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Abstract. Research software is nowadays fundamental to scientific advances; however,
it remains under-recognised compared to data and publications, with challenges affecting
reproducibility and quality. To address this, Software Management Plans (SMPs) have been
proposed as structured tools to document and organise software development through-
out its lifecycle. We conducted a survey among researchers and interviews with funding
organisations to assess awareness, usage, and perceptions around SMPs. The results
indicate low familiarity and adoption of SMPs, hindered by concerns over administrative
overhead and unclear benefits. Funders rarely require SMPs, and software outcomes are
not commonly tracked, shared, published and evaluated. Despite these challenges, SMPs
provide a promising path for improving software quality and reproducibility when integrated
early in projects, aligned to institutional and funding policies. Recognising research software
as a valuable research output may foster broader SMP adoption, supporting transparency

and reuse in scientific software development.

1 Introduction

Research software is defined as software developed and used in the context of research [1],
[2], taking various shapes from scripts to large software systems. In addition to code, it also
comprises descriptions, configuration files, and documentation. It aims to support answering a
research question, e.g., by processing data or running simulations. As such, research software is
an integral part of the research process, aligned to requirements of Good Research Practice [3] .

Although research software has become a fundamental component of scientific work, despite
efforts in the Research Software Engineering community and by researchers concerned with good
coding practices, research software has not yet received the same recognition as research data or
text-based publications. Software is not just data [4] — it corresponds to its own research artefact
type, with its own needs for description and handling, also considering points such as execution,
deployment, and continuous development. In fact, proper management and documentation of
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the research software development process are essential for reproducibility and transparency.

We argue that, similar to Data Management Plans (DMPs), also Software Management Plans
(SMPs) [5], [6], [7], [8] should be used as a standard tool to document and organise research
software development during its lifecycle, particularly those phases corresponding to the research
project where research software development takes place. It is important that the role of research
software in research projects is considered early on, ideally at the planning and funding application
stage, which is therefore the ideal time for drafting the SMP. SMPs address the full lifecycle of
an asset and focus on reproducibility: In addition to planning, SMPs can help to follow research
software development activities, such as testing, documenting, releasing, and publishing the
software. We believe that SMPs help improve research software quality by addressing at least a
minimal set of standards; however, SMPs will still need to be complemented with further quality
control. Thus, SMPs can contribute to reduce negative impacts in science, which are caused by
low quality in research software [9], [10]. It is important to recognise that such failures do not
only harm the publishing researcher themselves, but the community as a whole, since different

research groups may rely on or base their work on an incorrect finding.

Research software by itself is highly heterogeneous among many axes: purpose, number of users,
features, maturity, domain, and many more. Classifications of research software deal with these
dimensions[11]. This multifaceted characteristic of research software brings with it that there is
no universal practice or SMP that covers all cases. Simpler use cases, for example, affect fewer
users and have a more confined impact. Whereas for a more complex research software that forms
part of the scientific result, higher standards need to be applied such as quality control measures
and documentation for reproducibility purposes [12]. Figure 1 illustrates five dimensions that can
be used to characterise the needs of research software. Two contrasting examples demonstrate
the diversity of research software, ranging from a simple data processing pipeline to a complex
climate simulation framework. These examples highlight how software can differ substantially
in scope, user community, and quality requirements. The first example represents software with
a limited impact, typically developed and used by a single researcher or a small group for tasks
such as data ingestion, processing, and visualisation. In contrast, the second example serves a
broader and more diverse user community, spanning multiple research groups and disciplines.
Consequently, the expectations regarding quality, documentation, sustainability, and maintenance
are considerably higher.

The quality requirements for these two examples are largely different. An SMP provides a
structured way to identify and document the measures appropriate for a particular software
project. As research software evolves — for example, when a simple pipeline grows into a
community-supported research infrastructure — the SMP should be revisited and updated to
reflect changing requirements. It is important to note that SMPs are meant to focus on good
research practices for research software as a complement, rather than a replacement, to software
development methodologies and software development process management.

Although various efforts around SMPs have been made in the past 10 years [8], their adoption is
still low. We are currently observing a contradictory situation regarding the adoption of SMPs.
On the one hand, there is a growing claim for improved structure and quality assurance in the
development process of research software, associated with the view that this requires a structured
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Complex Use Case

Climate data simulation software

p Process and store Use large datasets in Q
urpose .

data efficiently complex models
Users One user up to a O Researchers, health workers, 090

few users from same group (YD data scientists, city planners

Data loading, validation, =) Climate impact modeling, c%,

. - - health predictions, visualizations,
processing, visualization alerts, real-time data ingestion

Features

Data integrity, backup, @ Performance, scalability, 7
reproducibility, availability reproducibility, usability e

Management

Data and model validation, system
monitoring, updates, security,
user support, versioning, issue tracking

Archiving, updates, versioning,
Maintenance 9. up 9 /

issue tracking

Figure 1: Example of two research software use cases of varying complexity, where an SMP can
support an early assignation and management of responsiblities. One is a simple use case where
the impact of the research software is somewhat restricted with only one user up to a few users from
the same group, while the second example has a larger reach with a large variety of different users
from different groups and backgrounds. An SMP can help to discern and document what measures
need to be taken. If the simple use case at some point evolves into a larger infrastructure, then the
SMP is re-evaluated and a new set of needs is defined.

planning of the development and maintainance process of the software. On the other hand,
SMPs, which are intended to assist with such planning, are rarely created by Research Software
Engineers (RSEs), or required by institutions or funding bodies. To understand this discrepancy,
we conducted a study to identify the reasons behind, discuss the importance of SMPs, and explore

potential developments in this field.

1.1 Stakeholders in software development
Researchers

Researchers are driven by the need to publish their research results as a quantification of academic
achievement. The outcome of a scientific question takes the highest priority in the research
process. However, the underlying infrastructure that aids in attaining scientific insight, is of high
importance to researchers, as it directly impacts their everyday life. As such, reproducibility,
usability, documentation and findability are crucial in the research process, similar to research
data. These factors also determine the reuse or repurposing of existing research software, libraries
or frameworks and the formation of robust and sustainable research infrastructures - which again
support researchers in the research process, allowing them to focus on the research itself and
not on the underpinning technical framework. Thus, researchers are interested in efficient and
lightweight tools, which do not cause too much additional effort.

Infrastructure providers

The development, deployment and operation of a research software can take place on the
individual computer, or on a dedicated server up to high-performance infrastructure, often
offered by the IT department of the research institution. Depending on the task performed by the
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software and on the size of the data being handled, running a software can consume a considerable
amount of resources in terms of storage space, CPU/GPU use and memory. This can affect
the performance of the server considerably, if not at least determine the power consumption of
an HPC system. Transparent communication with infrastructure providers allows an efficient
and balanced integration of resources and a seamless integration of software deployment and

operation into the software development.

The information needed by the computing infrastructure providers may include: name and
affiliation of the responsible person; name, alias and capacity of the server; sizes of the work
memory, system disk and data disk; required processor’s performance (number of CPU cores);
usage destination (testing, productive, development); usage duration/end; operation system;
network connection (type, firewall ports); backup frequency; backup modus (server snapshot or

data-resolved increments); and data sensitivity.

Funders

Funders predominantly fund projects with a disciplinary research aim. Currently, research
software is seen mainly as an instrument and a byproduct and therefore does not take a major
role in the consideration, selection and evaluation of research projects. As consequence, there
are only a few guidelines, like [13], for the handling or management of research software in the
funding landscape. Funding calls dedicated to research software are the (honorable) exception
(e.g., DFG', Klaus-Tschira Stiftung”).

Although funders may aim for low duplication of effort (or resources), they cannot prevent
it. This situation is in part caused by a lack of tracking their funded outcomes, which would
require additional resources on their end. Funders do formulate more or less strict or binding
requirements to publish results “as open as possible” and in alignment with the FAIR principles.
Only a few refer to the FAIR Principles for Research Software (FAIR4RS) [14]. This may
depend on their respective policies and the involvement of non-academic research partners such
as industrial partners in more applied research projects.

Funders also request software management information in selected templates, but not consistently
— some software-related questions need to be answered in grant proposal forms next to data
management questions. Only one Research Software Funding Organisation (RSFO) does work
with SMPs (and has their own guidelines on it).

1.2 Software metadata and their collection — Software Management Plans

To provide researchers, infrastructure providers, and funders with the information they need in
a structured and consistent manner, metadata describing research software should be collected
throughout the software lifecycle. Software metadata are data that provide information and
context about the software [15]. They aid the classification, categorisation and findability
of research software and can be captured in a variety of forms, including human-readable

documentation such as README files and developer documentation. Their interoperability and

1. https://www.dfg.de/en/news/news-topics/announcements-proposals/2022/info-wissenschaft-22-85
2. https://klaus-tschira-stiftung.de/en/fundinglines/scientific-software/
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machine-actionability can be further enhanced through standardised metadata schemas, such as
the one defined by CodeMeta [16].

An SMP provides a structured framework for collecting and maintaining this information. As
a living document, it captures the key characteristics of planned or existing research software
and evolves alongside the project. In an SMP, the user is guided through a set of questions
that ascertain metadata aspects of the software, such as how the software will be maintained or
preserved in the long run, who takes on which role during the software development process,
how tasks are tracked, etc. Ideally, the SMP template provides references or citations to resources
enabling users to explore unfamiliar topics and make informed decisions. The SMP is stored

alongside the software and its project-relevant metadata.

2 SMP usage and reception

This study has been performed by two subgroups. The first subgroup conducted a survey to learn
about SMP usage in the RSE and research data community, with a focus on Germany-based

communities. The second subgroup carried out interviews with international funders.

2.1 Survey outcome

The survey ran from 10th March 2025 to 31st March 2025 and was distributed via mailing lists
of RSE associations (with most responses coming from the German RSE community) and the
NFDI. The survey was structured into eight sections: 1) Collection of participant metadata, 2)
questions about the familiarity with SMPs and DMPs, 3) content of SMPs, 4) pain points of
SMPs, 5) user roles in the use of SMPs, 6) effectiveness of SMPs, 7) integration of SMPs into
workflows, 8) survey feedback. 60 participants completed the survey; the results can be found in
[17]. The survey questions and description is found in the Appendix A.

Due to the relatively small sample size, we do not make quantitative claims based on the survey
data, but rather observe several qualitative trends. These qualitative trends are sometimes given
as percent of the valid answers to the questions, but by no means should be taken as factual data,

rather as a support of the qualitative statement.

Section 1) Most participants that completed the survey defined themselves as RSEs (25),
where also postdocs (15), PhD students (5), Professors (4), Data stewards (9), and more general
researchers, research scientist or technical staff (15) were selected (multiple answers were
possible). Most respondents came from natural sciences (51%) and have been developing
research software for more than five years. The respondents are mostly self-taught (35%), where

a large fraction received training (24%) or attended courses (20%).

Section 2) The responses generally showed that the concept of an SMP and its content is not
thoroughly established: 49% responded that they have never heard of an SMP. Most have never
used an SMP in their research (77%) and are not familiar with the concept of an SMP (71%).

Of the respondents that did hear of SMPs and are familiar with the concept and content of an
SMP, most have used a template for the SMP.

ing.grid 2026 5
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Sections 3) and 4) Concerning the content of an SMP, the most important aspects according
to the respondents are versioning, documentation, dependency management, legal aspects,
publication and licence, preservation strategies and quality control/testing strategies. The least
important aspects were funding, contributor roles, project management strategy and governance,
project management, time schedule, hardware requirements and need for training.

The expectations of the survey participants for an SMPs mostly entail a short checklist (with
references where to find further information) that can be used to defend and establish practices
as well as to ensure proper project management and governance. Respondents noted that an
integration of SMPs into GitHub or GitLab would be useful, with possibly automated updates to
the SMP from repository metadata.

Reasons for not using SMPs include that it seems an unnecessary overhead. It is unclear if one
only needs to fulfill the practice, or if one also needs to document how the practice is fulfilled,
so the SMP is perceived as a doubling of efforts (content of the SMP versus the practices that are

carried out).

The benefits of an SMP are unclear to most of the respondents. Another frequent reason for not
using SMPs was that the majority of the respondents never heard of them before, and they stated
that they do not have any expertise with SMPs nor received any training.

It was also noted by the respondents that they often work on projects alone, so that an SMP

seems too formal; and that they rarely start new projects.

Sections 5) and 6) From the questions about the user roles in the use of SMPs, the respondents
stated that they mostly make decisions about the software maintenance and sustainability by
themselves or collaboratively in teams. Only 30% consult frequently with data stewards, funders

or other stakeholders in the project.

However, they were unsure if SMPs can help them to follow good practice in research software
development. We assume that this is largely due to the lack of familiarity with SMPs. Some
respondents (21%) stated that SMPs would be crucial or very important to defend the use of
software engineering best practices towards their work group or administration. 23% still found
this aspect important, while 16% found it not important at all and 26% did not provide an answer
to the question.

One respondent noted that SMPs would make advocacy for good practices easier if they had an
impact on receiving funding and research evaluation of a project after the end of the funding

period.

33% of the respondents answered that most issues in research software development projects
stem from not knowing how to choose a licence, not using a licence at all, or not using an
appropriate licence, which also impacts the process of publishing the research software projects.
SMPs could be beneficial in this regard, since they include a section on licences.

Only 5 % of the respondents have experience with research software that was actually being
developed under an SMP and is now in use in the community.

ing.grid 2026 6
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Section 7) Respondents state that they would like SMP templates for GitHub and GitLab.
Some respondents would be interested in marketplace actions that automate SMP evaluation.
A badge or some sort of visual representation of SMP compliance could be useful, with the
remark stated that if this would be beneficial for the evaluation of the project (i.e., by funders).
Respondents are very clearly under the impression that an SMP adds an extra administrative

burden to their workflow (69%). But some state that it is worthwile in the long term.

Section 8) Survey participants provided the feedback, that SMPs mostly seem to focus on
open-source software, but that there should be some more content regarding the strategy and
licensing of proprietary software. One respondent remarked that some of the questions in the
survey were unclear and lacked methodological rigor, which would result in threats to the validity
of the survey. Another respondent stated the time pressure as an obstacle for best practices and
SMP use.

2.1.1 Causal relationship between groups of respondents to the survey and their answers

As stated above, we do not evaluate the survey quantitatively but rather use it to gain insights
into expectations of the community and qualitative trends. Numbers in the following are given

as absolute answers.

There are some causal relationships to be observed in the survey data: Concerning the familiarity
with SMPs, respondents that did not hear of DMPs did not hear of SMPs either (11). Some
respondents that have heard of DMPs have heard of SMPs (30), some did not (19).

I have heard of SMPs
No Yes
No 11 0
I have heard of DMPs Yes | 19 30

Table 1: Correlation between previous knowledge of DMPs and SMPs: Respondents that have
heard of DMPs are much more likely to have heard of SMPs as well.

Concerning the use of SMPs, respondents who have not used DMPs have also not used SMPs
(19). One respondent that often used DMPs also used SMPs often. Four respondents that often
used DMPs have never used SMPs. Some respondents that have used DMPs rarely or sometimes
have also used SMPs rarely or sometimes (3/4/0/2), some did never use SMPs (11/12).

I have used SMPs in my research
Never Rarely Sometimes Often
Never 19 0 0 0
. Rarely 11 3 0 0
I have used DMPs in my research Sometimes 12 4 5 0
Often 4 0 0 1

Table 2: Correlation between previous usage of DMPs and SMPs: Respondents that have used
DMPs before are more likely to also have used SMPs.

ing.grid 2026 7
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3 Reflection on interviews with funding organisations

The second subgroup investigated the potential of SMPs with funders. 22 funding organisations
have been identified using the ReSA Funder’s Forum and personal knowledge. From all contacted
organisations, seven responded back and six were willing to be interviewed about SMPs. The
seventh replied with a default message that they:

“require [...] tools to be made available to the science community at large.”

Half of the RSFOs were aware of the concept of SMPs and all of them knew about DMPs. The
six interviews were conducted following the lead questions below. The contact e-mail is in the
appendix. An additional (seventh) interview was conducted informally during a conference on

research software.

1. How do you define research software in the context of your funding programmes?
It became clear that research software is not a funding target for most organisations — they rather
focus on research domains. Although these RSFO do occasionally fund RS, they are hardly
aware of or utilise the common definition of research software [1]. But, in order to distinguish
research software from other software used in research, like office apps, RSFO want to make
use of a definition. We are confident that RSFO are not going to create another definition.

2. Which information about the use or development of research software do you require
from applicants in funding proposals?

The FAIR4RS principles [14] are recognised widely and referred to, sometimes in form of a
checklist and utilised in that form in grant proposals. Other funders request a chapter of text
about software management in their forms and again others use SMPs and provide guidance.

3. How do you assess the quality and relevance of research software when evaluating
project proposals?

Again, the alignment with FAIR4RS is considered but in general, the quality of software is rarely
assessed, more so the “return on investment (ROI)” or “merit” of the whole research project.
This is likely due to the lacking recognition of research software as a research output. research
software quality assessment is partly seen as the responsibility of the project members and
(text) publishing houses — both of these stakeholders should review RS. While there are a few
initiatives like “CodeCheck” [10] and local code review clubs, the community and publishers are
far from conducting code review. On the other end of the spectrum, one RSFO utilises Software
Engineering measures like documentation and test coverage, openness and expected societal
impact when considering grant proposals.

4. What role does the use of open source research software play in the allocation of project
funds? Can you share any examples where it influenced the decision-making process?

The success of the Open Access movement sparks hope among the RSFO that similar openness
may be expected for data and software in the future. The Open Science movement may lead to
FOSS through positive (“financial”) incentives instead of sanctions. Some RSFO require certain
(types of) open licences where deviation from needs to be justified. research software is also

seen as intellectual property of research organisations where transfer or exploitation is expected.

5. How do you take the costs and benefits of research software into account when allocating

ing.grid 2026 8
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funding?

The resources for the development and maintanance of research software are rarely considered
by themselves and rather be merged with everything else the project requires. The benefits of
domain-agnostic dedicated research software funding schemes seem to be recognised, albeit
slowly. Societal impact, often limited to national boundaries instead of a global community, is

taken into account.

6. How do you check the deliverables for code by your grantees?

RSFO rarely evaluate the outcomes or promises made in grant proposals, in part because there
are no workflows or usable checking mechanisms. Some funders only expect a final report about
the research project and pay less attention to particular outcomes like RS. As mentioned before,
some RSFO expect the research community and publishing houses to review RS.

7. How do you keep track of research software funded by your institution? What challenges
do you see in tracking and maintaining research software funded by your organisation?
Except for one RSFO, there is no tracking at all which is likely due to the lack of recognition that
research software could be a research result. The “research topic” has more importance than the
“method”. Despite considering knowledge transfer / licensing exploitation / commercialisation,
even this research software is not being tracked. Registry software like “Research Software
Directory (RSD)” and similar have been developed for that purpose and are in use at selected
research organisation but lack further adoption among RSFO likely due to resources required for
tracking research results.

8. Have you considered SMPs as a funding requirement? If not, what are the main reasons?
SMPs are currently not required application documents but are strongly encouraged by selected
funders. Some RSFO seem to deal with conflicting objectives: Maintain a simple application
procedure but receive enough project management details to make an informed approval deci-
sion. As can be expected, software management details depend heavily on the RSFO and their
respective funding line(s) — as well as on their resources to review SMPs. One funder considers
SMPs as they are expanding their funding scope to research software which is likely due to their
positive experience with DMPs. Other funders question the usefulness of SMPs which are seen
as additional burden on all parties involved. But it is worth mentioning that RSFO are aware that
software management requires resources and they expect the costs to be priced into the grant

proposal.

9. How do you encourage good software management and publication practices in your
funding programmes? Do you have specific guidelines or incentives in place?

While software management is hardly encouraged, the publication of research software is
sometimes expected. One RSFO remarked that “sustainability should become a more important
part of funding” as most do not have guidelines in place. With regards to software management,
the UK Software Sustainability Institute (SSI) is seen as a role model and the NL eScience Center
[7] as well. Germany currently prototypes a national research software institute (under the name

“FutuRSI”) which may play a similar role in sustainable software management guidance.

ing.grid 2026 9
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4 Combined outcome of the survey and interviews

The survey results indicate that SMPs are not yet widely accepted within the research community.
Many respondents perceive them as duplicating existing documentation efforts and argue that ad-
herence to established software engineering best practices should implicitly satisfy the objectives
of an SMP. At the same time, participants acknowledged that SMPs can play an important role
in supporting the transition of research software from a project-specific prototype to sustainable
research infrastructure. To fulfil this role, however, SMPs should be treated as living documents
that evolve alongside the software and reflect changing requirements throughout its lifecycle.
Respondents also expressed strong support for automated assessment and integration into existing
development workflows as a means of reducing administrative burden and encouraging adoption.

The interviews with research software funding organisations largely confirmed these findings.
For several reasons, SMPs have not been established in research (funding) organisations, except
for one institution. The effort to fill out an SMP is frowned upon. Funders reuse some questions
from SMPs in their grant proposal templates in order to avoid another form. They sometimes refer
to the FAIR Principles for Research Software (FAIR4RS) and often expect open licensing. But
evaluating claims from grant proposals or SMPs after a research software project also requires
effort and is rarely done. Software projects are not tracked by RSFO, again except for one

organisation.

We assume at this point that funders would appreciate a certain return-on-investment (ROI).
This suggests minimal duplication as in funding the same research problem solution twice (or
twenty plus times). Such situations cannot be avoided completely as certain solutions, like a
well-working Random Number Generator (RNG) may need to be re-implemented in another
programming language. But if publicly-funded research software is hardly tracked or indexed
by RSFO, they themselves may lack the overview to avoid duplication of effort, and — in the

worst case — renders publication requirements moot.

5 Recommendations

As SMPs provide a structured framework for planning, documenting, and managing research
software throughout its lifecycle, they should ideally be introduced at the beginning of a project

and should be maintained as living documents.

The level of detail should be appropriate to the size, complexity, and expected lifetime of the
software. While lightweight SMPs may be sufficient for small, short-term projects, larger
collaborative projects typically benefit from more comprehensive planning. Wherever possible,
SMPs should align with institutional policies, funder requirements, and community best practices,
including the FAIR principles for research software.

Importantly, the preparation of an SMP should not be regarded as an administrative exercise.
Instead, it should serve as a communication and planning tool that promotes good software
engineering practices, facilitates collaboration, and supports the long-term reuse and sustainability
of research software.

In the following subsections, the recommendations are split for different target groups.
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5.1 Recommendations for researchers and research software engineers

Researchers and research software engineers are strongly encouraged to use an SMP, especially
when software is expected to serve multiple use cases or a broader user community. In such
cases, it becomes increasingly important to ensure proper documentation of both the software
itself and its development processes. An SMP supports researchers in making explicit decisions
about good practices related to coding, documentation, and development workflows, ideally in
close coordination with project partners and leads. It also facilitates structured communication
and early agreement on key aspects such as licensing, intellectual property rights, maintenance
responsibilities, and long-term sustainability. By creating an SMP during the planning phase
and updating it regularly throughout the project, it is possible to address these critical issues

proactively and avoid complications later in the software lifecycle.

5.2 Recommendations for service providers

Providers such as libraries and IT centres should encourage the use of SMPs. For this they have
clearly to articulate the purpose, expectations, and intended use of the information they request,
ensuring that researchers understand why specific details are needed. They can offer accessible
templates, examples, and reusable instances to lower the barrier for adoption and promote
consistency. Furthermore, providers are encouraged to define what constitutes good practice,
while allowing flexibility across disciplines. An SMP would provide feedback if a research
software project fulfills these best practices. SMPs should be cross-linked with local institutional
policies and requirements to avoid duplication and ensure alignment. Finally, providers should
recognise the added value of having a structured overview of research software and therefore
request only the information that is genuinely needed, rather than collecting data without a clear
use case. One example can be to support reporting for research assessment, where information
about research software can be extracted from SMPs. Another possible use case could involve
transferring a software solution developed within the project to the IT centre for operational use,
where the information documented in the SMP can facilitate this transition.

5.3 Recommendations for institutions

Institutions should adopt SMPs to ensure that research and operational software is developed,
maintained, and shared in a sustainable, secure, and reproducible manner. SMPs should define
responsibilities for software development and maintenance, establish standards for documen-
tation, version control, testing, licensing, and long-term preservation, and describe procedures
for quality assurance and security management. Institutions are encouraged to integrate SMPs
into existing institutional research data management and governance frameworks, as well as
into research software guidelines, ensuring that software outputs remain accessible, reusable,
and compliant with legal and ethical requirements. Templates for research software guidelines
are available[18]. This helps to raise awareness of research software and its importance for the

research process.
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5.4 Recommendations for funders

Although the interviewed funding organisations rarely made explicit recommendations on soft-
ware management — except for one requiring SMPs — the authors argue that systematic software

management is essential for the quality, sustainability, and reuse of research software.

In many funders’ guidelines, FAIR is mentioned as a basic requirement. At present, however,
FAIRness assessment tools are too inconsistent in their interpretation of FAIR4RS to serve as a
reliable basis for evaluation. Here, SMPs offer a more practical and actionable alternative. By
encouraging researchers to consider issues such as documentation, licensing, versioning, testing,
preservation, and reuse throughout the software lifecycle, SMPs provide a concrete framework
for implementing FAIR principles in everyday research practice.

The value of SMPs depends on their integration into the research process. If they are neither
monitored during a project nor considered in evaluation, they risk being seen as bureaucratic

overhead rather than as tools for planning, communication, and continuous improvement.

The authors therefore advocate for a broader use of SMPs in publicly funded research, especially
in large-scale funded research programmes (such as Collaborative Research Centres (CRCs)
and Clusters of Excellence), where often research software for long-term use is developed. This
requires recognising research software as a valuable research output and acknowledging the
contributions of Research Software Engineers and other professionals who develop and maintain
it.

6 Conclusion and future work

Summarising, SMPs as a tool face twofold challenges, due to missing awareness and perceived
bureaucratic burden (from the “human” side), but also due to the heterogeneity of research
software and programming practices (from the “technical” side). As long as there is no perceived
benefit or requirement of an SMP, a widespread adoption seems unlikely. However, a growing
recognition of research software as a research output would already constitute a step towards
SMPs, since an SMP constitutes a complementary indicator for research software quality. This
motivates the promotion of good practices and the use of research software metadata as a means

of providing a more measurable assessment of academic contributions.

SMPs have been mentioned as early as 2016 at the SST and after ten years, progress is recognizable.
This working group agreed to reconvene in three years after to reflect on the progress of SMPs in
research. Interviews with RSFO and interviews with research managers and RSEs might reveal
further insights then.

There are activities and projects ongoing, which address the concerns of the survey participants,
like the duplicate work: Although SMPs aim to store software metadata in a (semi)structured
way, so far, transferring information between different SMP templates or to other places (like
README files or code repositories) requires time-consuming manual adjustments. Activities

for improving this situation:

» Within the scope of DMP4NFDI (which is a centralised basic service for managing data
management plans (DMPs) and SMPs across NFDI), an SMP template is in preparation
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which combines questions of already existing templates, to make the answers machine-
actionable peaces of information (maSMP) [19].

* The template will be implemented in the Research Data Management Organiser (RDMO) [20],
an open-source tool for writing DMPs and SMPs.

* As part of the project “Machine-AUtomated Support for Software Management Plans”
(MAUS, [21], [22]), plugins for RDMO are being developed which allow the exchange of
information between an SMP and GitHub or GitLab. For example, those plugins allow to
automatically create a new GitHub repository including a citation file (CFF) and further
files with basic software metadata from the SMP.

These activities reduce duplicated manual work and the risk of inconsistencies between different
sources of information. Community members who are aware of further efforts toward SMP
adoption are encouraged to get in touch with the authors via

smp-deutschland@listserv.dfn.de.
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Appendix A: Survey questions

1.) Collection of participant metadata

Currently I am a
(multiple answers possible):

» Data steward

* Research software engineer
» PhD student

» Postdoc

* Professor

* Other: Text

Currently I am a researcher in
(multiple answers possible):

Natural sciences
Humanities

Social sciences
Engineering sciences
Life sciences

I am no researcher

» T am a generalist

* Other: Text

In my research I develop
(multiple answers possible):

» Scripts

+ Libraries / Packages

 Software that is used by other researchers

+ Software in collaboration with other researchers

+ Fully-fledged software tools with backend and
frontend

* Other: Text

I have been developing software for:

* 1-12 month

* 1-2 years

» 3-5 years

* More than 5 years
+ Other: Text

For software maintenance I spend every week:

* Less than 1 hour
3 - 5 hours

* more than 5 hours
» Other: Text

How I developed my software skills
(multiple answers possible):

* I am a self-taught programmer and software
engineer

Learning programming and software engineer-
ing was part of my training

I attended courses during my free time

I attended courses offered by my institution

e Other: Text
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2.) Questions about the familiarity with
SMPs and DMPs

I have heard of data management plans (DMPs):

* Yes
* No

I have heard of software management plans
(SMPs):

* Yes
* No

Your familiarity with DMPs and SMPs:

+ I have used DMPs in my research.
— never
— rarely
— sometimes

—_ often
* I have used SMPs in my research.
— never
— rarely
— sometimes
— often

I am familiar with the concept of an SMP.

* Yes
* No

I am familiar with the content of an SMP.

* Yes
* No

Have you created an SMP?

* Yes
* No

If you have created an SMP, did you use a tem-
plate?
(multiple answers possible)

ELIXIR

PRESOFT

SSI Checklist

Z1B Ubiquity generator
MPDL SMP for Researchers
funder's template
institutional template

No

Other: Text

If you have created an SMP, did you use a tool?
(multiple answers possible)

RDMO

ARGOS

Data Stewardship Wizard
DMPonline

DMPopidor
GitLab/GitHub

Wiki

No

Other: Text

I have created an SMP from scratch:

* Yes
* No
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3.) Content of SMPs

How important do you think are the following
aspects in an SMP?
(possible answers are “not important at all”,

“somewhat important”, “important”, “very impor-
” “crucial”)

tant”,

* Versioning

* Documentation

» Dependencies of other software, third-party
software components

Benefit of new software compared to existing
software

* Funding

Contributors

Roles of the contributors

Project management strategy, governance

* Project management tools

Time schedule of project

 Legal aspects

Publication and licence

Hardware requirements like needed RAM or
CPU

*+ Needed software skills, need for training
Expected lifetime of software, preservation
strategies

* Quality control, testing strategies

Further comments about what should be included
in an SMP: Text

What (else) do you expect from an SMP? Text

4.) Pain points of SMPs

If you are not using SMPs, what are the main
reasons? Text

Which sections of SMPs do you find most relevant
or valuable, and why? Text

What challenges have you faced in understanding
or implementing SMPs?
(multiple answers possible)

* lack of training or resources

« difficulty understanding the structure or content
* unclear benefits or impact

» lack of time or resources for implementation

+ Other: Text

5.) User roles in the use of SMPs

I am primarily contributing to the software devel-
opment as (role and task)
(multiple answers possible):

* developer

* testing

* deployment

* project manager
+ product owner
 Other: Text

In my team, decisions about software maintenance
and sustainability are made by
(multiple answers possible):

» myself
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* adedicated software developer
* the project manager

* the product owner

« the entire team collaboratively
* Other: Text

During software development, I consult with data
stewards, funders, or other stakeholders:

* never
* rarely

* occasionally
« frequently
* always

Do you develop machine-learning models to-
gether with your software?

* Yes
* No

6.) Effectiveness of SMPs

Do you think SMPs can help you follow good
practice in your research software development?

* not important at all
» somewhat important
* important

* very important

* crucial

Do you expect SMPs to aid you in defending the
implementation of best practices in your work
group / towards administration?

* not important at all
* somewhat important
* important

* very important

* crucial

In what other ways do SMPs help you with creat-
ing research software? Text

Have there been issues due to software licensing
in the past?

* Yes
* No
¢ Other: Text

Do you have experience with research software
that was developed under an SMP and is now be-
ing used more widely in the community?

* Yes
* No
¢ Other: Text

Do you have experienced any downstream user
feedback?

* Yes
* No
e Other: Text

Have you seen SMPs used effectively in any
projects you’ve worked on or are aware of?

* Yes

* No
¢ Other: Text
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7.) Integration of SMPs into workflows

Do you rely on versioning tools, such as git?

* Yes
* No
* Other: Text

If yes, do you use GitHub / GitLab / other remote
plattform?

* Yes
* No
* Other: Text

Would you be interested in a project template for
SMPs for GitHub/Gitlab?

* Yes
* No
» Other: Text

Would you be interested in GitHub Marketplace
actions that help evaluate your SMP status during
CI?

* Yes
* No
» Other: Text

Would you be interested in other integration of
SMP evaluation into your workflow? If yes,
please specify at what stage / technology inter-
face.

* Yes

* No
* Other: Text

How do you manage software development across
the team?

» Other: Text
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Have there been any problems with continuous
development in the past due to the departure of
employees?

* Yes
* No
e Other: Text

Do you apply on-boarding / off-boarding proce-
dures when project contributors join/depart?

* Yes
* No
¢ Other: Text

Would you like a visual representation of your
SMPs compliance, either as a chart or a percent-
age? Which could be shown in the project’s docu-
mentation at specific places or as a badge on the
repository.

* Yes
* No
* Other: Text

Do you feel SMPs add an extra administrative
burden to your workflow?

* Yes
* No
¢ Other: Text

Are there specific tools, templates, or resources
that you feel are missing or would improve the
usability of SMPs? Text

8.) Survey feedback

Please provide any general feedback or comments:
Text
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Appendix B: E-mail contact request for funding organisations

Dear <funder name>,

my name is <interviewer name>. My colleagues and I are a group of research software
enthusiasts exploring the potential of Software Management Plans (SMPs) as governance tools
in funding proposals. As the research community anticipates a trajectory for SMPs similar to that
of Data Management Plans (DMPs), we aim to better understand their role in research funding

so far and how they promote the explicit management of research software.

To gain insights from the perspective of funding organisations, we would like to invite you to
participate in a short interview (up to 30 minutes). If you consider another person a better fit
for this study, please let us know. The responses will be anonymised and aggregated as part of
an international landscape analysis, which will be presented as a poster at the Conference on
Research Data Infrastructure 2025 in Aachen (https://www.nfdi.de/cordi-2025/) in Germany.

The interview will be conducted by a small team from our side, consisting of a lead interviewer,
an observer, and a note-taker. Below are the guiding questions for the interview:

— Which information about the use or development of research software do you require from
applicants in funding proposals?

— What role does the use of open source research software play in the allocation of project
funds? Can you share any examples where it influenced the decision-making process?

— Have you considered SMPs as a funding requirement? Do you see parallels to DMPs?

— How do you encourage good software management and publication practices in your funding

programmes?

Please find attached the informed consent form for your review. If you agree to participate in the
interview, kindly sign the consent and return the form to us (a digitised signature is sufficient).

You can select a time slot that works best for you using the following link: <. . .>

Please feel free to reach out if you have any questions. We appreciate your time and are looking

forward to speaking with you.

Many thanks and best regards,

<interviewer name>
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