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Overview

Funding bodies, tax authorities and statistical offices use precise definitions of research and 

development  and of  innovation.  This  week introduces  the  international  definitions  of  the 

Frascati and Oslo manuals, the distinction between basic and use-inspired research and the 

technology readiness scale that many calls use [1, 2, 3].

Learning outcomes

By the end of the week, students are expected to apply the five Frascati criteria to decide 

whether an activity is research and development, to distinguish basic research, applied research 

and experimental development, to explain the Oslo Manual's definition of innovation, and to 

assess the technology readiness level of a computing result.

Lecture

What counts as research and development

The Frascati Manual of the OECD defines research and experimental development as creative 

and  systematic  work  undertaken  to  increase  the  stock  of  knowledge  and  to  devise  new 

applications of available knowledge [1]. An activity counts as R&D only if it meets five criteria, 

at  least  in  principle:  It  must  be  novel,  creative,  uncertain  in  its  outcome,  systematic  and 

transferable or reproducible. The manual distinguishes three types of R&D. Basic research 

seeks new knowledge without a particular application in view. Applied research seeks new 

knowledge directed towards a specific practical  aim. Experimental  development draws on 

knowledge and experience to produce new products or processes or to improve existing ones.

The criteria matter in computing, where much work consists of software development. Writing 

software is R&D when it resolves scientific or technological uncertainty on a systematic basis, 
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and it is not R&D when it applies known techniques in routine ways. The migration of an  

application to a new framework version is normally routine, while the design of a compiler  

optimisation whose effect cannot be predicted in advance may be experimental development.

What counts as innovation

The Oslo Manual, published by the OECD and Eurostat, defines an innovation as a new or  

improved product or process, or a combination of the two, that differs significantly from the 

unit's previous products or processes and that has been made available to potential users or  

brought into use by the unit [2]. It distinguishes product innovations from business process 

innovations. Innovation therefore requires implementation, while R&D does not: A research 

project can produce knowledge without any innovation, and an innovation can occur without 

any R&D, for example by adopting a technology that is new to the firm.

Pasteur's quadrant

The familiar opposition between basic and applied research suggests a single line from theory to 

practice.  Stokes  argued  that  two separate  questions  are  involved:  whether  research  seeks 

fundamental understanding and whether it is guided by considerations of use [4]. The answers 

define  quadrants  named  after  exemplary  scientists.  Bohr's  quadrant  contains  pure  basic 

research, Edison's quadrant contains pure applied research, and Pasteur's quadrant contains use-

inspired basic research, which seeks fundamental understanding while being motivated by a 

practical problem. Much research in computer science, from cryptography to machine learning, 

sits in Pasteur's quadrant, which helps explain why the same work can be presented to academic 

and industrial funders.

Technology readiness

Technology readiness levels were developed at NASA to assess the maturity of technologies, 

and Mankins reviewed their history and use [3]. The scale has nine levels, from basic principles 

observed at level 1 to an actual system proven in an operational environment at level 9, as Figure 

1.1 shows. The European Union adopted the scale for its research programmes, where calls 

often state the level that a project should start from and the level it should reach. TÜBİTAK has 

also used the increase in technology readiness as an element of its evaluation of 1001 proposals 

[5]. For computing research, the difficult step is often the move from validation in the laboratory 

to validation in a relevant environment, which requires real data, real users or real infrastructure.

Pause and reflect. Place your current thesis or project on the technology readiness 

scale. What evidence would move it up one level?
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Figure 1.1. The nine technology readiness levels as used in European research programmes [3].

Hands-on components

Interactive lab: Part A applies the five Frascati criteria to computing activities. Part B sorts  

activities into the three types of R&D. Part C assesses technology readiness level by level [1, 3]. 

Link: https://utkukose.github.io/rd-project-management-NB-lecture/weeks/week-01/lab.html

Colab notebook: The notebook encodes the five Frascati criteria as a function, classifies a 

portfolio  of  computing  activities  and  summarises  the  R&D  budget  by  type  [1].  Link: 

https://colab.research.google.com/github/utkukose/rd-project-management-NB-lecture/blob/

main/weeks/week-01/NB01_rd_innovation.ipynb

Reflection prompts

1. Which part of your current work would pass all five Frascati criteria, and which part 

would not? Why does the distinction matter for funding?

2. Where would you place your field in Stokes's quadrants, and how does that affect whom 

you ask for funding?

3. What evidence would reviewers expect before accepting a claimed technology readiness 

level in your area?

Weekly task and submission

Write a one-page description of a project idea that you will develop throughout the course.  

Classify its activities with the Frascati criteria, place the project in Stokes's quadrants and state 

its starting and target technology readiness levels with the evidence required for each. Attach 

the notebook with both exercises completed.
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The weekly task supports self-learning and builds a personal portfolio. When the course is 

followed with the instructor during an active semester, the task can be sent together with the  

exported learning log to utkukose@sdu.edu.tr or utkukose@gmail.com for evaluation.
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