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Research data management (RDM) specialists in academic libraries may routinely encounter 
software during the course of helping researchers with their data management needs. Often, 
the software is treated in the same way as data for the purpose of archiving it in a data 
repository and preserving it for future use.
     Here, a set of tools, resources, approaches, and questions are presented which allow 
RDM specialists to address potential knowledge gaps in providing software archiving and/or 
preservation services as a companion to data services. To read this poster, a specialist 
begins by posing the question "I Need To" and following the relevant branch.
Acknowledgments: Chen Chiu, Dave Fearon, Reid Boehm, Tim DiLauro for providing valuable feedback
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Concept Description Concept Description

SoftwareTitle

Required (1)

Name of the software Version

Optional (1)

Software version. Some software (e.g., one-off programs) may

not require a version number

SoftwareIdentifier

Required (1)

E.g., DOI or other PID ObjectType

Optional (1)

The type of software artifact being described (source code,

executable, both)

License

Required (1)

Licensing terms. ProgrammingLanguage

Optional (1+)

The programming language used.

SoftwareContributor

Required (1+)

Individuals or organizations that contributed (e.g.,

programmers, testers, documenters, etc.)

CodeRepositoryLink

Optional (1)

Link to a version controlled software repository where the

software is developed (e.g., GitHub, SourceForge etc.).

ContributorId

Optional (1+)

A PID associated with each SoftwareContributor (e.g., ORCID

etc.)

RelatedObjects

Optional (1+)

Related papers, website, documentation, other software

(except dependencies).

Description

Required (1)

Human-readable synopsis Dependencies

Optional (1+)

Hardware (e.g., instruments, CPU, etc.), operating system,

environment (e.g. Python 2.7, etc.) libraries/other SW.

datePublished

Required (1)

Date this software was published in the archive InteractionMethod |

Function | I/O

Optional (1+)

GUI, command line, etc. | General functionality (plotting,

analysis, data collection, simulation, etc.) | Inputs and outputs.

• So�ware Cita�on Principles [Smith16]: 

Importance, a�ribu�on, unique iden�fica�on, 

persistence, accessibility, specificity

• Acknowledge non-coding contribu�ons (e.g., 

tes�ng, documenta�on
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• Codemeta: metadata schema for science 

so�ware using JSON-LD github.com/codemeta/

codemeta

• Ontoso�: an ontology of so�ware in research 

with a GUI for metadata entry. ontoso�.org

Where to ac�vely & collabora�vely 

develop so�ware w/ version control

• GitHub

• GitLab

• Bitbucket

• Codeplex

• Sourceforge

• Zenodo (GitHub integra�on)

• Figshare (GitHub integra�on)

• Disciplinary repo (e.g. 

ascl.net for astrophysics)

• Ins�tu�onal repository (if 

appropriate)

• So�ware isn't considered a 1st class research 

output

• Credit for so�ware is low

• The visibility/availablity of so�ware in the 

scholarly record hinders reproducibility and reuse

• Not many incen�ves for researchers to address 

above problems

[Katz16]:

• So�ware is ac�ve, data is passive

• "we are more interested in what 

so�ware does rather than what 

so�ware is."

• So�ware is a crea�ve work

•  Rule of thumb #1: Did the so�ware directly 

contribute to the novelty of the work or does 

the so�ware author require cita�on as a 

condi�on of use? If yes, then it should be cited 

[Jackson15]

•  Rule of thumb #2: Include the so�ware (and 

appropriate details) that allows others to 

reproduce the work

Checklist when ci�ng others' so�ware:
•  Is there a suggested cita�on (e.g., on a website or in a 
CITATION file)? If yes, use that.
•  Where can the so�ware be found?
•  What version is being cited?
•  Are there papers associated with the so�ware? If so, cite 
BOTH the papers and so�ware itself
•  Cite so�ware using it's PID (e.g., DOI) if one is available.
•  If there are no papers or suggested cita�ons, cite the web 
page or manual of the so�ware.

Checklist for be�er citability (also see Include so�ware in  publica�ons): 
•  A file named "CITATION" placed with the source code indica�ng the 
preferred cita�on. Also include the cita�on at the point of download.
•  If possible, obtain a PID such as a DOI. Both figshare and Zenodo 
repositories are able to mint DOIs for so�ware deposits. Certain discipline-
specific so�ware registries  (e.g., the ASCL) also provide citable iden�fiers.
•  The loca�on where the latest version can be found. Useful if the so�ware 
can be found in mul�ple places (e.g., Zenodo and personal web page).
•  Clearly iden�fy the version. If adding a version is not applicable or desired, 
a unique iden�fier becomes cri�cal
•  If there are there papers associated with the so�ware, include this 
informa�on in any documenta�on so they may be cited too.

When assigning credit, Ideally anyone who contributed to 
development should be listed as contributors (e.g., 
programmers, testers, documenters, bug reporters, managers, 
etc). For larger projects, the list can become large so a group 
cita�on e.g., the "development team" may be more appropriate 

Data management plans (DMPs) from many funders do not yet provide 
explicit details for what should be included on a DMP in rela�on to so�ware. 
E.g., the NSF simply states that "Inves�gators and grantees are encouraged to 
share so�ware and inven�ons created under the grant or otherwise make 
them or their products widely available and usable." (AAG Chapter VI.D.4). 
On the other hand, NASA's planetary sciences DMP requirements are much 
more explicit, sta�ng a requirement to use GitHub.

Checklist when so�ware is included in a DMP:
•  Iden�fying the so�ware ar�facts to be developed and dependecies 
needed
•  Iden�fying how documents/files will be managed (e.g., version control 
systems, storage, access)
•  Determining the party responsible for managing the above, or otherwise 
administering the code.
•  Determining how, where, and when the so�ware will be archived, 
preserved, and shared to comply with DMP requirements.
•  Iden�fying intellectual property and security issues (e.g., who retains 
ownership, licensing requirements, patentability, export control).
•  Determining which details are necessary for others to reuse the so�ware 
(i.e., metadata) and how this informa�on will be communicated

Popular open source licenses
• MIT -- most popular open license on 
GitHub (44% of projects with license)
• GNU (e.g., GPL, LGPL)
• Apache
• Mozilla
• BSD

Crea�ve Commons licenses are NOT 
recommended for so�ware

If releasing so�ware, selec�ng an appropriate license is very 
important as it communicates the term under which the 
so�ware can be used. If no license is a�ached, standard 
copyright applies, meaning so�ware cannot legally be used or 
reproduced without the permission of the author.

Assistance with selec�ng/cra�ing a license:
• choosealicense.com (selects an open source license)
• www.binpress.com/license/generator (generates license 
statements to restrict commercial use)
• Your ins�tu�on's tech transfer office should be able to 
assist in cra�ing custom license statements

The So�ware Sustainability Ins�tute has created several resources 
for crea�ng thorough So�ware Management Plans. 
www.so�ware.ac.uk/tags/so�ware-management-plans

•  So�ware Management Plan Checklist, See [SSI16]
•  Experimental So�ware Management Planning Tool on DMPOnline:

                       •  So�ware is scholarship and it should be included
                        as part of the record
                  •  Credit is received not only for the results stemming
                  from the paper but also for the so�ware associated
                  with  the paper
           •  Publishing so�ware as a separate publica�on (when
           appropriate) means one more cita�on.
      •  Publishing so�ware increases it's impact by enabling others
     to more easily reproduce and reuse the work
•  Publishing so�ware allows it to be more discoverable using 
tradi�onal methods (e.g., cita�on searches)

Each of these so�ware-oriented journals has slightly different 
aims but all are meant to achieve the goal of allowing 
researchers to receive credit for the so�ware they create
•  So�wareX
•  Journal of Open Research So�ware (JORS)
•  Journal of Open Source So�ware (JOSS)
•  Elsevier Research Elements

•  Lack of recogni�on of so�ware as a citable 
research output by many communi�es
•  Li�le guidance/requirements from many 
journals on how to include so�ware
•  The �me required to prepare so�ware for 
publishing/sharing can be high if the work has not 
been carried out with sharing in mind.
•  Con�nual so�ware development (vs. a sta�c 
report on a result) does not always lend itself well 
to publica�on (this can be mi�gated by using 
repositories like Zenodo which integrate with 
Github)

Rule of thumb: (See also Help with cita�on and Archive so�ware)
•  If it makes sense to give it a name, a so�ware-focused 
publica�on is likely to be worthwhile.
•  So�ware which is not necessarily novel (e.g., processing scripts, 
workflows) may s�ll contain important details not men�oned 
elsewhere that are important for reproducing results so it should 
s�ll be archived or included in supplementary material.

The table below shows the so�ware policies of selected journals. The 
purpose is to show what kinds of things journals are looking for and 
how the guidelines may differ between publishers.

1 The statement "must include enough info to be able to reproduce the work" implies documentation requirement

2 It is encouraged to include SW as supplementary material but exceptions are allowed for deposit into institutional repo

3 PID requirement not explicit, though their requirement to deposit in a structured repo (e.g., Zenodo) means that a PID will be assigned

4 Must make the code available in at least one of these

5 Part of the general journal guidelines, not SW-specific

N/S = Not explicitly stated

F1000 Journals

Software

Articles

Nature

Methods

American Astronomical

Society (AAS) Journals

Journal of Open

Research

Software (JORS)

Availability Information Required Required Required Required

Source code availability Required Strongly urge Strongly urge Required

License (any) Required Encouraged Strongly urge Required

License (open) Required N/S Strongly urge Required

Code repo (e.g., GitHub) Encouraged N/S N/S Required4

Deposit into archive w/PID Required3 Allowed2
Strongly urge Required4

Docs (compile, install, use) Required1
Required N/S Required

Sample data Required Encouraged N/S Required

Grant information Required Allowed5 Allowed5
N/S

Who?Why?

First, determine why the so�ware should be archived, who 
the audience will be, and who will be responsible. The 
answers will affect the choice of what to archive and how. 

See also Include so�ware 

in publica�ons -> Why 

publish?

•  Transparency, 

reproducibility, 

reusability, extensibility

•  "I have to"

•  Code with high reuse poten�al would benefit from a more 
thorough cura�on.
•  Other code (e.g., non-novel, easy to recreate code like data 
transforma�on or plo�ng scripts) basic cura�on may suffice

The Big Ques�on: Is the effort required to curate a so�ware 
ar�fact to fulfill its preserva�on goal worth it?

At what level of detail should so�ware be described? Depends on:
•  Audience: Developers, technical users will require informa�on at 
lower levels (library, module, func�on). Others might only require a 
general descrip�on.
•  Purpose: Amount of detail required varies. Transparency < 
reproducibility < reusability.
•  Time horizon: Usable so�ware over longer �me horizons is harder 
than shorter horizons. Long horizons need more details/granularity and 
more effort-intensive preserva�on approaches such as maintaining 
virtual or physical machines

How
long?

Depends on the purpose, audience, �me hoziron. 
Rules of thumb:
•  If you can give it a name
•  If it is cri�cal + unique to reproduce a result
•  If it will be useful to others
•  If it is required by a funder or publisher
•  Longer �me hozions require more dependencies 
to be preserved to be able to run code

Who is the audience?

•  Researchers in the 

sub-discipline

•  Developers, 

technical users

•  Non-technical users

•  Steward: who will be 

responsible for it?

At least how long should 

it remain accessible or 

usable?

•  5 years is frequently 

men�oned as a minimum

•  20 years?

•  An indeterminate 

amount?

•  Use version control to manage development
•  Write code with reproducibility in mind
•  For code sharing, think about which license to use
•  Document according to the so�ware's intended use/audience
•  Adopt a coding style guide (e.g., standard and/or lab conven�ons)
•  For code quality, use unit tes�ng or con�nuous integra�on when appropriate
Detailed resource:  [ESIP16]

The Big Ques�on to Ask Yourself: Is it worth the effort 
to curate and preserve a so�ware ar�fact?

A minimal (required feields) / useful (required + op�onal) metadata set:

[Rios16]

1. Keep only the source code.

• Code is treated the same as data (only support viewing, not compiling/execu�ng) 

• Can migrate the code to new systems (ac�ve maintenance)

• Dependencies quickly become a problem

2. Emula�on, virtualiza�on, containeriza�on

• Keep a version of the build and/or execu�on environment in a ready-to-run state

3. Keep the physical machines

• Cumbersome, not suitable for sharing

• The only op�on for specialized hardware
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