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Why do we care about research software?

• Funding
– ~20% of NSF projects over 11 years topically discuss software in their abstracts 

($10b)

– 2 of 3 main ECP areas are research software (~$4b)

• Publications
– Software intensive projects are a majority of current publications

– Most-cited papers are methods and software

• Researchers
– >90% of US/UK researchers use research software

– ~65% would not be able to do their research without it

– ~50% develop software as part of their research
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Software as a strategic advantage

• Both direct (software itself) and indirect (things enabled by software and 
by professional software developers)

• Competition between institutions
– E.g. for faculty who want to go where they can be successful and are supported by 

resources including start up funding, facilities (computing, data, software, etc.) and 
staff

– E.g. for projects that build or rely on software

• UK Research Excellence Framework (REF)
– System for assessing quality of research in UK higher education institutions, tied to 

university funding, includes software as an output and research that relies on 
software

https://www.ref.ac.uk/
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How do we develop better research software?

There are two hard problems in Software Engineering:
1. People

2. Convincing others that “people” is a hard problem

So, lets talk about people…

Really:

• Culture problems (hardest)

• Management problems

https://martinfowler.com/bliki/TwoHardThings.html;
https://twitter.com/holman/status/776291833336979456

https://martinfowler.com/bliki/TwoHardThings.html
https://twitter.com/holman/status/776291833336979456
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How do we develop better research software?

There are two hard problems in Software Engineering:
1. People

2. Convincing others that “people” is a hard problem

So, lets talk about people…

Really:

• Culture problems (hardest)

• Management problems

• Software problems (easiest)

https://martinfowler.com/bliki/TwoHardThings.html;
https://twitter.com/holman/status/776291833336979456

https://martinfowler.com/bliki/TwoHardThings.html
https://twitter.com/holman/status/776291833336979456
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has been acquired, pass on that understanding 
through teaching
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The Craftsperson and the Scholar

• Scholar: archetypical researcher driven to 
understand things to their fullest capability
– Find intellectually-demanding problems

– Curiosity-driven, work on a topic until understanding 
has been acquired, pass on that understanding 
through teaching

• Craftsperson: driven to create and leave behind 
an artifact that reifies their efforts in a field
– Feels pain when things they make are fragile or ugly

– Prefer to make things that explain themselves

– Work requires patience, and pride in doing a job well

• Scientific software requires individuals who 
combine the best of both roles.

http://www.software.ac.uk/blog/2012-11-09-craftsperson-and-scholar
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https://danielskatzblog.wordpress.com/2019/07/12/super-rses-combining-research-and-service-in-
three-dimensions-of-research-software-engineering/

What is a Research Software Engineer?

/ 

/ 
/ 

https://danielskatzblog.wordpress.com/2019/07/12/super-rses-combining-research-and-service-in-three-dimensions-of-research-software-engineering/
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Society of Research Software Engineering

An independent organization for the RSE movement

– Membership

– Voting rights

– International

UK Registered Charity Number 1182455

– Same model as Royal Society of Chemistry and
Institute of Physics, etc.

• https://www.society-rse.org/

SOCIETY OF RESEARCH 
SOFTWARE ENGINEERING 

https://www.society-rse.org/
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US RSE Association

• Created with inspiration and support from Society of 
Research Software Engineering

• Focused on US members and US issues
– Networking, jobs, careers, events, …

– In academia, labs, industry, …

• Started in 2018, publicized in 2019

• BOF at PEARC 2019, panels & BOF at SC19, workshops at 
PEARC 2020 & SC20 

• About 500 members

• https://us-rse.org

500 

450 

400 

350 

300 

250 

200 

150 

100 

50 

Membership in the US Res.earch Softwar-9 Engineer Association 

US RESEARCH 
SOFlWARE ENGINEER 

ASSOCIATION 

https://us-rse.org/
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Career paths in US universities

• Campus Research Computing Consortium (CaRCC)’s CI 
Workforce Development/Professionalization Committee
held 2018 CI Professionalization Workshop

• One outcome: draft Research Computing and Data 
Professionals Job Elements and Career Guide

• Organized around “four facings” roles: researcher-
facing, system-facing, software/data-facing, 
sponsor/stakeholder-facing

• For RSEs and data scientists (software/data facing), 
similar to the NCSA descriptions

• Now publicizing, aim to get universities to support and 
implement

- DRAFT FOR REVIEW- 27 April 2018 -Any comments? E-mail to help@carcc.org 

Research Computing and Data Professionals 
Job Elements and Career Guide 

Introduction 

Researcher Facing Roles 
Job Elements 

Table of Contents 

Education, Experience, and Skills 
Professional Development and Career Opportunities 

System Facing Roles 
Job Elements 
Education, Experience, and Skills 
Professional Development and Career Opportunities 

Software/Data Facing Roles 
Job Elements 
Education, Experience, and Skills 
Professional Development and Career Opportunities 

Sponsor/Stakeholder Facing Roles 

https://carcc.org/
https://carcc.org/ci-professionalization/
https://carcc.org/wp-content/uploads/2019/01/CI-Professionalization-Job-Families-and-Career-Guide.pdf
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Research Software Group Models

I ILLINOIS NCSA 



33

Illinois NCSA: Software Directorate

• Organizational context
– Research institute hosted at a university, outside of academic departments

• Team size
– ~40

• Remit
– Support individual needs; generalize those needs across projects; build software frameworks 

in response

• Funding model
– Research grants (soft funding)

• Job security; career progression
– Staff hired on indefinite contracts
– Five grades of research programmer (RP): assistant, RP, senior, lead, principal

I ILLINOIS NCSA 
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Notre Dame: Center for Research Computing

• Organizational context
– Part of the broader Notre Dame Research

organization at the university

• Team size
– 24

• Remit
– Provide software development support and services to researchers

• Funding model
– Grants, contracts, and collaborations (soft funding)

• Job security; career progression
– Staff hired on fixed term contracts
– Three grades of Research Programmer, roughly equivalent to first three NCSA grades

CENTER FOR RESEARCH COMPUTING 
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Manchester: Research Software and Data Science

• Organizational context
– IT Services, external to the Faculties

• Team size
– 25

• Remit
– Application support; training; short projects (weeks); research projects (months-years)

• Funding model
– Application support and training: baseline funded (hard funding)
– Projects: cost recovery from grants (soft funding), but underwritten by IT Services

• Job security; career progression
– Staff hired on permanent contracts
– Three grades of RSE: ~ graduate, postdoc, lecturer

The University of Manchester 
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Agility

• Notre Dame is the most “agile”
– Group divided into 4 teams, each with research programmers, a product owner, and a scrum 

master (shared across each two teams)

– A team works on 1-6 projects, generally using 2-week sprints

• Illinois uses some agile methods for overall group
– Staff work on multiple projects and in multiple teams, so twice weekly team standups help 

keep everyone focused on tasks and share knowledge

– Projects can adapt some agile methods while recognizing staff are shared

• Manchester uses some agile processes within faculty-focused teams
– Staff work on multiple projects in multiple teams; informal sprint model with regular 

feedback from PIs

– Coordination between the faculty teams is via a weekly leaders' meeting
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Line management & mentoring

• Manchester
– Head & 6 area leads line-manage & mentor staff
– 0.5 FTE institutional support for each

• Illinois
– 2 co-leads and 6 group leaders manage and mentor staff
– 0.2 FTE institutional support for each
– Each project also has a senior developer, supported ~0.1 FTE on that project to mentor staff in that 

project

• Notre Dame
– Line management provided by dual Scrum Master/Manager role within teams (~8:1 dev to manager 

ratio, 2:1 team to manager), then above, Assoc. Director of Cyberinfrastructure (head of software 
group)

– Mentoring through technical leadership team composed of senior developers, with representation 
from each scrum team
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Supporting
Research Software Development

I ILLINOIS NCSA 
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High-level comparison

Institutional memory spanning projects, domains, time 
Flexible workforce with flexible skills 

Can support varying levels of effort, in particular portions of staff members 
Supports mentoring/coaching 

Reduced bus factor with regards to project core knowledge 
Enables scalable growth to more rapidly take on new/large efforts 

Fosters reuse and sustainability of built software 
Costlier staff, however, better more maintainable code 

Perpetual precarious staffing allocations when solely reliant on grants 
Difference from status quo makes model hard to describe to funding agencies/Pis 

Not possible to fund permanent staff under some agencies 
Risk of siloed staff after prolonged embedding in projects 

Lack of assimilation into domain if project is too short 
Projects today too often do not consider/reward reuse 

Effect 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
-

-

-

-
-
-

Manchester 
✓ 
✓ 
✓ 
✓ 
✓ 

✓ 
✓ 
✓ 
✓ 
✓ 
✓ 

Illinois Notre Dame 
✓ ✓ 
✓ 
✓ ✓ 
✓ ✓ 

✓ 
✓ 

✓ 
✓ ✓ 
✓ ✓ 
✓ ✓ 

✓ 
✓ 
✓ 
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Overcoming varying finite duration funding streams

• We want to retain professional software development staff

• Grant funding
– Often less than 1 RSE FTE

• And at NCSA and Manchester, a project’s 1 RSE FTE should be split across 2 staff members to 
lower project risk and reduce project capture of staff

– Shorter duration than staff careers

• RSE groups tend towards a form of “Matrix Management”
– Principle Investigator axis: changes over time

• Funded by research projects

– RSE group manager axis: fixed
• Funded by … ? Overhead? Tax on projects? Institution?

• How do we fund RSE groups to set aside time for growth?
– E.g., skill development, technology exploration, grant writing
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Career paths (NCSA)
litle 

Major Function 

Key Responsibilities 

Decision Making Authority 
Supervision 

Required Education, 
Training. and Experie nee 

Preferred Expe rience 

Assistant Research Programmer Research Programmer Senior Research Programme r Lead Research Programme r Principal Research Programmer 

_ _________________________ D_ev_e_lo_p_s_o_ft_ware and tools to address scienti fic and other real world problems 

Lead development activites and oversee/mentor groups of developers as a "player coach" 

Develop novel software or contribute to existing software, both independently and/or in co llaboration wi t h team members, in support of a project's goals 

Interact with people in a w ide range of ed ucat ional, scient ific, and engineering disciplines to create advanced software 

Represent the group at meetings, give presentations at conferences o r other venues, and contribute to pu blicat io ns and grant proposals 

Carry development and contribute significantly towards the reporting on one o r more proj ects 

Track technologies changes/research act ivi ty in relevant fi elds 

Evaluate the strengths and weaknesses between variet ies of novel approaches to prob lems and commun icate these to colleagues 

______________ D_e_s ..... ign new approaches and techniques in resolving project speci fic problems using independent j udgement 

Senio r/Lead/Principal Research Programmer, Grou p/Division Leads, Proj ect Leads 

oversee and develop on a number of projects: assist in ensur ing deliverables/deadl ines are met, contribute to proposals, and teach others 

Lead and assume responsib ility for activities ofa project's development team/sub-team, 

ensure team/project goals and deadl ines are met 

oversee/steward design and development of several signifi cant software code bases 

_____________ st_e_w_a_rd_ tunded projects 

Project developers and students 

Group/Division Leads, Project Leads 

Leading the bui lding, maintaining, and growth 

of a broad act ive and sustainable community 

around one or morecodebases 

Unwavering conflict resolution towards 

mainta ining teams/efforts 

Estabilishing non'fP'ant funded sources fo r one 

or more codebases (e.g. service cost models, 

industry partnershi ps) 

13A/13S in computer science. Alternative degree fields will be considered/accepted ifaccompanied by equivalent experience 

some cou rse level soft. dev. Experience 1-3 years software development experience S+years software development experience 10+ years software development experience ------------------------------------------------------------------------------
- ------------------------------------------------------------ Demonstrated abi li ty to create/lead sub-teams 

Knowledge of programming. abi li ty to follow research publications, an abi li ty to write, and an abi li ty to be creative towards open ended software development 
Subject matter experts on one or more technologies 

Abil ity to establish a software development effort from t he ground up (create software from scratch) 

Programming in one o r more programming languages (e.g. Java, C++, Python, Scala, FORTRAN, Ru by, Javascript) 

Profic ient in 3 or more programming languages with an abi lity to explain/decide why one would be uti lized over another 

Web development (e.g. Server side scripting, client side frameworks, HTMLS, CSS, REST) 

Databases (e.g. MySQL, MongoDB, PostgreSQL) 

Contributions towards research publicat ions 

Experience in one or more of the fo llowing: Machine learning o r data m ining, Natural language processi ng, Geospatial data management and programming, Computer vision o r graphics, HPC environments, cloud computing, 

and/or systems administration 
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• Research is a team endeavor; larger & more complex projects need a wider 
range of skills

• Professionals who write software & analyze data are essential
– Can’t push these activities to students & post-docs, but need to 

work with them

• RSE group members (senior developers and/or project 
managers) can bring more mature project management aspect/structure
– Team organization (roles, responsibilities)

– Work organization (WBS & timelines for deliverables)

– Software organization (code repositories, issue trackers, wikis, messaging)

– Coding practices (sprints, code reviews, TDD, integration testing, autobuilds)

– → better, more sustainable code & more efficient group coordination
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Best practices

• Research is a team endeavor; larger & more complex projects need a wider 
range of skills

• Professionals who write software & analyze data are essential
– Can’t push these activities to students & post-docs, but need to 

work with them

• RSE group members (senior developers and/or project 
managers) can bring more mature project management aspect/structure
– Team organization (roles, responsibilities)

– Work organization (WBS & timelines for deliverables)

– Software organization (code repositories, issue trackers, wikis, messaging)

– Coding practices (sprints, code reviews, TDD, integration testing, autobuilds)

– → better, more sustainable code & more efficient group coordination

• These can be barriers in projects that focus on science questions
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Institutional memory

• Research software is becoming more important, complex, and costly

• Expertise is valuable

• Students and postdocs pack up and move on

• RSE groups with longevity beyond any individual
project, can act as “institutional memory”

– Long-term/permanent contracts

– Contracts not aligned to projects

• RSEs are generally more mobile across domains than other research staff

– Opportunities for translation of knowledge/artifacts across more users/communities
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Changing scientific culture

• Scientific research is about scientific discovery first and foremost
• There’s a long and deep culture as to what this means

– Scientific method, students, paper publications, …

• We’re trying to change that culture
– Or at least adapt it to include technical aspects

required by modern day science

• Research is increasingly a team endeavor
– As projects become larger and more complex,

a wider range of skills is required

Jay, et al; Identifying the challenges of 
code/theory translation; 2017; 

10.3897/rio.3.e13236

I 
software 

. 
science 

writes code /1 

\ 
story 

~ writes papers v 

https://doi.org/10.3897/rio.3.e13236
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Changing scientific culture

• Scientific research is about scientific discovery first and foremost
• There’s a long and deep culture as to what this means

– Scientific method, students, paper publications, …

• We’re trying to change that culture
– Or at least adapt it to include technical aspects

required by modern day science

• Research is increasingly a team endeavor
– As projects become larger and more complex,

a wider range of skills is required

• Whether we write software or papers,
we are all researchers Jay, et al; Identifying the challenges of 

code/theory translation; 2017; 
10.3897/rio.3.e13236

I 
software 

. 
science 

writes code /1 

\ 
story 

~ writes papers v 

https://doi.org/10.3897/rio.3.e13236
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Summary

I ILLINOIS NCSA 
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Conclusions

• Software is becoming recognized as an essential part of research

• Support aspects of such software are not … yet
– RSE staff, RSE groups

– Models for sustaining, citing and crediting software

• RSE-type groups are emerging globally to address these needs

• RSEs and data scientists do not work in a vacuum
– They are key to common research activities, such as hypothesis generation, study 

design, data analysis, and interpretation of results

• Efforts to make this well understood and accepted by the scientific 
community at large are ongoing
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