation of research com-
munities, as well as encouraging the definition and adoption of standards within those com-
munities, significantly contributes to the improvement of ORD practices by researchers in 
those communities. Based on these observations, we have developed a model that can be 
used to assess the ORD maturity level of a given research community and to develop that 
maturity level. 

DATA COMMUNITIES, RESEARCH COMMUNITIES—CONCEPTS & DEFINITIONS 

So far in this article we have used the term “research community” or “scientific community,” 
although it seems more natural to use the term “data community” when focusing on ORD and 
data sharing. We will now discuss these definitions in more detail and our rationale for using 
the term “research community.” 
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Data sharing involves first establishing a dialog with researchers and building services at the 
scale of a community (Rinehart, 2022). According to Cooper and Springer (2019), “successful 
data sharing happens within data communities” (p. 4). And the policies, practices, and tools 
(standards and infrastructure) for data “usually refer to the communities associated with those 
data,” as Borgman (2015) notes. However, defining exactly what a data community is remains 
a challenging task, and consensus on its exact meaning has yet to be reached. 

For Borgman (2015), a data-related community can be a community of interest, as also 
described by Power (2021): “Data communities are specialized communities made up of 
organizations that have data and organizations that want data tied together based on an 
intent-driven use of the data.” It can also be a community of practice where one learns 
and shares knowledge and gains expertise (Borgman, 2015). 

The discipline does not necessarily match the data community, as a particular discipline may 
not be interested in a particular dataset (Rinehart, 2022), and some datasets may be of interest 
to multiple disciplines. For example, the National Snow and Ice Data Center collects and 
stores data from different research areas (seismology, glaciology, oceanology, hydrology, clima-
tology, anthropology, etc.) and for the potential benefit of scientists from different disciplines 
(National Snow and Ice Data Center, 2023). Similarly, the Global Earth Observations System 
of Systems shares environmental data from different observing systems for the benefit of all 
researchers focused on Earth processes (GEO, n.d.). 

Bongi et al. (2021) also highlighted that the organization of communities is heterogeneous (in 
the Swiss academic environment). They can be organized in the form of an association, a proj-
ect, an infrastructure, or, less frequently, a social network. However, most of them are informal 
networks without real boundaries. Some researchers feel that they belong to more than one of 
these informal communities (Bongi et al., 2021, pp.  19–20). 

Nevertheless, Borgman (2015) emphasizes that collaboration is an important aspect as it reveals 
the communities: “By examining the role that data play in collaborations, the boundaries, scope, 
agreements, and disagreements of communities come into view” (p. 36). Cooper and Springer 
(2019, p. 4) define these data communities as “formal or informal groups of scholars who share 
a certain type of data with each other, regardless of disciplinary boundaries.” 

However, there is currently little evidence that such communities are a reality, at least in the 
Swiss academic environment (Bongi et al., 2021, p. 16). 

Furthermore, given that sharing one’s data in practice implies the existence and use of several 
other elements, concepts, or tools, we believe that the communities we focus on in the context 
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of this model should be considered as a broader group that shares more than just data 
of a specific type. 

We therefore propose to use the more general term “research community” instead of “data 
community” and its definition given in Bongi et al. (2021, p. 16): “networks of researchers 
sharing the same (type of ) data and/or the same data sharing tools and infrastructures, the 
same ORD practices, and the same open science culture, but not necessarily belonging to 
the same research discipline.” 

FURTHER DEFINITIONS 

To avoid any misunderstanding or confusion, we define several key concepts that will be 
addressed and developed throughout the model description. 

Standards 

The standards mentioned here obviously refer to the standards relevant to data sharing. 
These standards may relate to metadata, other documentation, file formats, persistent iden-
tifiers, data licenses, etc. 

Infrastructures 

In the following, the term infrastructure refers to data sharing infrastructure, i.e., data storage 
and sharing solutions. Beyond the minimum, infrastructures very often provide specific 
features and tools to support the repository process, to make the data FAIR (Wilkinson 
et al. 2016), and to archive them. By default, the term “infrastructures” will also include these 
features and tools. 

Services 

The term “services” or “support services” in our context refers to services provided to research-
ers to adopt and improve their research data management (RDM) practices. These services 
may include information, training, coaching, assistance in preparing data before uploading to 
a repository, etc. 

MODEL DESCRIPTION 

The development and specification of our MCM was inspired by the DCC (Treloar et al., 
2007; Treloar and Klump, 2019). Although the DCC focuses specifically on research data and 

jlsc-pub.org eP16320 | 5  

https://jlsc-pub.org


JLSC Volume 12, 1

metadata and aims to support the sharing of data or other research objects, its components can 
be used sui generis in a broader context and the model can be adapted to another environment. 

MCM has thus been developed by transferring the DCC’s focus on standards and other 
concepts and tools related to ORD, and with the aim of supporting the creation and develop-
ment of research communities to improve ORD practices and broaden their adoption and use. 

In the following paragraphs, we describe the key features of the MCM (Figure 1). We also 
highlight the similarities and differences between the MCM and DCC. We then discuss the 
potential applications and future prospects for the MCM. 

Figure 1. Maturity continuum model for Open Research Data. 

A continuum segmented in four successive steps 

As mentioned earlier, there is a wide range of ORD maturity levels between research commu-
nities (at least in Swiss academic research). The broad spectrum of ORD maturity would 
therefore be better reflected by a continuum. However, as a continuum is difficult to handle 
as such, the model is segmented into four domains or steps, which are separated by boundaries. 
These boundaries also serve as evaluation steps to assess whether the objectives of the current 
step have been achieved and whether it is appropriate to move on to the next step. 
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Each step addresses a specific aspect and has its own objectives. However, all steps are under-
pinned by the standards and standardization of data sharing practices. As discussed earlier, 
these elements are both maturity indicators and leverage tools for developing and strength-
ening the community in terms of ORD. From the pre-definition of these standards in the first 
step to the widespread adoption and use in the last step, efforts are focused on implementing 
a systematic use of standards and standardization as far as possible within the community. 

Step 1: Raising awareness 

The first step can be seen as a “nudge” to start the whole process. In this step, it is observed 
that there is no community yet, or that the community is very disorganized when it comes to 
managing and sharing its research data. The goal here is to initiate the creation and organiza-
tion of the community, or to reorganize it in a more structured way. 

In order to trigger the development of a common culture and practices, awareness raising will 
first focus on the potential benefits for research and researchers. Once the benefits are recog-
nized by researchers, efforts can focus on formulating more specific needs for the community 
and pre-defining standards that are appropriate for the community. 

Researchers need to be heavily involved in this first step. This is because, for one, performing 
these tasks together is a way to rally them around a common goal as early in the process as 
possible and to initiate networking practices and a common culture. A second reason is that it 
is critical that future users (e.g., community members) drive and shape the development of 
standards for their own domain to ensure broad and sustainable adoption in the future. 
A parallel can be drawn here with the approach of the Research Data Alliance (RDA) and 
the involvement of its communities of practice in all of its work and the development of tools, 
guidelines, and policies in specific disciplines or research areas (see, e.g., RDA, 2024). 

Following the pre-definition of these standards, the next steps focus on the development 
of standards appropriate for the community and their adoption and systematic use by com-
munity members. 

Step 2: Coaching 

The community initiated by the nudge of the first step is now being built. 

This second step aims to characterize the standards that are appropriate for the community. 
For this purpose, coaching support is needed. This coaching involves encouraging parti-
cipation and facilitating dialog among community researchers until a broad consensus on 
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standards is reached within the community. From this consensus, standards development 
can begin. 

The role of coach could possibly be played by a data steward. The Dutch Techcentre for Life 
Sciences defines data stewardship as “the responsible planning and executing of all actions on 
digital data before, during and after a research project, with the aim of optimizing the usability, 
reusability and reproducibility of research data” (Scholtens et al. 2019, p. 11). This broad 
mission of data stewards translates into a variety of tasks, contributions, and means of support 
for researchers. Verheul et al. (2019, p. 7) distinguish between the role of embedded and 
operational data stewards and the role of generic and advisory data stewards. The latter provide 
support and advice to researchers on RDM activities, as well as information and training. 
Given their social and interpersonal skills—communication, building relationships and 
networks, developing and maintaining trusted relationships (see, e.g., Armstrong et al., 
2021; Gruber et al., 2021)—generic data stewards could successfully play this role of coach 
for the MCM process. 

A community manager, as described in the Center for Scientific Collaboration and Commu-
nity Engagement’s (CSCCE) Community Participation Model (Woodley and Pratt, 2020), 
could also contribute to this role of coach. This person encourages, facilitates, and supports 
members’ participation in the process. The CSCCE model also includes a “champion mode,” 
which is used by a community member who temporarily complements the work of the 
community manager (Woodley and Pratt, 2020, pp. 5–6). In the context of MCM, this 
role corresponds to the “community champion,” which we describe in more detail below. 

Step 3: Providing adapted infrastructures, tools, and services 

The standards selected or defined and developed in the previous step can now be implemented 
within the community. This should be accompanied by the provision of appropriate infra-
structure and tools to put the use of standards into practice. Services to researchers are essential 
in this step, where researchers are expected to change their behavior and adopt new practices. 

Step 4: Monitoring, providing maintenance and incentives 

The community is now fully established. It is operational in terms of ORD practices, with 
a very wide use of the standards. In the same way as the benefits of ORD practices were 
highlighted in the first step, incentives are provided here to stimulate researchers’ motivation 
to use good ORD practices. They may include or relate to policies, rewards, financial incen-
tives, recognition in academic career evaluation and academic hiring, and support for “com-
munity champions.” 
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To ensure that the new community is sustainable over the long term, it is important to moni-
tor its practices. Significant changes may occur, such as the use of new standards, the use of 
standards other than those agreed upon in Step 2, or a general decline in the use of standards. 
If such situations are observed, short-term “maintenance” may be provided, such as redefini-
tion of standards or some timely and specific training. It is also possible to re-enter the process 
at a previous stage (e.g., Step 2 for the development of standards). 

Some external and general changes coming from the research environment or the main stake-
holders of the research domain may also imply to start the process all over again from the 
beginning (Step 1). 

Steps separated by evaluation boundaries 

At several stages in the process, assessing the ORD maturity level of the community is critical. 

Before beginning the entire process, assessing this level for a particular community allows us to 
identify the appropriate step at which that community should first enter the model. Between 
steps, the assessment provides the basis for deciding whether or not to proceed to the next step. 
At each step, it is important to identify and assess the appropriate level of contribution 
required, e.g., from long-term stakeholders in terms of governance and funding. More gen-
erally, this can provide useful information for planning and prioritizing the human and finan-
cial resources needed to support the development of the community in terms of ORD. 

The question of how this evaluation should be carried out, according to what criteria and what 
metrics, remains to be specified. However, it could be based on elements that aim to charac-
terize the ORD practices of researchers, such as those used and presented in Bongi et al. 
(2021, p. 39), for example, the level of knowledge of standards, the extent of use of these 
standards, and the skills and the level of autonomy in performing other activities related 
to ORD. These other activities may include the following: writing a data management 
plan, preparing data for uploading to a repository, uploading and sharing data via a repository, 
searching for and reusing data produced by other researchers, and reproducing research results 
produced by others. For each task, researchers could then self-assess their level of skill and 
autonomy by rating themselves: “I do not know how to do this”; “I am able to do it with 
some support”; “I am able to do it myself without any help.” 

Key actors 

Throughout the process, at specific steps or in a less timely manner, several stakeholders play 
a critical role in supporting the development and strengthening of the community maturity 

jlsc-pub.org eP16320 | 9  

https://jlsc-pub.org


JLSC Volume 12, 1

level. We present here the main features of their involvement as first outlined in Bongi et al. 
(2021, Section II. A.). 

Research communities. Research communities obviously play a central role in the process. 
In particular, they should drive the process once it has been initiated and keep it active in the 
long term. In practice, they can contribute to raising awareness among researchers, reporting 
on current practices, and gathering needs. These tasks could rely on community members who 
are particularly advanced in ORD culture and active in ORD practices and who are likely to 
bring together other researchers. The creation of a formalized network of these community 
champions (analogous to the Data Champions; EPFL, 2023) would give them visibility and 
increase their positive impact on other researchers through peer stimulation. 

Research institutions. Research institutions, through their institutional policies, can push 
communities to strengthen their ORD culture and improve their ORD practices. We refer 
to Bryant et al. (2020) for a detailed description of the role and potential contribution to 
research support services of typical faculty departments such as research administration, library, 
IT services, faculty affairs and governance, and communications. Research institutions can rec-
ognize the effort, time and skills that researchers invest in ORD practices, e.g., by considering 
these aspects in the hiring and career development process. They formally commit to using these 
criteria by signing the Declaration on Research Assessment (DORA, n.d.), endorsing the Hong 
Kong Principles on Research Integrity (World Conferences on Research Integrity, n.d.; Moher 
et al., 2020), and joining the Coalition for Advancing Research Assessment (CoARA, 2022). 

Funding agencies. Funding agencies provide financial support for data infrastructures and 
the necessary services associated with these infrastructures. They may also support the training 
of researchers to improve their RDM skills. By including in their calls for proposals some eval-
uation criteria based on ORD practices (and similar to some in DORA for research evalua-
tion), they could also encourage the improvement of practices. 

Data infrastructures. Data infrastructures can support better ORD practices through the 
services they provide to researchers throughout the data life cycle. By using specific and 
adapted standards (and by requiring infrastructure users to do so), they also contribute to 
the promotion of these standards. 

Data librarians. As Bryant et al. (2020) point out, the academic library is “deeply embedded 
in all phases of the research life cycle.” It is a key player in supporting research activities (Bryant 
et al., 2020, p. 11, p. 18, p. 24), and in some organizations it actively contributes to data 
management, although it may not be recognized as the primary actor in support services 
(Tenopir et al., 2020, p. 22; Bongi et al., 2021, p. 40, p. 44, p. 48). Data librarians are 
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involved in data-related ethical issues and are familiar with data integrity and data security 
issues. They have expertise in metadata, data licensing, and data discoverability (Rinehart, 
2022). As part of the implementation of MCM, they could therefore contribute to the setting 
of standards (Step 2). 

With an important role in education (Bryant et al., 2020, p. 18), data librarians can also 
contribute to raising awareness at the beginning of the process (Step 1) and to training 
researchers (Steps 2 and 4) to lay the foundation for data literacy. They can facilitate and coor-
dinate community champions networks within communities. 

Data librarians typically interact with different types of audiences. “Sitting at the intersection 
between groups” (Rinehart, 2022), they could then play an important role in the overall coor-
dination of key actors in the MCM process. 

Other elements and concepts of the model 

Overall and long-term support by means of governance and funding. In addition to the 
support means and tools mentioned earlier at specific steps of the model (awareness raising, 
coaching, monitoring, maintenance; infrastructure, services, tools, incentives, training), 
governance and financing contribute throughout the process, but with varying intensity. 
The appropriate level of governance and funding at each step should be derived from the eval-
uation results. Funding is likely to be needed initially on an ad hoc basis, and then in a more 
continuous and sustainable way. 

Maturity level and its four components. All steps contribute to the improvement of the 
community’s ORD maturity, but each step focuses on a more specific aspect: increasing 
knowledge, improving skills and practices, and achieving autonomy. However, these compo-
nents are not strengthened or improved in a completely separate and sequential way but rather 
in an interrelated and overlapping way. 

Twofold implementation strategy 

Based on the various aspects discussed earlier, such as the involvement of the community to 
initiate and drive the process and the need for governance, we recommend a twofold strategy 
for implementing the process: 

� Top-down: since governance and organizational and financial support will create the 
framework for developing the community and defining the standards. 
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� Bottom-up: because the involvement and engagement of community members as 
early as possible in the process will greatly contribute to the adoption of the appro-
priate standards and to their use in the long term. 

HUMAN ASPECTS AND CULTURE CHANGE 

So far, we have assumed that the implementation of MCM would follow the same path for the 
whole community, following fixed sequences (although it is always possible to go back or re-
enter a previous step, as discussed in the description of Step 4). However, the “human aspects” 
inherent in the community (researchers) and other key actors can add unpredictable elements 
to the process, making it more dynamic and fluid. 

This issue is well addressed by the CSCCE model (Woodley and Pratt, 2020). This model 
conceptualizes member engagement and information flow in STEM communities. Similar to 
MCM, the CSCCE model is organized into four sequential modes of engagement: convey/ 
consume, contribute, collaborate, and co-create. It also includes a “champion” mode. This 
mode is used by a community member who contributes to all four other modes at a more 
leadership level, both within and outside the community (Woodley and Pratt, 2020, 
pp. 5–6). According to the authors of the CSCCE model, multiple modes can exist in the 
same community, with members using more than one mode and subsets of members using 
different modes of participation than other subsets (Woodley and Pratt, 2020, pp.  9–10). 

The communities to which MCM will be applied are heterogeneous. At any given time, they 
are likely to include individuals with different levels of ORD maturity, different skills and 
resources, and perhaps different interests and goals. Therefore, at any given time, some subsets 
of the community will be using different steps. They may then move from one step to another 
at a different time than the rest of the community. The composition of the community may 
also change over time, as members join and others leave. 

In addition to the heterogeneity of the community, characteristics of the academic environ-
ment can influence the dynamics of the process. Universities have been described by William 
B. Rouse as “complex adaptive systems” (Rouse, 2016, as cited in Bryant et al., 2020, p. 4). 
The behavior of individuals in this ecosystem can then be “random and chaotic” and inde-
pendent. Individuals can organize themselves into self-organizing groups with different inter-
ests and needs (Bryant et al., 2020, p. 5). Although the communities relevant to MCM do not 
strictly correspond to groups or structures within a particular academic environment, their 
members share the same professional cultural background and are therefore likely to exhibit 
the same types of behaviors. 
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At this stage, it is very difficult to predict and assess the extent to which these human aspects 
may affect the ability of MCM to support the community in achieving full ORD maturity. 
This will certainly be an important objective of the validation task. 

The culture change that underpins the entire process is also related to the human aspect at the 
collective level. As the community is initiated and organized, its (new) members are coached and 
trained to change their practices or adopt new ones. In this article, we mention some elements 
that facilitate this culture change in the context of MCM (education, coaching, training). In 
order to put this model into practice and apply it more successfully, the aspect of culture change 
must be considered in depth and in its entirety. Interesting inputs could be derived, for example, 
from the work of Nosek (2018). The latter discusses and suggests what can be done to stimulate 
the change in research toward open science and at which stage of the process researchers are most 
likely to join. In their report on social interoperability in research support for building cross-
campus relationships, the authors recommend consulting “early and often with other stakehold-
ers,” sharing “ideas and drafts early in the process,” and collecting “preliminary feedback from 
stakeholders” (Bryant et al., 2020, p. 32). This is the approach we have taken for MCM (see 
description of Step 1 and Bottom-up implementation earlier). 

COMPARISON WITH THE DATA CONTINUUM MODEL (TRELOAR ET AL., 2007; 
TRELOAR AND KLUMP, 2019) 

Although some of the features of MCM were inspired by DCC, the two models differ in 
a number of ways. In order to emphasize the complementarity of the two models and to clarify 
their specific areas of application in the broad field of RDM, we now discuss their similarities 
and their differences. 

1. Model elements 

Both DCC and MCM conceptualize a process or an approach aimed at sharing and opening 
research data (at least in the first version of DCC). The conceptual elements, the means, the 
methods, and the tools at play in the two models are those of RDM and ORD: storage 
and sharing of research data, description of data with metadata, standards to be respected, 
infrastructures, and services. 

2. Scale of the process 

In its 2019 version, the scope of DCC extends to all research objects. Its goal is to make 
research objects as FAIR as possible at the scale of a research project (Treloar and Klump, 
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2019, p. 11). The goal of MCM is to prepare communities and support them in opening their 
research data. 

This difference has implications for the timeframe of the process. In the case of DCC, the time 
scale is that of the research projects, which is known in advance. In the case of MCM, the 
evolution of the process is paced by the evolution of the research community. This is less tan-
gible and more difficult to anticipate and therefore requires regular monitoring. 

3. Process flow 

Both models show a similarity in the process flow itself. They include successive domains 
or steps, separated by boundaries. The transition to the next step is triggered when certain 
conditions are met or when certain tasks are performed. However, there are some differences. 

In the DCC model, the boundaries correspond to the separation between domains, the col-
laboration domain and the publication domain. The move to the next domain is triggered by 
the progress of the research (e.g., the maturity of the research data in terms of readiness for 
sharing). This transition is the responsibility of the research team leader, provided that certain 
tasks have been completed: selecting objects, migrating or publishing them, adding sharing or 
public context, migrating and extending or publishing provenance, and documenting selec-
tion decisions. These tasks can be performed by the research team, a data specialist, a data 
curator, or the IT support team (Treloar and Klump, 2019, figure 1). 

In the MCM model, steps are separated by evaluation boundaries. Moving to the next step is 
triggered by the output of this evaluation and is the responsibility of the governance repre-
sentative. It implies a mix of discrete and specific contributions to each step (defining stand-
ards, providing infrastructure, etc.) and more continuous contributions (governance, 
funding, etc.). 

It is possible to enter the process at any stage, depending on the initial maturity of the com-
munity under consideration. It is also possible to go back if the monitoring reveals some 
important changes or needs. On the other hand, the DCC process is linear, from the private 
domain to the publication domain, via the collaboration domain. 

4. Domains and steps 

The domains and steps of each model timely coincide and complement each other in the gen-
eral process of adopting and generalizing research data practices (Figure 2 in this article; 
figure 2 of Treloar et al., 2007; and figure 1 of Treloar and Klump, 2019): 
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1. Only raw data is available, and it is kept in a small circle (private research domain, 
DCC). There is no community, or if there is, it is disorganized (Step 1, MCM). 

2. Data is shared outside the core team (collaboration domain, DCC). A community 
builds, develops, and begins to use standards (Steps 2 and 3, MCM). Data is 
more structured, standards are applied, and collaboration takes place on a larger scale. 

3. Data is publicly shared (publication domain, DCC), communities are fully established, 
and they have reached a high level of maturity in their ORD practices (Step 4, MCM). 

Figure 2. DCC domains (Treloar and Klump, 2019) (top row) and MCM steps (bottom row): how they align and 
complement each other, from a data perspective (DCC) and from a community perspective (MCM). 

5. Stakeholders and key actors 

The stakeholders of DCC are mainly data managers, data stewards and data curators or, more 
generally, specialists who contribute to the curation of data at any stage of the continuum: 
researchers, records managers, archivists, IT staff, data librarians. The stakeholders of the 
MCM model, external or internal to the community, their potential contribution, and the 
timing of their contribution to the process have been precisely specified and presented in 
an earlier part of this article (see the “Key Actors” section). These stakeholders are diverse, 
and so are their contributions. These contributions may be long term and continuous in 
time (governance), long term and discrete in time (funding in the first part of the process), 
or limited in time. 
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6. Standards 

Standards are obviously key elements in this area of ORD. In the DCC model, standards are 
used as a tool to make research data (or research objects) FAIR. In the MCM model, the way 
and extent to which standards are used is an indicator of the maturity of the community with 
respect to ORD. They are also used as leverage to develop this maturity level. 

7. Model validation and evolution 

MCM was initially conceived primarily as a useful tool for organizing the elements and con-
cepts collected during the survey on ORD practices and needs of Swiss researchers (Bongi 
et al., 2021). In the future, it could also be a useful tool for swissuniversities to fulfill its mis-
sion with regard to open science and ORD (swissuniversities, 2023). In particular, it would 
provide a common framework and language for the development of ORD in the Swiss 
academic environment. We can also assume that, as with DCC, it may prove useful to initiate 
discussions between stakeholders to clarify their roles and contributions to the process 
(Treloar and Klump, 2019, p. 95). 

MCM has only recently been developed and has not yet been validated or applied. We rec-
ognize that, similar to DCC, MCM must first demonstrate its relevance and applicability. In 
particular, a critical aspect of validation relates to MCM’s ability to handle the human aspect of 
the process, as discussed earlier. Its full value will be confirmed if and when it is widely adopted 
and successfully applied by key stakeholders. 

After its first version in 2007 (Treloar et al., 2007), an updated version of DCC was published 
in 2019. This new version reflected, among other things, the “increased automation in the 
research process” (Treloar and Klump, 2019, p. 94), which, according to its authors, made it 
necessary to modify the model. On the contrary, this aspect, should it continue in the future, 
has little impact on the way MCM should be implemented and handled. In fact, the five layers 
of the DCC updated version (namely object, storage, context, provenance, and archival layers; 
figure 4 from Treloar and Klump, 2019), while very helpful for the curatorial care of research 
data, play a minor role in our context (with the exception of the context and provenance layers, 
the latter being a different kind of context). It might be interesting to further investigate the 
importance of context capture, especially before and during the boundary transition. 

Similarly, the Digital Curation Lifecycle (Oliver and Harvey, 2016), with its strong orienta-
tion toward curation and archiving, and “The Wheel of Fortune: A ‘Cosmic’ View of the 
Repositories Space” (Blinco and McLean, 2004, as cited in Treloar et al., 2007), with its 
faceted view of repositories, were not considered stereotypes or clichés for our approach. 
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In any case, MCM should be kept flexible to allow for possible future changes in the envi-
ronment and possibly refined or improved depending on the feedback from the validation 
activities. 

APPLICATIONS AND PERSPECTIVES 

In addition to serving the main purpose for which it was originally designed (e.g., strength-
ening the maturity level of research communities with respect to ORD), this tool can be used 
for several more specific and isolated applications. These applications also serve the same over-
all goal of generalizing and improving ORD practices. 

The MCM can be applied at the level of a specific community to 

� evaluate its level of maturity by assessing its members’ use of standards 

� increase its level of maturity 

� monitor its maturity level over time, and 

� manage and facilitate ORD culture change 

until full ORD literacy is achieved. 

It can be used by any community, whatever its level of maturity, since, as mentioned earlier, 
the model can be entered at any stage. 

As well as contributing to the development and improvement of ORD practices on a com-
munity-by-community basis, this model can also be applied to several communities at once. 
It is recognized that there is a great diversity in the level of maturity of research communities 
(disciplines) with respect to ORD. Some are very advanced (Berman et al., 2013), and 
others are very behind, with the entire spectrum between these extremes (Bongi et al., 
2021). By providing an accurate picture of the maturity of specific communities, this 
tool allows comparison of communities (disciplines), their sharing culture, and their 
practices. 

When applied to more advanced communities, the model can potentially highlight the success 
factors and characteristics for ORD practices. These, in turn, could be transposed and applied 
to less advanced communities to support their progress toward improved sharing culture and 
ORD practices. Applying the tool in this way will help to rationalize efforts and resources by 
transferring successful practices to a whole set of communities, rather than applying them to 
one community at a time. 
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CONCLUSIONS 

In this article, we presented our model, called the MCM, which conceptualizes the maturity 
level of a research community in terms of ORD. This continuum is segmented into four suc-
cessive stages separated by assessment boundaries, which we described in detail. We identified 
the main stakeholders and key actors to be involved in the process, and we specified their 
contribution. We recommended the best implementation strategy for efficient use of the 
model. We highlighted the similarities and differences between our model and the Data Cu-
ration Continuum Model that inspired it (Treloar et al., 2007; Treloar and Klump, 2019), 
and how these two models can be considered as complementary tools when it comes to RDM 
in a broad sense. 

We reiterate that, from our perspective, this model can be applied at different levels and scales. 
It can be applied in only one or a few of its steps, possibly in a non-linear way. It can also be used 
at the scale of one community or across multiple communities to compare and rationalize 
resources. 

We have identified several aspects of the model where it could benefit from further work. 
The criteria and metrics for conducting the community assessment before entering the process 
or between steps need to be further specified. Also, a better understanding of how best to 
support the cultural change of the community that underlies the whole process would cer-
tainly increase its effectiveness. 

As with any new tool, this model needs to be validated for its various applications. Initial tests 
need to be carried out to confirm that at least some of its aspects or components are usable, and 
to highlight the need for adjustments or improvements for others. However, the non-linear 
and rather general design of the model should allow it to accommodate these adaptations and 
to take into account possible future external changes in the ORD landscape. 

Overall, the model could also be helpful in finding a common language, sharing conceptu-
alizations on a difficult subject, and providing a reference for discussion and implementation 
of other initiatives in the broad spectrum of ORD management and open science. 
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