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Software in research activities
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Expected learning outcomes

• Understand research software quality: the model and assessment 
process

• Understand the EVERSE research software toolkits and their
application in a scientific domain

• Gain practical familiarity with research software quality for Python 
and Jupyter notebooks



Outline

1. Research software
2. Software quality
3. EVERSE Research Software Quality Toolkit (RSQKit)
4. Case study
5. Hands on



1. Research software



What Counts as Research Software?
Two ways to draw the boundary — an inclusive and an exclusive view

The inclusive view software in research — the whole environment counts The exclusive view research software — only the scientific core counts

vs

ALL of it counts

research
lifecycle

plan

</>

collect</>

analyse

</>

publish </>

scripts & analysis code

tools & workflows

libraries & frameworks

OS & infrastructure

every layer of the stack

all software used in research

OS

compiler

spreadsheet

e-mail

research
software

well-identified — part of the discovery 
process

requires specialised domain knowledge

a contribution to science & research

• All code & software artefacts used or produced in one or more stages of the research 
lifecycle

• Regardless of the layer of the software stack

• Includes software not necessarily developed to be part of research

• Well-identified software that is part of the research discovery process

• Requires specialised domain knowledge

• A contribution to science and research

E X A M P L E S  —  R E S E A R C H - S P E C I F I C  A N D  G E N E R A L - P U R P O S E  A L I K E

Python / R scripts Jupyter notebooks Excel & macros

Git & CI pipelines NumPy & libraries Linux / HPC stack

E X A M P L E S  —  D O M A I N  C O D E S  A T  T H E  S C I E N T I F I C  C O R E

GROMACS  · molecular dynamics CESM  · climate modelling

BLAST  · sequence analysis AstroPy  · astronomy

Same landscape, different boundary:  where the line is drawn determines what gets cited, credited, funded and sustained.



Software in the research lifecycle

• Different from industrial software
• Lifecycle
• Research software tiers
• Open science

7Guy Courbebaisse, Bernd Flemisch, Kay Graf, Uwe Konrad, Jason Maassen, & Raphael Ritz. (2023). Research Software 

Lifecycle. Zenodo. https://doi.org/10.5281/zenodo.8324828

https://doi.org/10.5281/zenodo.8324828


Three Tiers of Research Software

From personal analysis code to shared infrastructure — rising reuse, audience and sustainability demands

T3

Research software 
infrastructure
Broadly accepted, widely used 
ideas, methods & models
community codes · warrants close, 
ongoing researcher involvement

shared foundation · whole 
community

T2
Prototype tools
Demonstrates a new idea, method or 
model for others
proof of concept · substantive intellectual 
contribution · used beyond its origin project

new idea  →  shareable tool  →  
others

T1 Analysis code
Captures the computational research process & 
methodology
simulation · data generation · preparation · analysis · visualisation data  →  analysis code  →  result

each tier builds on the one below

How the tiers compare

T1 T2 T3

Primary audience
the author / 

team
peers beyond 

the project
the research 
community

Main purpose get results
demonstrate 

an idea

provide a 

dependable 
tool

Reuse & reach
low medium high

Engineering rigour
light moderate

high · 
sustained

Typical form
scripts, 

notebooks
proof-of-

concept tool
community 

code / library

Same code DNA, rising responsibility:  as software moves from Tier 1 to Tier 3, its audience widens and the need for identification, credit and sustained engineerin g grows.



Tier 1 research software examples



Tier 3 research software example: VRE

An 
experiment 
is a 
workflow of 
services, 
with
customized
input data 
and
infrastructur
e



Tier 3 research software example:
ENVRI-HUB framework

• ENVRI –HUB
- Catalog
- Knowledge base and Search engine
- Analytics Framework
- Training
- Interface to VRE
- Interface to underlying RI and Cloud
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Tier 2 research software example:
ECV workflow

• Reusable workflows



Research software challenges

• Findability, Accessibility, Interoperability and Reusability of 
Research Software

• Reproducibility and Portability
• Sustainbility and funding
• Usability
• Maintainance 
• ….



EVERSE
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Reference EOSC EU 
Node

National nodes

European e-
infrastructures

Thematic community 
nodes

Other data 
infrastructure nodes

EVERSE aims to create a framework for research software and code excellence, collaboratively
designed and championed by the research communities, in pursuit of building a European network of
Research Software Quality and setting the foundations of a future Virtual Institute for Research
Software Excellence.

HORIZON-INFRA-2023-EOSC-01-02, 
2024-2027



Partners, associates, and affiliated 
entities 
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EVERSE — Making Research Software a First-Class Citizen
Key outcomes of the EU-funded Horizon Europe project

Vision:  establish research software as a first-class citizen of the scientific process — quality you can measure, tools 
you can reuse, and engineers who get the credit.

Core Project Outputs

RSQkit — Quality Toolkit

Community-driven knowledge base 
of best practices, guidelines & 

quality indicators across disciplines.

RSQkit

Automated Assessment

Automatically evaluates FAIRness, 
maintainability & sustainability of 

software.

resqui-Pipeline

Analytics Dashboards

Track and explore software-quality 
metrics visually.

DashVERSE

Technology Monitoring

Monitors and advances emerging 
research-software technologies.

TechRadar

Recognition & Reward

Frameworks giving RSEs academic 
credit & career progression.

RSE careers

Community & Network Impact

European Network of Research Software 
Quality
A collaborative network to share knowledge, cross-fertilise 
research domains, and raise awareness of software as a core 
enabler of European research.

EOSC

Scientific Use-Cases across EOSC Science Clusters
Tools integrated with major EOSC Science Clusters to demonstrate real 
gains in software quality and code reusability:

Life sciences Astronomy

Environmental Social sciences

The throughline:  quality, recognition and community — turning research software into dependable, credited, reusable research output.



2. Research software quality 



Software Quality — Concepts, Standards & References
What software quality is, how it is structured, and the standards that define it

Q What is it?  The degree to which software satisfies stated and implied needs — uniting conformance to requirements
(built right) with fitness for purpose (the right thing built).

Basic concepts — four complementary lenses
Two views

Product quality Quality in use

Two requirement types

Functional Non-functional

Two measurement points

Internal (code) External (running)

Two checks

Verification Validation

The reference model — ISO/IEC 25010:2023 product quality model (9 
characteristics)

Functional
Suitability

Performance
Efficiency Compatibility

Interaction
Capability Reliability Security

Maintainability Flexibility Safety

+ a companion Quality-in-Use model (effectiveness, efficiency, satisfaction, 
freedom from risk, context coverage) — ISO/IEC 25019Standards & references

ISO/IEC 25000
SQuaRE family

ISO/IEC 25010:2023
product quality

ISO/IEC 25019
quality in use

ISO/IEC 5055
code structural quality

FAIR4RS
FAIR research software

EVERSE RSQkit
practices & indicators

In practice:  quality is defined by a model, made measurable through characteristics & sub-characteristics, and evaluated against standards — not 
judged by opinion.



Software quality: a taxonomy

• In ISO/IEC 25010

19
ISO/IEC 25010 – News from the 2nd Edition (2023-11)

Elaborated

by

Consists 
of

Mapped

to

Part 
of

Dimensions

Observable 

metrics

Sub-

characterstics

Quality

charactersticsQuality model

• Quality characteristics:

- Functional suitability

- Performance efficiency

- Compatibility

- Interaction capability

- Reliability

- Security

- Maintainability

- Flexibility

- Safety



3. EVERSE Research software 
quality ToolKit (RSQKit)



Roles in Research software



Research Software Tasks & Their Dependencies

34 RSQKit tasks, clustered by shared keywords into six lifecycle stages — arrows show how the outputs of one stage feed the next

1 Plan & Design

keywords: planning · tools · structure

• Software management planning

• Choosing languages, tools & infrastructures

• Software project structure

2 Develop

keywords: coding · version control · review

• Using version control

• Writing readable code

• Performing a code review

• Reproducible software environments

3 Verify & Automate

keywords: testing · CI/CD · workflows

• Testing software

• CI/CD (GitHub Actions, GitLab CI/CD)

• Managing CI testing matrices

• Using containers · Computational workflows

4 Document & Describe

keywords: documentation · metadata · identifiers

• Creating a good README

• Software documentation (project, code, Read the 
Docs)

• Software metadata (CodeMeta)

• Software identifiers

5 Release & Share

keywords: licensing · packaging · publishing

• Licensing software

• Packaging software

• Releasing software

• Publishing software · Archiving software

6 Sustain & Credit

keywords: maintenance · citation · sustainability

• Maintaining research software

• Citing software · Credit & recognition

• Improving environmental sustainability

• Writing a research software story

iterate & evolve

Adopting FAIR research software practices  —  cross-cutting task underpinning every stage   keywords: FAIRness · openness · reproducibility · reuse

Source: everse.software/RSQKit — Tasks (EVERSE Research Software Quality Kit); clustering by shared task keywords



The Quality Model of Research Software

13 quality dimensions — each an umbrella for measurable quality indicators  ·  EVERSE RSQKit (https://everse.software/RSQKit/quality_dimensions)

H O W  T H E  M O D E L  W O R K S

Quality Dimensions
High-level, abstract attributes of “good” 
research software

each is an umbrella for …

Quality Indicators
Measurable proxies — e.g. test coverage, 
community engagement

which provide evidence for …

Quality Assessment
Balancing “fit for purpose” with FAIR4RS 
reusability and long-term sustainability

Source: everse.software/RSQKit — Research Software Quality Dimensions (builds on ISO/IEC 25010)

R E S E AR C H - S O F T W A R E - S PE C I F I C  D I M E N SI O NS    the scientific context

Community
Contributors, governance & 
engagement

FAIRness
Findable, Accessible, 
Interoperable, Reusable

Open Source
Verifiable, reproducible, 
collaborative code

Sustainability
Software that endures on 
new platforms & needs

E N G I N E E R I N G  D I M E N SI O NS    from ISO/IEC 25010

Functional Suitability
Complete, correct, appropriate

Reliability
Available & fault-tolerant

Performance 
Efficiency
Time behaviour & resource 
utilization capability

Compatibility
Co-existence & interoperability

Interaction 
Capability

Usable, learnable, inclusive, operability,
user engagement, inclusivity

Maintainability
Modular, reusability, analyseability,
testable, modifiable

Flexibility
Adaptable, scalable, installable

Security
Confidentiality & integrity, non-
repudiation, accountability, AAA

Safety
Operational constraints, Avoids harm 
& hazards, fail safe, safe integration



What will EVERSE offer?

• Community “good enough” practices

• Research a software quality model

• Tools to measure the quality
characteristics

• Support and training
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https://everse.software/services/rsqkit/



Quality check tools



Training materials



Prioritisation of quality dimensions

https://zenodo.org/records/15856368



4. Case study: Using EVERSE in 
ENVRI



ENVRI:

• RIs in 
environmental and
earth sciences
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Methodology

EVERSE
1. Quality 

model
2. Tool

3. Diagnosis4. Treatment

RS

Stake 

holders



Essential climate variables

• Essential Climate Variables as defined by the Global Climate 
Observing System; there are 54 focused on the atmosphere, 
cryosphere, oceans, anthroposphere, biosphere, and the 
hydrosphere.

32



Essential climate variables

• Variables are critical for observing and monitoring a given facet 
of the Earth system.

33

Sou 1

Sou 2

Sou 3

Tier one research software



Pilots & Drivers
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Environmental Sciences: Integration of Science Cluster ENVRI through ENVRI-HUB

● Integrate EVERSE framework into the ENVRI-HUB Knowledgebase and Virtual Research Environment
● Apply to the development of the Essential Climate Variable computing program and cloud workflows

Life Sciences: Integration of Science Cluster EOSC-Life through ELIXIR

● Make RO-Crate actionable by incorporating the five safes concept into WfExS for secure and federated workflow orchestration
● Use of community-led standards for materialising research software packaged using container technologies and mobilising

encrypted data whenever needed

Astronomy and particle physics: Integration of Science Cluster ESCAPE through the Dark Matter Test Science Project

● ML for scientific data compression (standalone code, python)
● A Common Tracking Software
● Choose an ATLAS trigger algorithm as an option for the collaboration

Proton and neutron science: Integration of Science Cluster PaNOSC through LEAPS/LENS
Transition software to high performance computing (HPC) and heterogeneous computing architectures

Social sciences: Integration of Science Cluster SSHOC
Develop a multilanguage textual analysis pipeline of tools that use a combination of open source tools and own code to create an
integrated SotA tool capable of deploying locally or as a service



Software quality in VRE

From personal analysis code to shared infrastructure — rising reuse, audience and sustainability demands

T3 Research software infrastructure

Virtual research
environment

shared foundation · whole community

T2
Prototype tools

Virtual Labs
new idea  →  shareable tool  →  others

T1
Analysis code

Jupyter notebooks
data  →  analysis code  →  result

each tier builds on the one below

Same code DNA, rising responsibility:  as software moves from Tier 1 to Tier 3, its audience widens and the need for identification, credit and sustained engineerin g grows.



Methodology: three iterative steps

• Quality model customization
• Quality tool selection and integration
• Community training, utilization and feedback



Customising the Research Software Quality Model for a Domain
A three-step customisation cycle, instantiated at each of the three tiers of research software in the domain

continuous refinement

1 Review & Prioritise

keywords: dimensions · metrics · community needs

Select the quality dimensions and metrics that 
matter for the domain, weighted by community 
practices and needs.

2 Review & Test the Tools

keywords: tooling · quality checks · piloting

Assess candidate quality-check tools against the 
prioritised metrics and pilot them on real domain 
software.

3 Validate & Improve

keywords: training · feedback · validation

Validate the model through training events and 
community feedback, and refine dimensions, 
metrics and tooling.

the same three-step cycle is applied at every tier

T I E R  1

Jupyter Notebooks
Analysis code and computational 

narratives created by individual 
researchers.

focus: readability · reproducible environments · 
notebook checks

composed
into

T I E R  2

Virtual Labs
Curated workflows and services 

composing notebooks, tools and data for a 
use case.

focus: interoperability · testing & CI · 
documentation · containers

composed
into

T I E R  3

Virtual Research Environments
Integrated, operational platforms serving 
entire research communities.

focus: sustainability · FAIRness · security · 
governance

increasing scale, integration and community involvement



4.1. Quality model customization
5 Dimensions:

1. Maintainability

2. Security

3. FAIRness

4. Functional

Suitability

5. Sustainability

25 Final Metrics (selected 

from Volentir [1] & EVERSE 

[2])

Examples:

1. Maintainability Index

2. Code Duplication

3. Comment Density

4. Dependency 

Management

5. Presence of License

6. No Leaked Credentials

Mapped to 4 

Lifecycle Stages:

1. Planning & 

Design

2. Development

3. Testing

4. Maintenance 

[1] A. Volentir, “Customizable software quality guidance in the jupyter environment,” M.S. thesis, University of Amsterdam, 2024.

[2] EVERSE Project, European virtual institute for research software excellence, https://everse.software, Accessed: 2025-04-13, 2025



4.2. Quality check tools



4.3. Integrate tools with VRE



4.4 LLM in research software quality

41

LLMs in

Requirements 

Engineering

Quality 

Assurance

Automated Testing

and Fault Detection

Reporting and 

Documentation

Research 

Software

What can we learn from all these attempts and 

how can we apply our knowledge to research 

software given its limitations?

N. Wadhwa et al. [Microsoft]: CORE system, proposer–ranker architecture:

• the first generates code revisions based on static analysis tool feedback 

• the second ranks these revisions based on criteria that mimic human 

review 

Lubos et al.:  Study where an LLM evaluated software requirements 

according to the ISO/IEC/IEEE 29148 standard. The model was able to 

identify potential issues and suggest revised formulations.

White et al.:  Introduced prompt design patterns to guide LLMs in eliciting and 

refining requirements

R. Pan et al. [IBM]: ASTER system incorporates lightweight static analysis 

and guides the LLM to produce compilable, high-coverage, and natural-

looking test cases. The tool has outperformed traditional automated test 

generators
Nunez, N. T. Islam et al. [UvA]: AutoSafeCoder system incorporates three 

agents, a Coding Agent, a Static Analyzer Agent, and a Fuzzing Agent, in an 

iterative loop that proposes fixes and re-tests code until issues are resolved. 

Chen et al.: study on bug report decomposition found that LLMs could break 

down complex, multi-issue reports into atomic units, making them easier to 

act upon and document in tracking systems 



DevOps pipeline for services (tier three RS)

Research software quality



Initial Mapping of Characteristics
Different focus per stage

Plan: Requirements checking

Code: Standard code quality metrics

Deploy/Release: Failed deployments

Build: Unused libraries

Test: Coverage and Success

Operate: User Satisfaction

Monitor: Downtime

Characteristics

Defined based on the goal of each phase

Metrics

Defined based on assigned sub-characteristic

to each state of the lifecycle



Table with metrics



Tools per Metric



Thresholds per Metric



5. Hands on



How to access the Virtual Lab
https://naavre.net/



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



6. Feedback



Summary

• The quality of Research Software (RS) is essential for open science and
research infrastructure. 

• The EVERSE RSQkit offers a community-based approach to RS quality
control. 

• Customization of the RS quality model is necessary for specific
communities. 

• Generative AI (GenAI) shows significant potential for diagnosing RS 
quality and providing feedback.



Thank you!
Contact: z.zhao@uva.nl
ENVRI: www.envri.eu
EVERSE: https://everse.software/network/
MNS Research group: https://mns-research.nl/
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To open the workshop in the NaaVRE 
virtual lab:

• Go to beta.naavre.net
• Click on “Jupyter quality”
• Log in (using a google or EOSC account)
• Click on “Start workshop”

http://beta.naavre.net/
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